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£n 1983 por ejemplo, e! Ministerio de Salud del Brasil, estimé que un nimero de alrededor de 700,000 persof&l ;

adquirieron alguna infeccion via hospitalaria, en el Brasil.

Asimismo, se ha comprobado también, la presencia en los residuos hospitalarios, de los siguientes

microorganismos patogenos:

a) Bacterias
- Bacilos gram-negativos entéricos
- Coliformes
- Salmonella thyphi.
- Shiguella sp '
- Pseudomonas sp.
- Estreptococos.-

- Staphilococo dorado.

b) Hongos

- Candida albicans

c) Virus
- Polio tipo-! (

- Virus de la hepatitis Ay B
- Influenza
- Vacinia

- Virus entéricos.

‘Au:nque se piensa de manera general que todos los patégenos sobreviven dentro de los residuos en el
ambiente, esto no es tan cierto, lo cual se demuestra con los valores promedio de sobrevivencia en dias, de

algunos microorganismos.

" - Salmonella Thyphi . 29-70
- Entamoeba Histolytica - 8-12
- Polio Virus tipo -} . | 20-170
- Mycobacterium tubercuiosis 150 - 180

Por otro lado, se debe reconocer la realidad con relacion a los microorganismos patdgenos, que establecen

las siguientes consideraciones:

: {
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Las bacterias patdgenas presentes en los residuos, no pueden ser generados por la manipulacion

inadecuada de ellos.

La cantidad de materia organica presente en los residuos, propicia la proliferacion de los microorganismos

patdgenos. !

Los largos tiempos de transporte entre |a fuente generadora y los sistemas de tratamiento y/o disposicion

final, nos los tiempos de atmacenamiento, aumenta la posibilidad de proliferacién de los microorgarismos

- patdgenos.

La frecuencia de cierto tipo de bacterias, puede estar relacionada cen el tipo de fuente generadera o por el

tipo de residuo.

Una gran cantidad de microorganismos de origen humano, presentes en los residuos, sugiere la presencia

de bacterias virulentas y de alta patogenicidad.
Inventario de todos los generadores de residuos hospitalarios. |

Cuantificar la generacion de residuos hospitalarios, en peso, volumen, unidad bésica, metros cuadrados o

p-or actividad; de acuerdo a la clasificacién que exista.

Definir normas técnicas regulatorios y/o manuales para obtener las practicas para un buen manejo de

estos residuos.

Evaluar la situacion actual de manejo de los servicios.

Evaluar las. técnicas posibles para el control de estos residuos, técnica,. politica social, ambiental vy

econonicamente.

Generar planes o programas rectores a nivel federal, estatal o local todos ellos coordinados, para el contro!

de estos residuos.

DIPLOMADO EN CONTROL DE RESIDUOS GENERADOS EN HOSPITALES
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Finalmente, la real peligrosidad de este tipo de residuos, queda manifestada ante la recopilaéién de importas

hechos de afectacion a la salud, acaecidos en los ultimos 25 afios.

En 1975, la espiroqueta fue identificada como la causante de un nuevo desastre ahora conocido como el

Desastre de Lyme.

En 1978, el Sindrome de Shock Toxico (TSS), un nuevo sindrome en mujeres entre los 12 y los 52 anos,

fue descubierta como el resultado de una colonizacion vaginal, por.una bacteria comun, S. aureas.

En 1981, una rara epidemia de inmuno deficiencia fue observada y posteriormente llamada SIDA. que
resultd en decenas de miles de muertos alrededor del mundo en un periodo de 15 afos.

Durante los 80's y 90's, Cryptosporidium, un proiozoo causaﬁte de infecciones en animales y rara vez en
humanos, fue el cuipable de grandes problemas de salud en los Estados Unidos. 400 mil personas fueron
infectadas por Cryptosporidium una Milwaukee, Winsconsin en 1953, después de tomar agua

contaminada.

El Colera en América Latina, al inicio de los 90's, afectd mas de 700,000 personas, de las que murieron
mas de 6,000.

En 1992, una inexplicable ola de problemas pulmonares en el suroeste de los Estados Unidos, provoco a«
mueros. El agente patogénico fue identificado como hantavirus,

El desastre ocasionado por el Virus Ebola en Zaire, Africa en 1995, causd temor mundial, dado que el virus
fue identificado también en Liushasa, capital de Zaire. Es aun desconocido donde se origind este virus y

comao fue la primera infeccion en un ser humano.

De lo anterior se desprende el siguiente cuadro, que reune a las principales enfermedades derivadas de

microorganismos patdégenos.

DIPLOMADO [N CONTROL DE RESIDUOS GENERADOS EN.HOSPITALES
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Algunos Patégenos de Importancia Médica y sus Enfermedades Asociadas

Sudameérica, Asia y

Africa

Patogenos Localizacion de incidencia Mortalidad si no se | Enfermedades que
Ocurrencia Trata q " Causa
Degeneracién de el
Enfermedad En todo el mundo Desconocida Si Sistema Nervioso
Creutzfeldt-Jakob a Nerv
Central
En todo el mundo,
Hepatitis . 300'000,000 si Enfermedades del
(particularmente en .
Higado
el Este)
] Mayormente en Paralisi ' E _—
Tetanus . . Desconocido Si aralisis Espasmica
. Asia, Sudameérica y
delos Musculos.
Africa .
Mayormente en Formacion de
Anthrax Europa, Asiay Desconocido Si Tejidos Necréticos y
- Africa Septicemia
El Sistema Inmune
Sida En todo el mundo 8'000,000 Si .
es Comprometido
Mayormente en Enf dades de |
Malaria 150,000,000 Si niermedades ce fa

Sangre y el Higado
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247/97-MUNDO DOC




BRrive REVISION DE LA SITUACION
ACTUAL EN EL MUNDO NG JoRGE Sanci 7 O

4. ALTERNATIVAS PARA EL TRATAMIENTO DE LOS RESIDUOS HOSPITALARIOS

Se puede decir que en términos generates, existen 4 opciones para el tratamiento de los residuos

hospitalarios, las cuales son:

s incineracion
s microondas
« esterilizacion

* tratamiento fisico-quimico

a) Incineracion

Es la combustiéon controlada de los residuos con el fin de eliminar los microorganismos patogenos.
Es el procedimiento cominmente usado para el tratamiento de los residuos hospitalarios:

Historicamente, fos incineraciones han sido usados para quemar residuos patoldgicos, por razones de salud
y percepcion poblacional. Recientemente, los hospitales han pretendido incinerar todo tipo de residuos
hosbitalarios, lo cual ha dado como resultado el que exista un rechazo de la poblacion dado lo riesgoso de
esta practica, si se incluyen residuos hospitalarios y materiales contaminados con agentes patoldg

sumamente impactantes, como es €l virus del SIDA.

Los incineradores mas usuales para este tipo de residuos, son los de aire controlado y dobte camara de
combustion. Normalmente la temperatura en ia cdmara primaria, se mantiene entre 1500° F y 1800° F,
mientras que en la secundaria, donde se queman los gases de combustion, varia entre los 1800° F vy los

2000° F. El tiempo de retencion minimo entre ambas camaras, debe ser de 2 segundos.

Un buen incinerador, puede quemar practicamente cualquier tipo de residuo. Los costos de operacion de un
incinerador moderno y eficiente son de $0.4 a $0.5 USA aproximadamente por kilogramo, sin considerar el

transporte.
Cuando el incinerador es ineficiente, es muy probable que se generen dioxinas y furanos.

En la figura 4.1 se presenta un diagrama genérico que muestra el proceso de incineracion.

OIPLOMADO EN CONTROL DE RCSIDUOS GENERADOS EN HOSPIIALES g
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FIGURA 4.1, INCINERACION

b) Tratamiento por microondas.

Este proceso es una opcién para el tratamiento de residuos infecciosos. En este proceso, calientan los
residuos a 200° F. Dentro del reactor de ta camara, halla un triturador de los residuos para propiciar un mejor
contacto con las microondas. El tiempo de residencia en ta camara, varia entre 40 y 45 minutos Este
tratamiento, tiene la limitacion de no poder recibir partes de cuerpo, navajas, objetos metalicos, ni residuos
quimicos. Su costo de operacion es de aproximadamente un 50% o 60% del costo de la incineracion. En la
figura 4.2 , aparece un diagrama de flujo con el proceso de las microondas. Con esta técnica, el volumen de!

residuo, se reduce de un 60 a un 70%.

FIGURA 4.2. MICROONDAS

DIPLOMADO EN CONTROL DE RESIDUCS GENERADGS EN HOSPHALLS
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c) Tratamiento de esterilizacion con vapor.

Este proceso es muy usual para desinfectar o es.terilizar residuos medicos ante de disponerlos en rellenos
sanitarios. Esta técnica se ha usado ampliamente desde mediados de la década de los 70's, para la
desactivacion de cultivos de laboratoric microbiolégicos. Sin embargo, aunque puede aceptar metales y
navajas, no puede' tratar residuos quimicos , ni patolégicos; excepto si es un sistema esterilizador de alta

eficiencia, como los que estan usandose actualmente en la ciudad de Bertin.

C;:m este sistema, se inyecta vapor saturado a una presion que varia de 30 a 40 Iblpulg2 y a una temperatura
del orden de los 310 F . El pericdo de retencion, es normalmente de 30 a 40 minutos. Si el esterilizador
cuenta con triturador interno es posible alcanzar una reduccion de hasta un 65%. Se estima que su costo
operacional, es de un 50% del costo de la incineracién. En la figura No. 4.3, se describe el proceso de

esterilizacion.
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FIGURA 4.3. ESTERILIZACION POR VAPOR

d) Tratamientos fisico-quimicos

Esta tecnologia normalmente involucra una molienda y una inactivacion quimica de! desecho, ia cual puede
hacerse mediante cloro en forma de hipoclorite de sodio; o bien, utilizando perdxido de hidrégeno e incluso
ozono. Es mas popular el uso de hipoclorito, debido q que el costo de inversion para un ozonizador s muy
elevado, mientras que el costo de! perdxido es sumamente alto, amén de ser altamenté reactivo. La
dosificacion del reéctivo, puede ser de hasta 1500 ppm para asegurar la eficiencia del tratamiento. Esta

técnica no acepta residuos quimicos, peligrosos, partes de cuerpo, ni partes metélicas. También tiene el

DIPLOMARO [N CONTROL DE RESIDUCS CENLRADOS LN HOSPHALLS
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inconveniente de producir lixiviadgs o residuos liquidos sumamente reactivos, que normatmente requieren ser

tratados antes de disponerios en el drenaje.

El costo aproximado de operacidon gue puede alcanzar este proceso, es de 35 o0 45% del costo de la

incineracion. La reduccion del volumen del desecho puede ser de un 60%. |

En la figura 4 .4., se ilustra ei proceso antes descrito.

. FIGURA 4.4. FISICO-QUIMICO
5. ALGUNAS EXPERIENCIAS EN EL MUNDO
a) Situacién Actual en Latinoamérica y el Caribe

Una de las caracteristicas importantes de los residuos sdélidos de hospitales es su heterogeneidad,
caracteristica que es consecuencia de la amplia gama de actividades compiementarias a la atencién médica
que se desarrolla al interior de un hospital, todas las cuales, en mayor o menor grado, aportan residuos de

diversas calidades.

La compaosicion de los residuos sélidos hospitalarios puede establecerse de acuerdo a diferentes criterios de
clasificacién de componentes, segun sea la utilidad que un determinado criterio de clasificacién pueda prestar
en la resolucidn de un problema especifico. Es asi, como los diversos-componentes pueden ser clasificados
de acuerdo a su lugar de origen, a su combustibilidad, a su caracter organico, a su putrescibilidad, a su

‘peligrosidad, o bien de acuerdo a los compuestos y elementos quimicos que conforman los desechos.

DIPLOMADO EN CONTROL DE RESIDUOS CENERADOS EN HOSPITALES
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Existen diversos criterios de clasificacién propuestos o en uso-en ios paises latinoamericanos, los
basicamente diferencian los desechos de material médico-quirurgico, los desechos bioldgicos, los restos de

alimentos, los objetos cortopunzantes y la fraccion de desechos similar a los residuos municipales comunes.

Desde el punto de vista del manejo sanitario de los residuos sélidos hospitalarios, interesa especialmente

clasificar los desechos de acuerdo a su caracter infeccioso.

La separacién de algunas de las diferentes fracciones componentes de los residuos sélidos de hospitales es
. una practica comun en los establecimientos hospitalarios, si bien tal separacion se realiza frecuentemente
con el fin de disminuir los costos de manejo interno y externo de los residuos y no con el proposito de reducir

los riesgos sanitarios asociados al manejo de las fracciones infecciosas o peligrosas en general

Es practica muy corriente la separacion y comercializacion de los residuos provenientes de fa preparacion.
elaboracién y servicio de alimentos; de los papeles y cartones provenientes del embalaje de material médico,
de laboratorio o de farmacia, asi como la separacion y comercializacion de otras fracciones menores, tales
como envases de vidrio y plastico. Sin embargo, el hecho de no contarse con una adecuada practica de
separacion de la fracc_ién infecciosa implica la existencia de riesgos para la salud, tanfto del personal que

manipula estos materiales, como para la saliud de la comunidad en general.

Especial mencién merecen los objetos punzocortantes, ya que al peligro de accidentes trauméaticos que to

objetos ofrecen hay que agregar que, por su misma naturaleza y uso, con frecuencia ellos han estado en
contacto con material infeccioso y presentan, por lo tanto, dicha caracteristica. L.a separacion y embalaje
adecuado de los residuos cortopunzantes, de manera de prevenir accidentes y evitar el deterioro de los
recipientes y bolsas receptoras de desechos, resuita una practica necesaria para el buen manejo de los

residuos de hospitales.

El almacenamiento de los residuos en el lugar de origen representa la primera etapa de un proceso
secuencial de operaciones que conforman el sistema de manejo. Para ello, debe contarse con receptaculos
de tamafio, forma y material adecuados, de manera de asegurar una capacidad suficiente:un facil manejo y
limpieza y una hermeticidad acorde con los requerimientos sanitarios propios de cada zona. Se considera
6ptimo el uso de receptaculos cilindricos ¢ troncoconicos de metal o plastico rigidos, provistos de tapa y

asas, y de capacidad no superior a cien litros.

La recoleccién de los residuos desde las zonas de generacién se hace por lo general con carros de traccion
manual. Tales carros deben ser de disefio apropiado de manera de impedir el derrame de residuos y evitar
molestias innecesarias a la poblacién hospitalaria. De considerarse que es imprescindibie transitar por las

dependencias interiores del establecimiento, lo cual exige poner especial atencion a las condiciones

DIPLOMADO £N CONTROL DE RESIDUOS GENERADOS EN HOSPITALES
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higiene, rapidez y silencio de esta operacion, siendo necesario establecer programas de recoleccion con

horarios y recorridos bien definidos.

La tendencia actual en Latinoamérica y el Caribe, es la de limitar o suprimir el uso de ductos de gravedad
para e! transporte interno de los residuos debido.'fun_damentalmente, a los problemas de derrame de
residuos tanto en las tolvas de admision, como en las salas de recepcion y a la introduccién en el ambiente
hospitalario de materiales contaminantes, tales como gases y particulas, e incluso de vectores sanitarios a
través de las tolvas |las de admision, cuando ellas se encuentran en malas condiciones 0 son operadas en

forma inconveniente.

El diagndstico de la situacién actual, en cuanto a las condiciones de tratamiento y disposicion final de los
residuos sdlidos de hospitales en los paises latinoamericanos y del Caribe es incompleto, dispomeéndose en
el presente solo de descripciones parciales de la situacion imperante en algunos paises. En base a estos
antecedentes y a la informacion obtenida directamente en terreno es posible afirmar que , en un gran nimero
de casos, los residuos sdélidos de hospitales son derivados en su conjunto a la recoleccion municipal sin que
exista una separacion, en muchos casos incompleta, de los restos de.tejidos humanos generados en los

servicios de cirugia, cbstetricia y anatomia patolégica.

Ha sido practica frecuente también en los paises latinoamericanos y del Caribe el instalar, en especial en-ios
hospitaies y clinicas de gran tamafio, incineradores de grandes dimensiones con e! propdésito de incinerar en
el recinto del establecimiento la mayor parte, y en algunos casos la totalidad, de los residuos sélidos

generados.

El resultado de esta practica ha sido la instalacion de equipos sobredimensionados que, ademas de requerir
una importante inversién inicial, tienen aitos costos de operacién y mantenimiento y que en su mayoria
funcionan precariamente o han quedado fuera de uso. Cabe hacer presente ademas que el disefio original de
muchos de estos incineradores no satisface los requerimientos minimos de un incinerador de residuos

hospitalarios por lo que, ain en optimas condiciones de operacion, presentaron deficiencias graves de

funcionamiento.

-

Consecuencias de! funcionamiento defectuoso de este tipo de unidades en la emision de humos, particulas
contaminantes y malos olores a la atmosfera, con el consiguiente deterioro de las condiciones ambientales
de los sectores aledafios al hospital, y la generacién de cenizas no totalmente mineralizadas, y por lo tanto,

de dificil manejo posterior.

Existen algunas experiencias interesantes en relacidbn con sistemas de incineracion central en donde la

municipalidad ¢ alguna empresa presta el servicio de incineracién, hasta cuyas instalaciones son trasladados

DIPLOMADO EN CONTROL DE RESIDUOS GENERADOS EN HOSPIALES
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los residuos sélidos de hospitales, clinicas y establecimientos de salud para su tratamiento. Sistemas de

tipo han sido implementados en Brasil, en la ciudad de Sao Paulo y en Ciudad de México.

La incineracién central tiene la ventaja de disminuir, tanto los costos totales de inversion, como los de
operacion y mantenimiento, y de facilitar la obtencién de mayores niveles de eficiencia y de suficiencia
técnica. En contraste con lo an'terior, implica mayores costos de transpoﬁe y la introduccién de un factor de
riesgo sanitario-ambiental adicional asociado al trénsito de desechos infecciosos fuera del recinto del
hospital. Por otra parte, esta solucion solo resulta aplicable a grandes ciudades en donde la cantidad total de

residuos a incinerar permita alcanzar los bajos costos y los niveles de eficiencia buscados.

En paises como Chile y Cuba, se practica la separacién en origen de las fracciones infecciosas, las que son
incineradas, biodigeridas ¢ esterilizadas en unidades de pequefio tamafio especialmente disefadas para
tratar este tipo de residuos. Asimismo, en estos paises se promueve la separacion de los residuos
provenientes de la elaboracion de alimentos con el fin de aprovecharlos en la cria y engorda de animaies. El '

resto de los residuos, junto a las cenizas de incineracién, son recogidos por el servicio municipal.
b) Situacién Actual en los Estados Unidos de Norteamérica

La Asociacion Nacional para el Manejo de los Residuos Sdlidos, emitié un reporte sobre el estado ~ =

guardaba el manejo de los residuos infecciosos en U.S. hasta julio de 1989. Este reporte indicaba que:

« Los estados de Idaho, Mississippi, Montana, South Dakota, Utah y Wyoming no contaban con ningln

ordenamiento legislativo para el manejo de los residuos hospitalarios.

¢ En cambio, Florida, Georgia, Indiana, Maryland, Massachusetts, Michigan y Texas se estaba elaborando
un listado de métodos de tratamiento aprobados (usualmente incineracion con vapor), el cuai seria

incluido en sus respectivas legisiaciones sobre residuos hospitalarios.

-DIPLOMADO EN CONTROL DE RESIDUOS GENERADOS EN HOSPHALLS
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Situaciones Especificas

IOWA -

MARYLAND -

CAROLINA DEL SUR -

’ NEW YORK.-

Al Departamento de Recursos Naturales, |e fue solicitada la elaboracién de una lista

de todas las instalaciones que generan residuos infecciosos y las cantidades de los

"mismos. Este inventario fue terminado en 1991.

Se prohibe la disposicion de residuos provenientes de hos;mtalés y de otras

instituciones a cargo de! cuidade de la salud, en el suelo.

Existe un "Acta para el manejo de residuos infecciosos”, que establece la creacion
de un fondo para Contingencias de Residuos Infecciosos con la finalidad de atender

las emergencias que se presenten en este campo.

La legislacion permite tanto la incineracion, como la disposicién en rellenos

sanitarios de residuos infecciosos; sin embargo en la practica, ningun operador de

rellenos sanitarios permite la disposicion de residuos infecciosos en sus sitios.

Se generaban 150 ton/dia de residuos hospitalarios en el estado de New York, la
mitad de estos se incineraban en 300 incineradores en los mismos hospitales y
otras instituciones al cuidado de la salud. Comunmente estos incineradores, no
estaban contemplados en la !egiélaci()n de emisiones al ambiente, pero fueron

contemplados en 1992,

c) Situacion Actual en Japén

» Los residuos hospitalarios son considerados como especiales, por lo que requieren de un tratamiento

acorde con sus caracteristicas. Esto se aplica a los clasificados tanto industriales, como municipales.

¢ |a ley establece que el tratamiento final es la incineracién, por lo que antes de realizar este tratamiento

es necesario desinfectarlos, utilizando vapor, agua caliente a presion, o bien, oxidacion quimica.

» Se establece como temperatura minima para la incineraciéon, 800°C.

« El Ministerio de Sanidad y Bienestar, otorga dos tipos de licencia; la primera, para la operacién del equipo;

la segunda, la autorizacién al operador de dicho equipo.

¢ La Agencia del Ambiente, |la cual depende del Primer Ministro, evalua el comportamiento de ia operacion y

el cumpliimiento de la Normatividad.

DIPLOMADO EN CONTROL DE RESIBUOS GENERADCS EN HOSPHALES \
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d) Situacion Actual en los Paises en Desarrollo

Al revisar la situacién de cualquier pais, es importante considerar sus creencias religiosas y el grado de

conciencia que tengan respecto a los asuntos relacionados con la salud, sus practicas y tecnologia,

Algunas culturas tienden a mantener el minimo contacto con los residuos. Esto tiene la ventaja de que hay
menor interés de reusar y reciciar y por ello los riesgos inherentes a ciertos componentes peligrosos de los
residuos médicos son menores. Sin embargo, esa misma actitud podria desalentar a los profesionales de
vérse involucrados con el manejo de los residuos y por ello hay muy poco control sobre el aimacenamiento,
manejo y disposicion de los residuos de hospitales. Otras culturas encuentran mas aceptable reusar y
explotar los residuos y en esas culturas existe mas peligro de que los materiales peligrosos y contaminados
retornen a la econqmia. Los residuos médicos constituyen una amenaza a las sociedades que se manifiesta

de muchas maneras:

Cuando los desechos tengan un valor de reventa, debera presentarse mayor atencion a la supervision de los
desechos en todas las etapas para verificar gue los trabajadores u otras personas no vendan o permitan el
acceso a los desechos. El potencial de rentabilidad amplifica enormemente los riesgos inherentes a los

desechos médicos.

El grado de educacién sanitaria y de concientizacion sobre la higiene en el publico en general es otro fau

crucial para decidir los riesgos planteados por los desechos medicos. El publico se mostrara renuente a
emplear articulos descartados y a recurrir a personal no calificado si es consciente de los riesgos potenciales
que afronta. Sin embargo, en muchas -sociedades -aun en ias que tienen un nivel de educacién formal
elevado- existe un porcentaje significativo de analfabetos que ignoran los peligros, y son los méas expuestos a
riesgos mayores. Debera impedirse que estas personas tengan contacto con desechos médicos peligrosos

mediante un control estricto del acceso y una supervision rigurosa por parte de profesionales responsables.
e) -Situacién Actual en Otras Regiones

En Africa, algunos hospitales urbanos queman sus residucs al aire libre dentro del mismo local y las aguas
residuales a veces se tratan pero no se desinfectan. La clasificacion y segregacion adecuadas en la fuente

+

de los diferentes tipos de residuos varia de pals a pais.

La situacion en el sudeste asiatico fue reportada por el Dr. Bhide, del National Environmental Engineering
Research Institute {Instituto Nacional de Investigacién en Ingenieria Ambiental) de Nagpur India. Parece ser
que los peores problemas se dan en los peguefos hospitales pues no se percatan del cuidado especial que

se debe fener al manejar residuos infecciosos. En los grandes hospitales la situacion es mejor, sin embaron
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la clasificacién y recoleccion separada de los residuos infecciosos esta lejos de ser la adecuada. Algunos
hospitales grandes tienen incineradores pero no aceptan residuos de otras fuentes. Los residuos liquidos se
vierten al alcantarillado sin pretratamiento. Los residuos sélidos, tanto loé peligrosos como lo no-peligrosos, a
menudo se entierran juntos dentro de los terrenos del hospital. Todo el personal no profesbnal de los

hospitales, necesita urgentemente recibir capacitacién en higiene hospitalana. !

Este informe se ha preparado con la intencion de discutir los problemas antes mencionados y se presentaran

recomendaciones después de revisar las opciones disponibles.

Para expertos en esta actividad, en aigunos paises del sur o del este de Europa la situacién no es mejor que
en los paises en desarrollo, especialmente en las pequefias comunidades y en los pequefios

establecimientos de salud.

Algunos Aspectos en el Brasil.

x  Cuenta con 3 Normas Técnicas para el Manejo de los Residuos Hospitalarios o "de Servicios de la Salud",

como les denominan, dichas Normas se indican a continuacion:

- Terminologia. Con 37 definiciones.
- Clasificacion. Que clasifica a los Residuos Hospitalarios en:
x  Clase "A", Residuos Infecciosos {biolégicos, sangre, exsudados, punzocortantes, etc.) -
x Clase "B". Residuos Especiales (radiactivos, farmacos y residuos quimicos peligrosos)
x  Clase "C". Residuos Comunes (Residuos no-peligrosos, semejantes a los residuos domesticos y
municipales)
- Procedimientos dentro del Hospital, para la segregacion, acondicionamiento, colecta interna,

almacenamiento interno y externo y caracteristicas del area del almacenamiento.

Como se observa, no existe ninguna norma que oriente las acciones en materia de tratamiento y
disposicidn final, aunque existe una norma que establece los requisitos para incinerar residuos peligrosos.
Es por ello tal vez que actualmente se emplean direferentes técnicas para el tratamiento de los residuos
antes de su disposicién final, predominando preferentemente la incineracion y la esterilizacion como

segunda opcién, aungue también es cierto que el tratamiento via microondas, tiene buena aceptacion.

Conceptos Generales en Francia para el Manejo de Estos Residuos

Existen tres tipos de eliminacion de los desechos de riesgo:
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x  incineracion in situ, es decir en una instalacion en el seno mismo del hospital;
x  incineracion en una planta de desechos domésticos, siempre y cuando ésta esté adaptada especifica para
N

tal efecto;

x  incineracidon en una instalacién centralizada especifica para desechos hospitalarios.

Incineracion In Situ

La éolucién a la cual recurren mas seguido los hospitales, alegando {)rincipaimente razones de costo (alrededor
de 1,200 a 1,500 francos por tonelada), son generalmente, tas instalaciones in situ. Originan no obstante graves
perjuicios, por diferentes razones: por lo general, los hornos de los hospitales son de baja capacidad, mferior a 1
‘tonelada/hora. Tienen un funcionamiento ciclico que provoca choques términos y contaminacion en cada
encendido. El tratamiento de humos es un proceso poco eficaz {ausencia de post combustion). La temperatura

inferior a 750°C, es insuficiente.

Incineracion en las Plantas de Desechos Domésticos

S

La segunda cpcién ofrece garantias mas amplias que la anterior en términos de salud publica y de proteccion
de! medio ambiente. Es una posibilidad mencionada en el decreto del 9 de junio de 1986, el cual especifica
la admision de desechos hospitalarios contaminados esta sometida a prescripciones especiales y que debe

autcrizada por decreto prefectoral.

Actuaimente, son pocas las instalaciones de incineracién de desechos domésticos gue estan autorizadas a

incineracion de desechos domésticos que estan autorizadas a incinerar desechos hospitalarios de riesgo.

Incineracion Centralizada Especifica

La elimiacion de los desechos hospitalarios de riesgo en instalaciones centralizadas parece ser mas satisfactoria

en materia de protecciéon del medio ambiente y de la higiene,

]
La creacion de una instalaciéon centralizada, de gran capacidad, y especifica para este tipo de desechos
«  representa una inversion muy fuerte. Por lo tanto, resulta indispensable realizar un estudio minucioso del
. [)
yacimiento de los desechos y, eventualmente, prever la rentabilidad de la instalacion mediante la aportacion

adicional de otros desechos industriales.

Se pueden considerar dos tipos de instalaciones centralizadas:
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x  Un homo especifico para los desechos hospitalarios, al lado de una planta de incineracion de desechos

domesticos con el tratamiento conjunto de los humos.

x  La construccién de una verdadera instalacion auténoma, con su propia instalacién de tratamiento de

humos.
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INTRODUCCION

Las instituciones encargadas especificamente de la atencién de la salud son de tres tipos. En primer lugar
para la poblacién abierta se tiene la Secretaria de Salud, la Direccion General de Servicios Médicos del
Distrito Federal y el Sistema Nacicnal para el Desarrolle Integral de la Familia. En segundo lugar, para la
poblacién asegurada, se cuenta con el ISSSTE, el IMSS y otras instituciones de seguridad social (PEMEX,
SDN y SM). Finalmente, se tiene la medicina privada.

Los criterios para clasificar las unidades por nivel de atencién a la salud varian segun las instituciones,
aunque en términos generales se considera como primer nivel cuando la unidad otorga exclusivamente

consulta externa; segundo nivel cuando ademas de la consulta se cuenta con los cuatro servicios béasicos de

'hospitalizqcic’m {medicina interna, pediatria, cirugia y gineco-obstetricia); y tercer nivel cuando a lo anterior se

~ agrega cualquier servicio de hospitalizacion especializada, asi como instalaciones de investigacion.

Los residuos sélidos generados en hospitales y establecimientos de salud, presentan riesgos y dificultades
especiales en su manejo debido, fundamentalmente, al caracter infeccioso de algunas de sus fracciones
componentes. Contribuyen también a acrecentar tales riésgos y dificultades, la heterogeneidad de su
compbsicic’m, la presencia frecuenie de objetos punzocortantes y la presencia eventual de cantidades
menores de sustancias téxicas, inflamables y radiactivas de baja intensidad. No obstante to anterior, la mayor
parte de los residuos que produce un hospital no ofrece mayores peligros que los asociados a los residuos

municipales comunes.

Los riesgos arriba mencionados involucran en primer término, al personal que debe manejar los residuos
solidos tanto dentro como fuera del establecimiento, personal que de no contar con suficiente capacitacién,
entrenamiento, equipo y herramientas de trabajo o de elementos de proteccion personal adecuados, puede
verse expuesto a gérmenes patdgenos o a ia accidn de objetos punzo-cortantes, tales como agujas de

jeringas, trozos de vidrio o bisturies.

No menos significativos son los riesgos que pueden llegar a afectar al resto de la poblacién hospitalaria y, en
particular, al grupo constituido por aguellos pacientes en especial riesgo de contraer infecciones como
consecuencia de la exposicion a agentes patdgenos, cuando el manejo de estos residuos se realiza en forma

inadecuada.

La implementacion de la norma referente al manejo de los residuos sélidos generados en unidades médicas,
plantea la necesidad de que esias instalaciones lleven a cabo una evaluacidn de cuantificacion vy
dimensionamiento de la cantidad de residuos sélides que deberan considerarse dentro de un manejo integral

en instalaciones de salud.
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OBJETIVO GENERAL

Desarrollar una metodologia que permita, como primera instancia, cuantificar e identificar los diversos tipos
de residuos generados en unidades médicas, y posteriormente establecer una logistica para el manejo
integral de los residuos sdlidos biolégico-infeccioso, especiales y municipales, con la finalidad de establecer

estrategias economicas que permita dar atencion a las necesidades, que demanda el manejo de este tipo de

residuos. ’
1. indices de Generacién
1.1 Antecedentes

De primordial importancia para abordar cualquier programa de contral de las situaciones de rnesgo derivadas
del manejo inadecuado de los residuos solidos de hospitales, es el caracterizar cualitativa y cuantitativamente

el problema.

Ello permitird dimensionar los espacios fisicos necesarios para manejar los diferentes tipos de desechos,
decidir acertadamente acerca de que alternativas técnicas utilizar para el tratamiento de cada una de las

. fracciones componentes y seleccionar tos equipos y dispositivos mas convenientes para tal proposito.

Lamentablemente la informacion disponible a este respecto es aln insuficiente en la mayoria de los casos, y
la escasa informacidén existente es, en ocasiones, poco confiable o limitada en su apiicacion a situaciones
particulares, ello ha conducido a la adopcidn de soluciones que la experiencia ha demostrado posteriormente
que eran inadecuadas y, como consecuencia de ello la agudizacion de situaciones de riesgo, como las ya

antes referidas.

De ahi la importancia de desarrollar una mefodologia gque permita un adecuado manejo de los residuos
solidos generados en unidades médicas, tanto de los residuos biologico-infecciosos como de los residuos

municipales, los cuales representan el mayor porcentaje de la generacion en unidades médicas.

A |a fecha se han realizado una serie de estudios de generacién de residuos en diversos hospitales de cada
uno de ios niveles de atencidn, los cuales han permitido conocer algunos de los indicadores basicos de los
residuos generados en este fipo de establecimientos. Cabe mencionar que a partir de estos estudios se
pudo conocer que existe una gran diversidad en la composicion de los residuos, asi como ia cantidad que se

genera, originando por el numero de pacientes y el tipo de servicio que se ofrece.
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1.2 Generacion de Residuos Sdlidos

La cantidad de residuos sélidos generados en un establecimiento hospitalario estd en funcion de las
diferentes actividades que en él se desarroilan y en consecuencia dépenderé, entre otros factores, de la
cantidad de servicios médicos ofrecidos en el establecimiento de salud, del grado de complejidad de la
atencion prestada, del tamafio de la unidad médica, de la proporcién de pacientes externos atendidos y de la
cantidad de personal ‘que labora en las instalaciones; no resulta facil e;tablecer relaciones que permitan
estimar la cantidad de residuos sélidos producidos por un establecimiento hospitalanoc en funcion de tal

diversidad de factores.

Lo anterior ha conducido a relacionar la cantidad de residuos sélidos generados diariamente con él nomero
de camas sensables del establecimiento, para el caso de las unidades médicas de segundo y tercer nivel,
para las unidades de primer nivel, la relacion se ha enfocado hacia el numero de consultorios, lo mismo seria
para las veterinarias, consultorias o particulares, etc. Obteniéndose asi cifras que si bien pueden estar

sujetas a cierto grado de imprecision, son de facil manejo y aplicabién.

Las cifras promedio obtenidas en diversas instalaciones de unidades médicas para la generacion per capita

fluctia de ia siguiente manera:

FUENTE GENERADORA GENERACION UNITARIA

U.M. de 1er. Nivel
- Con laboratorio 1.279 kg/consultorio/dia
- Sin laboratorio 0.998 kglconsul'torioidia
U.M. de 20. Nivel 4.730 kgfcama/dia
UM, de 3er. Nivel 5.390 kg/camaldia
Laboratorios Privados 0.580 kg/empleado/dia
Veterinarias Privadas 1.700 kg/empleado/dia
Tabla 1

Adicionalmente a los indicadores unitarios referenciados al total generado en un hospital como es el
kg/camaldia, resulta de interés y de suma importancia para e! disefio de un sistema de manejo interno
conocer |os indices. de generacion por area, la experiencia nos ha permitido establecer diferentes indices
tanto por area como por dia de la semana. Estas variaciones se deben al tipo de servicio que se prestay a

los pacientes atendidos diariamente. Las fluctuaciones mas grandes son en consulta externa, mientras que
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en Hospitalizacion las diferencias son minimas. En la tabla que a continuacion se presenta se puer -

observar los indices de generacion en algunas areas.

AREA GENERADORA INDICES DE GENERACION PER CAPITA
Consulta Externa 0.064 kg/paciente atendido/dia
Hospitalizacion ‘ 1.165 kg/paciente hospitalizado/dia
Laboratorios ' 0.121 kg/muestra analizada/dia

Tabla 2

Dicha tasa de generacién tiende a aumentar con el tiempo. Tal comportamiento coincide con la evolucién

mostrada en paises desarrollados.

Las principales causas de este progresivo aumento en la tasa de generacidn de residuos solidos
hospitalarios son el continuo incremento de la complejidad de la atencién médica vy el uso creciente de

materiales desechables.

1.2.1 Comportamiento semanal de la generacion por area

En los muesireos realizados a las diversas unidades médicas, se detectd que el comportamiento de la
generacion era diferente durante todos los dias de la semana, en las diferentes areas que conforman estas
instalaciones (fig. 1 ala 7). Esta situacion plantea la necesidad de llevar a cabo evaluaciones en cada una de
las unidades médicas con el cbjeto de determinar los indices de generacion diaria, tante de los residuos

biologico-infecciosos como de los éspeciales, asi como de los municipales.

Como puede observarse, existe un decrecimiento en fa generacion el fin de semana, situacidon que se
presenté en las areas de servicios complementarios, laboratorios, oficinas de gobierno. Por lo gue respeta al
area de asistencia médica, se presenta una baja produccién de residuos el fin de semana, sin embargo, en el
area de cuartos de hospitalizacidn la generacion se mantiene practicamente estable durante toda la semana,
el area de suministro y preparacion de alimentos, reduce su generacion el fin de semana, debido a que gran

parte del personal que labora realiza sus actividades entre semana y consume alimentos en este periodo.
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GENERACION PROMEDIO POR AREA GENERADORA

CUARTOS DE
HOSPITALIZACION
14 37%

LABORATORIOS
B.20% .

SERVICIOS
COPLEMENTARIOS
20.46%
~ SUMINISTRO Y
PREPARACION DE
ALIMENTOS OFICINAS DE ASBT%";%‘:V’:"ED'CA
44 50% GOBIERNO ¥ :
DIVISION DE
ENSENANZA
1.75%
Figura 8
1.2.2 ‘ Peso volumétrico “in-situ” por area generadora
AREA PESO VOLUMETRICO PROMEDIO
] KG/M®
Asistencia Médica : 99
Servicios Complementarios 83
Cuartos de Hospitalizacion 110
Laboratorios : 68
Suministro y Preparacion de Alimentos 260
Oficinas de Gobierno y Division de Ensefanza 58
TABLA 3

Cabe sefialar que en el almacenamiento central, el peso volumeétrico a considerar debera contemplar un

factor de incremento de 1.40 situacién que obedece al acomodo que se da a los residuos por parte del

personal de intendencia.
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1.2.3 Composicion fisica por area generadora
SUBPRODUCTOS . ASIST. SERV. CUARTOS |LABORATOR S. YP. OF. GOB. X
MEDICA COMP. HOSP, 105 ALIM. DIV. ENS.
Abatelenguas/ 0.28 G.14 0.16 0.05 0.00 . 0.10 0.12
Algodén . 215 0.05 0.80 0.38 0.00 0.25 0.61
Carton 7.33 22.59 7.86 9.1 2.74 10.84 1008
Desechos alimenticios 2.68 4.51 5.91 0.47 77.18 375 1575
Desechos finos (criba # 10) 0.00 0.00 0.004 0.00 0.00 0.00 0.0007
Desechos de jardineria 0.05 0.00 0.52 0.22 0.02 0.37 020
Envases de cartdn encerado 1.14 0.03 073 - 0.00 3.12 020 087
Fibra sintética 0.02 117 .02 0.14 0.14 025 029
Gasas 3.08 2.07 241 215 000 0.81 1.75
Hueso 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00
Hule 0.00 1.04 0.16 0.72 0.00 0.24 0.36
Jeringas desechables 2.88 0.24 2.93 1.30 0.00 Q.31 1.28
Lata 0.08 017 0.04 0.00 2.32 000 044
Madera 0.72 0.69 0.03 0.52 0.03 0.06 034
Material ferroso 0.53 6.29 056 0.27 0.35 0.7¢ 045
Material no ferroso 0.18 0.26 0.03 0.07 0.00 0.14 0.11
Paiial desechable 254 0.00 8.95 0.00 0.00 0.52 2.00
Papel 31.32 40.88 25.00 43.71 6.93 62.33 35.0.
Papel metalico 0.00 0.04 0.02 0.70 0.08 0.09 0.16
Piezas dentales 0.00 © 0.00 0.00 0.00 0.00 0.00 0.00
Placas radiclégicas 0.74 0.04 0.00 0.00 0.03 0.00 0.14
Ptastico pelicula 6.20 3.69 4.61 2.64 1.03 2.40 343
Plastico rigido 6.80 3.06 12.56 6.70 289 261 577
Poliestireno expandido 0.74 1.7 0.17 .75 0.22 347 1.18
Poliuretano 0.00 0.00 0.00 0.00 0.00 000 0.00
Tejido organico 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toalla sanitaria 207 0.13 2.55 0.08 0.00 1.40 1.04
Trapo 0.54 3.35 0.50 0.06 0.003 0.51 0.83
Vendas 1.96 0.00 0.09 0.00 0.06 0.00 0.34
Vidric de color 4.94 1.94 4.25 8.63 0.11 0.95 3.47
Vidrio transparente 19.41 7.7 17.81 18.09 0.95 3.67 11.27
Yeso ortopédico 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cuero 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Loza y ceramica 0.06 0.00 0.00 .13 0.73 0.39 0.22
Varios 1.55 420 1.33 3.1 1.1 3.65 249
Tabla 4
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La importancia de conocer el tipo de residuos y la calidad que se genera por area, radica en el hecho de

poder establecer el tipo y el nimero de contenedores a emplear por area. asi mismo definir las rutas de
recoleccion y finalmente poder dimensionar el sistema de tratamiento a considerar. En Ia tabla 4 se puede
apreciar que la mayor parte de los residuos que se tienen caracterizados, son los considerados como

municipales.

1.3 Clasificacion de los résiduos

Una clasificacion adecuada de ios residuos que se generan en un centro de atencion a la salud permite que
su manejo sea eficiente, econémico y seguro. La clasificacion facilita una apropiada segregacion de los
residuos, reduciendo riesgos sanitarios y costos en el manejo de los mismos, ya que los sistemas mas

.seguros y costosos se destinaran solo para la fraccion de residuos que lo requieran y no para todos.

. Los diversos componentes pueden ser clasificados de acuerdo a su lugar de origen, a su combustiblidad, a
su caracter organico, a su putrescibilidad, a su peligrosidad, o bien de acuerdo a los compuestos y
elementos guimicos que conforman los desechos. Existen diversos ‘criterios de clasificacion propuestos,
segin sea la utilidad que un determinado criterio de clasificacion puede prestar en la resolucion de un

- problema especifico.

Con el objeto de facilitar el manejo de los residuos generados en unidades médicas, en esta propuesta se

presenta una forma sencilla y praciica de clasificar los residuos solidos de acuerdo a sus caracteristicas (Fig.

Ne. 9).
RESIDUOS
GENERADOS EN
UNIDADES MEDICAS
BIOLOGICO
MUNICIPALES
INFECCIOSOS ESPECIALES
RECICLABLES REcHAza RADIOACTIVOS FARMACEUTICOS QUIMICOS

—

MATERIALES DE PUNZO
CURACION BIOLOGICOS CORTANTES PATOLOGICOS
Figura No. 9
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Tomando como criterio el riesgo para la salud, considerando los puntos de generacion y los tipos de

tratamiento y disposicion final que se debe dar a los residuos, éstos se clasifican de |la siguiente manera:
Residuos municipales (no peligrosos). son los generados en areas donde no se tiene contacto con pacientes.

Aguellos originédos por las actividades administrativas, auxiliares y generales, que no representen peligro
para la salud y sus caracteristicas son similares a los residuos domésticos comunes. Pueden manejarse
como los residuos municipaies y aunque en algunas otras clasificaciones no los consideran por ser similares
a los domésticos. En esta propuesta se incluyen porque comprenden la mayor proporcion de los residuos
generados en unidades meédicas y por lo tanto deben contemplarse dentro del programa integral de manejo

interno y externo de los residuos originados en centros de atencion a la satud.
Dentro de este grupo podemos encontrar los siguientes tipos de residuos:

+ Reciclables. son aguellos que pueden ser transformados en nuevas materias primas para incorporartos a
los mismos procesos productivos para los que fueron creados o bien a procesos alternos para crear otros

bienes de consumo.

e Rechazo. Es todo aquel residuo que por no presentar utilidad, beneficio o potencial de recuperacion, dr

ser enviado a un sitio de disposicion final.

Residuos biologico-infecciosos (peligrosos). Son definidos como todos aquellos residuos en cualquier estado
fisico, generados en cualquier unidad médica, que por su caracter biclogico-infeccioso representan un peligro

para el equilibrio ecologico y salud ambiental.
Estas se pueden agrupar en cuatro categorias, mismas que precisan diferente manejo.

« Materiales de curacién y miscelaneos. Incluye todos los materiales que hayan estado en contacto con los
pacientes, tales como vendas, apositos, gasas, algoddn, compresas, hisopos, equipo para venoclisis
{excepto agujas), sondas, bolsas y frascos de recoleccion de fluidos, guantes, cubrebocas, gorras, ropa

quirurgica desechable, etc. .

* Residuos biologicos. Que incluye tanto residuos microbiologicos como liquidos corporales y heces,
originados en la toma de muestras de pacientes. También se considera el material generade por la
experimentacion con animales de laboratorio: Incluyendo muestras de sangre, heces y otros fluidos.

Adicionalmente involucra cajas de petri desechables y cepas.
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24/7/97-INDICA DOC . . %O



: INDICADORES v PARAMETROS PARA [I CONTROL -
DI, RESIDUOS SOLIDOS TN ESTABLLCIMIENTOS DL SALUD

14

Punzocortantes. Tales como aguias hipodérmicas, jeringas, pipetas Pasteur, tijeras, hojas de bisturi y de
rasurar, cristaleria, etc., que hayan estado.en contacto con pacientes humanos y animales durante el
diagnoéstico, tratamiento o investigacion. Tambien deben incluirse aquellos objetos punzocortantes que no
hayan sido utilizados, pero que tengan que ser desechados por estar en mal estado o cuando se hayan

contaminado.

!

Patolégicos. Incluye partes del cuerpo humano o animal, érganos, tejidos, biopsias etc.

Residuos especiales. Son aguellos que por sus caracteristicas de composicion y naturaleza, requieren de

un manejo y tratamiento especializado. Entre otros se encuentran:

Residuos radicactivos. Estos residuos son clasificados de acuerdo a su tipo y radioactividad. Involucra
cualquier tipo de material empleado y desechado de procesos donde se emplee radioactividad.
Residuos farmacéuticos. Incluye los farmacos caducos y/o en mal estado o contaminados, que deben

eliminarse. Pastillas, suspensiones, soluciones inyectables, etc.

Residuos quimicos. Incluyen reactivos analitico y sustancias utilizadas en los procesos de diagnostico, y

tratamiento de los pacientes (Quimioterapia).

Clasificacién de dreas generadoras

De ia misma manera, que es importante conocer el tipo de residuos generados en unidades medicas, para su

adecuado manejo, resulta primordial conocer las diversas areas que generan este tipo de residuos con lo que

se estara en posibilidad de disefiar las rutas de recoleccion interna y cuantificar la cantidad de contenedores

y bolsas necesarias, para et manejo interno.

La clasificacién que a continuacién se presenta (Fig. No. 10) se ha podido definir de la experiencia de varios

hospitales, los cuales se han podido visitar, y analizar la distribucion de las &reas generadoras de residuos

peligrosos y no peligrosos, al realizarse un analisis especifico, esta distribucion seguramente tendrd.

variaciones.
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DIAGRAMA DE AREAS GENERADORAS DE RESIDUOS

RESIDUOS BIOLOGICO-INFECCIOSOS Y ESPECIALES

l l ] Y Y Y ¥ Y y
CODRODINACION DEL COORDINACION DE COORDINACION G e COURDINACION DE COORDINACION DE COORDINACION DE COURDINACION DE CODRDINACIONOE
SERVICIO EXTERNO A SERVICIOS MEDICOS CIRUGHAS T DIAGNDSTION ¥ SERVICIOS DE SERVICIOS 0€ SERVICIOS OE BANCO SERVICIOS DE SERVICIOS DE
DOMICILIG DE ESPECIALIDADES TRATAMIENTC PEDIATRIA ENFERMERIA PE SANGRE MEDICINA CRITICA GINECOLOG 1A
,
L . Y
CENTRAL DE ESTERH NUTRICION PARENTERAL CLINCA DE DISPLASIAS
ESCOLARES CLINGA DE HEMOF-,

ALERGOLOGIA ANESTESIOLOGIA ANATOMIA CEMETICA MEDICA LIZACION ¥ EQUIPOS LiA TRANSFUCIONES CLEMADOS GENECOLOGIA
CARDIOLOGHA CIRUGIA CARDIOVASCLLAR PATOLOGIA o DE ATENCION AL TERAFIA INTENSIVA PERINATOLOGIA
DERMATOLOGIA CTOLOGHA INFECTOLOGLA PACIENTE FARMACIA LRGENCIAS ADULTOS

CIRUGLA EXPERIMENTAL MEDIGINA PARINATAL URGENCIAS
ENDOMATOLOGIA GRUGIA EXTERRA ELecTROFisioLoGI 1| e OBSTETRICIA
ENDOCRINOLOGIA 1 GRUGIA MANILOFACIAL FONIATRIA ¥ ALDIOLOGIA Fhasaby
GASTROENTEROLOGIA | | Sn i PECHATRICA LABORATORIO PEDIATRICA
HEMATOLOGIA CIRUGIA RECONSTRUCTIVA MEDICINA UNIDAD DE CUIDADO
MEDICINA INTERNA CLINCA DEL DOLOR FISICA NEONATAL
NEFROLOGIA ENDOSCOPA MEDICINA NUCLEAR
NELROLOGIA NELMOLOGIA MEDICINA PREVENTIVA
PSIOUATRIA OFTALMOLOGIA RADIOLOGIA E IMAGEN
REUMATOLOGIA ONCOLOGIA BIOTERID

GTORRINGLARINGOLOGIA

TRAUMATOLOGIA ¥ ORTOPEDIA

UNIDAD DE TRANSPLANTE

LROLOGIA
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I ADORES Y PARAMLIROS PARA 11 CONIROI
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RESIDUOS MUNICIPALES

R

l

\d ¥
COORDINACION DE
COORDINACION DE COORDINACION DE COORDINACION DE
COORDINACION DE SERVI- reagpomacion e | - INGENIERIA BIOMEDICA ¥ i laliald RECURSOS ENSERANZAS E
CIOS GENERALES 'S HUMANGS MANTENIMIENTC NEORMACION MATERIALES INVESTIGACION
ARCHWO ¥ COORESPON: RLAA
DENCIA INTENDENCIA Y CONTROL PRESUPLESTAL
LIMPIEZA SUBRDGADA
TRANSPORTES
ROPERIA
ADMINSTRACION
ANEXOS A Y Y Y
ADMINSTRACION
ABASTECIMIENTO ENSERANZA
ESTACIONAMIENTG CONTROL DE REGISTRO controL be ouros € | | vesniaasion
VIGILANCIA E INCIDENGIAS COMSERVACION ¥ BIOESTADISTICA ¥ MVESTIGACION
NOMINAS MANTENIMIENTO ARCHVO INFORMATICA INSTRUMENTAL MEDICG BIBLIOTECA
PLANTILLAS ¥ INGEMERIA BIOMEDICA m’fs DIBLUO MECAN.CO
MOVIMIENTOS M':;;OGGAWIA
I
Figura 10
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2. IMPLEMETACION DEL PROGRANMA

21 Estudio inicial de caracterizacion de los residuos solidos

La cantidad y calidad de residuos que producen una unidad .médica, es reflejo del tipo de servicio que ofrece
y en muchas ocasiones de las especializaciones que tiene. De aqui se ‘desprende, que para disefiar un
sistema de manejo en este tipo de instalaciones es necesario caracterizar aproptadamente los residuos que
en ella se generan, como ya se habia mencionado, y € porcenta}e de residucs infecciosos, especiales y

comunes, su cantidad actual y proyectada, asi como la composicion de cada uno de ellos.

Para lo cual es importante desarrollar un estudic de generacion de residuos sotlidos, el cual debe ser
realizado por areas generadoras, las cuales deben ser catalogadas como factibles de realizar separacion de
residuos peligrosos biolégico-infeccioses y municipales, o no llevar a cabo esta separacion por cuestiones

operativas.

La verificacion de los tonelajes producidos por unidad médica debera realizarse en diferentes periodos
durante el afo. Persiguiéndose en este tipo de evaluaciones dos objetivos fundamentales: el primero
determinar la cantidad de residuos generados en estas instalaciones y el segundo evaluar el nivel de

separacion en las diversas areas generadoras.

2.2 Lineamientos para la supervision y control del programa de manejo de residuos en
estabilidad de salud

Es convenienté sefalar que el aplicar y controlar un programa de separacion de residuos generados en
establecimientos de salud, como lo establece la norma NOM-087-ECOL-1995, demanda una serie de
acciones previas para el buen desempefic de cualquier programa, entre estos esta la integracién de un grupo
de especialistas que sean los encargados de la implementacion y supervision del programa de manejo
integral de residuos solidos. Este grupo debe estar dedicado exclusivamenté a las actividades involucradas
con el programa, de ninguna manera debe quedar esta responsabilidad en el area de servicios generales, ya
'que se correria el riesgo de que el cumplimiento del programa se siga viendo como una mas de las
actividades que debe atender el departamento de mantenimiento. Como se menciond, e! instituir este grupo

conformado por diversos especialistas permitird atender adecuadamente los siguientes rubros.

e Sanidad

¢ Control de calidad y sanciones

¢ Capacitacion .

s Generacion de residuos por area

+ Mantenimiento de equipo e instalaciones
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A partir de la conformacién de este grupo el siguiente paso seria, lievar a cabo la capacitacion del personal

de intendencia, administrativo, médicos y enfermeras con la finalidad de que cada uno conozca su
responsabilidad en el programa. Esta funcion debe quedar permanente para los empleados de intendencia,
una vez precisada esta actividad se estara en posibilidad de realizar una rotacién del personal, el cual debe
obedecer a la destreza y capacidad para realizar su trabajo, manteniendo como prioridad las areas
generaderas de residuos biologicos-infecciosos, es fundamental que una vez definido el sistema de manejo:
interno se realice un estudio de tiempos y movimientos, e!lcual aportara los rendimientos promedio por

actwidad involucrada en el mangjo interno.

Este tipo de estudios permitird evaluar si es necesario contar con mayor ndmero de personal, situacién

comun en muchos hospitales, por lo que los programas de separacion no se operan conforme a lo planeado.

Otra actividad que reviste una importancia fundamental, es el implementar un contro! de peso de los

residuos, tanto biologicos-infecciosos como de los residuos municipales.

Contemplandose en esta punto la verificacion de la cotrecta separacion de |os residuos en las diferentes
areas de la unidad, por lo que seria fundamental que las bolsas o recipientes contaran con claves que
permita identificar el &rea generadora y poder sancionar el personal que no cumpla con las dlsposmlones

sefialadas.

No hay que olvidar que de no lograrse un adecuado nivel de 'separacion, se vera incrementado

substancialmente el costo que demanda la aplicacion de la normatividad en cuanto a tratamiento.

El aspecto econémico reviste una importancia fundamental, por lo que el contar con un grupo especifico de
personal que atienda el manejo de los residuos red|tuara en ventajas economicas, y evidentemente en el

cumpltmlento de la normatividad.

Otra actividad que debe contemplarse, es la realizacién de planes de contingencia, lo que permitiria actuar
inmediatamente para resolver la emergencia, por lo que es de gran apoyo el realizar manuales de
responsabilidad en los cuales se sefiale con claridad el ambito de responsabilidad det persona! de acuerdo al

area donde parte sus servicios, evaluando el riesgo potencial de los trabajadores.

El especializar esta actividad permitira por un lado, se garantice la seguridad del personal gue participa, asi
como se logrard- garantizar que los residuos municipales que finalmente son competencia de las
municipalidades sean entregados sin contener residuos considerados como peligrosos, esta situacién de

control y verificacion sera una accion que deberan implementar ias autoridades, las cuales deben ejercer una
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supervisién de la composicion fisica de los residuos municipales, que seran depositados directamente a los

sitios de disposicion final.
2.3Dimensionamiento de los Sistemas de Almacenamiento

A partir de la informacién aportada en los estudios de generacion de residuos sélidos se calculo las areas
requeridas para almacenar los diferentes.tipos de residuos, ademas de realizar una propuesta del sitio de
almacenamiento central, cabe mencionar que la norma NOM-087-ECOL-1995 no detalla las especificaciones
técnicas que debe reunir este tipo de instalaciones, por lo que resulta de interés, el realizar un disefio que
permita almacenar los residuos biolégico infecciosos, residuos comunes, subproductos reciclables, en un

mismo lugar.

El concepto planteado en este trabajo se basa en contar con una instalacién central gue cuenta con una serie

de espacios y equipamiento que garantice un manejo ordenado y seguro.

El aimacenamiento central contara con las siguientes areas:
v Area de residuos municipales

Se contara con un anden, en el que se colocaran 2 contenedores, 10s cuales tendran una capacidad
m®, ios residuos municipales seran vertidos directamente a los contenedores, lo que evitara se tenga que
realizar la descarga a piso, lo que origina que los operadores de la recoleccion tengan que levantar los

residuos vertidos.
v Area de residuos biolégico-infecciosos

En esta area se instalé una camara de refrigeracion. Es importante sefialar que contara con un acceso
para el personal de intendencia y salida de los contenedores, para ser cargados en el camion recolector
especial, antes de ser entregados al vehiculo recolector especial, antes de ser entregados al vehiculo

recolector se pesaran los mismos.
v Area de residuos alimenticios

Con el objeto de evitar que en la zona de almacenamiento existan olores desagradables y moscas, los
residuos provenientes de la preparacion de alimentos constituyen un porcentaje importante en la

generacion de las unidades médicas y son generados practicamente durante el transcurso del dia.

Por lo que en muchos lugares, los residucs son llevados al almacenamiento central continuamente, es

esto que se contempla que estos residuos permanezcan dentro de la camara fria en espera de ocr
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depositados en un contenedor que transporte exclusivamente residuos alimenticios, o bien se canalicen

como alimento para animales.,
v Area de residuos aprovechables

Se destinara una zona del almacenamiento central para almacenar temporalmente los subproductos
reciclables, con este sistema se espera que la comercializacidon de subproductes se realice con

" volumenes quée permitan abatir los costos de transporte.

En la tabla 5 se presenta [a generacidn por area y por tipo de subproducto, para este ejercicio se considerd
una generacion unitaria de 1 tonelada.

A partir de la informacion presentada se realizd un analisis que permitira dimensionar los volimenes y area
necesarios para ser considerados en el disefio del almacenamiento central, el cual se presenta de manera
esquemdtica en la fig 11.

Las principales caracteristicas técnicas del area de almacenamiento se describen a continuacion:

¢ Contar con elevador de carga o rampa de acceso a ia zona de andenes.

« Pendientes del 2% en sentido contrario al acceso de las diversas areas.

+ En el anden de descarga se colocara un tubo perimetral para apoyar los contenedores y venirloé
dentro del contenedor, para evitar que el contenedor caiga en el depésito.

»  Sistema de agua y vapor para limpieza de contenedores.

¢ lluminacion tipo industrial en toda el &rea de almacenamiento.

» Establecer programas de desinfeccion y fumigacién en la zona.

» Los contenedores de municipales deberan ser cubiertos para su traslado.

s Extinguidor

« Camara fria

¢ Sefalamiento

+ Sistema de comunicacién interno

+» Debe estar techada la instalacion en su totalidad
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GENERACION POR TIPO DE RESIDUOS

Generacion Residuos ?IO'OQICO Residuos Municipales
Infecciosos
% kg % | kg | PV [Vol| % kg | PV | val.
(m°) (m?)
Suministro y Preparacion de Alimentos 446+ | 448 20 802 | 150 | 0.8 80 356.8 | 260 14
Servicios Complementarios 205 | 205 0 0 1501 O 36.5 74.9 83 0.9
Cuartos de Hospitalizacion 14.4 | 144 30 432 1150 | 0.3 70 1008 | 110 0.9
Asistencia Médica 107 | 107 30 321 | 150 | 0.2 70 74.9 99 0.8
Laboratorios 8.2 82 100 82 150 | 0.6 0 0 68 0
Oficinas de Goblgrno y Division de 16 16 0 0 150 | o 100 16 58 03
Ensefanza
TOTAL 24.6% | 2465 | 150 |1.65| 75.4% | 623.4 - 4.3
Tabla 5
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RESIDUDS SOLIDOS HOSPITALARIOS '
Definicidn:

Recibe el nombre de resicuos sdlidos hospitalarios el conjunto de materia
orpdnica e inorginica qu: se desechan en el cumplimiento de todas las fun-
ciones que se realizan er un establecimiento hospitalario.

Inadecuacidn del Servicic:

Las deficiencias existentes en relacidn al manejo de los deshechos se
debte principalmente 2 que no se cuenta con una reglamentacidén ¢ aplica-
cion de -criterios que garantice por una parte que la recoleccidn, el
almacenamiento y la disposicién de los re51duos s6lidos esté de acuerdo

a la calidad de los miswo=, y por la otra que velan por la seguridad
de las personas que concurren al hospital.

Generalmente tamprco se cuentan con equipos, ni personal adiestrado para

el manejo eficieni : y sanitario de los diferentes tipos de deshecho. Lla

gran cantidad de deshechos s6lidos y la diversidad de su calidad es causa
continua de problemas econdmicos, adminiestrativos y de saneamiento.

Ll control de la infccecidn v la contaminazcidn microbiolfgica preccupa no
sGlo al personal médico sino también al no médico de los hospitales.
Eeta preocupacidn es un toco sorprendente ya que ha transcurrido mis de

tn slgle desde que se tienen claros cnnceptos de saneamiento y ascepcia
hospitalaria.

¢ For qué es necesario volver & aprender constantemente 14s ieyes basicas
de microbiologié y no cturre lo misme con las de quimica, fisica, grama-
tica ¢ historia?. 5i lc: princirilos de saneamiento introducidos hace un
sigle todavia tienen valicez, se les debe aprender r poner et prdctica

de una vez y para siempre. Se deberia acaber con las interminables con-
ferencias de introducciln, eimposios y seminarios en todas las convencio-
nes de ingenieros, persvnal de limpieza, enf{ermeras, adziuis:traderes vy
demds,

Otra cosa es la redefiniciin constante de los principios de saneamientc
embiental a 1la luz de le précrica médica moderna v de sus denandas, co-
wo por ejemplo, cirugia & cielv atlerto, transplante de Srgczos y radia-
cionmes lonizantes. En lo: hospitales todaviz hay intenciones y serias
deficiencias de saneamiento.

HistSricamente, el médicc conocia todas esas cosas y en 1a actualidad
sabexucho acerca de ellar, perc no el ingeniero ni el encargado de lim-
pieza, ni la administraciés. Por eso, encuentra gque es dificil relacionar

su conocimiento técnico con los diarics problemas practiccs gue deben
enfrertar otras profesiones.

Muchos de los pacientes ioipitalarios de la actualidad, son candidatos
con alto riesgo de contraer infecciones, por lo tantc las técnicas que.

se mantenian para mtjorar el medio ambiente en el pasado, poirian ser
inadecuadas en.las circun:stancias actuzles.

‘:'o\-Cacla I.G- Universidad de Buew\os A\\-es
-I-Y\%Sf\\‘u& da. tyﬁ qu\\jﬂ'o\\'\q) \a4q ,



La meta de alcanzar hospitales limpios y seguros desde el pmmto de vista
microbloldgico, se puede alcanzar con una combinacién de sentido comin,
experiencia practica y conocimiento de las leyes fundamentales de biolo-
gla, fIsica y quimica. -

CONTAMINACION MICROBIOLOGICA

Quizés el primer concepto importante que se debe comprender n una dis-—
cusidn sobre el control de la contaminacidén microbioldgica, €s la teoria
que indica & las enfermedades como causadas por gérmenes o microbios.

Todas las enfermedades infecciosas son provocadas por microbios: Pro-
tozoos, Hongos, Bacterias, Ricketsias y virus. Se les encuemtra en

todas partes, sobre la plel humana, intestinos, ropas, anima‘es, plantas,
en el hogar, en el aire, en el agua. Afortunadamente la mayorias de los
microrganismos son inofensivos y muchos beneficiosos (como las levaduras,

antibidticos, fertilizantes, etc.). _Los que provocan infecciones se deno-

minan gérmenes patdyenos. La capacidad que tiene un germen de provocar
enfermedad, depende de la capacidad potencial que tenga para multiplicar-
se en el huesped huaano, de 1la rsistencia de ese husped, de la parte del

cuerpo o del tejido en el que el germen penetra y de la cantidad de gér-
menes que puedan penetrar.

Desafortunadamente estas circunstancias tienen lugar con bastante frecuencia

en los hospitales; resistencia humana disminuida por la edad o enfermedad
(ninos, ancianos, débiles), la tensidn, la exposicidn a radiaciones o por
una enfermedad, concentracidén del nimero de gérmenes en clertes lugares,
rotura de las barreras que normalimente separan estos organismos de los

tejidos, por ejecplo: por trauma o por una apéndice perforada, heridas,
ete.

INFECCION Y CONTAMINACION

La infeccidn se refiere a la entrada y proliferacién de microrganismos ern
¢l cuerpo de un hombre, de un animal o de una planta. Implica su multi-

plicacidén .y desarrollo en el huesped que generalmente resulta perjudicado.

La infeccidén no siempre provoca sintomas, enfermecades o incapaciracién.

La contaminacidn se refiere a la presencia de microrganismos sobre y den-
tro de las superficies y materiales inanimados. Lle presencia de organis-
wos infecciones en el aire sobre la ropa, en el agua, sobre los muebles,
los pisos, en los alimentos, sobre los instrumentos, significa que esos
materiales estdn contaminados. Si se encuentra sobre la superficie de
un cuerpo pero no se desarrolla se dice que estd contaminado.

Para que se produzca la infeccidn se necesita de los componentes de la
cadena infecciosz:

Agente infecciloso ) ' I
Reservorio £. "..
iu_erta de salida o/ ' Y. ew ot 1
i : e L )
fedie de Franeelsir N Bz
Huesped susceptible ‘ piAgcCron D DESE
. SUBOIRECCION TACHICA

[ %:..'C‘rTE(‘.nixJ‘i

hoosies HiY
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S1 uno de los eslabones de la cadena falta o se rompe deliberadamente,
el brote de la enfermedad se puede controlar con toda efectividad.

ROTURA DE LA CADENA INFECCIOSA

Cualquier brote se puede controlar rompiendo la cadena infecciosa en uno

de sus eslabones. Sin embargo, cada enfermedad presenta sus proplos pro-
blemas y debe atacarse en su eslabdn mds débil; por inmunizacidén o aislan-
do el reservorio, o antibidticos y quimioterapia. En los hospitales se pone
un énfasis extraordinario en el cvontrol del eslabdn de transmisidn de la
cadena infecciosa. Las infecciones en general y las infecciones hospita-
larias en particular, son un fendmeno muy compleCO en el que el saneamiento

.del medio ambiente inanimado, es el factor mis importante’ para un control
efectivo. :

Para desarrollarse, los microblos necesitan elementos nutritivos, humedad
y temperatura. Elementos nutritivos: sangre, alimentos, transpiracion,
pus, suciedad. Hasta el cuero y la madera pueden servir como elementos
nutritivos. La humedad es requisito critico, una humedad por debajo del
90% inhibe & la mayoria de los gérmenes patdgenos; sin embargo, una gota
" opeliculsa de humeé' ad es mds que suficiente para su desarrollo. La teo-
peratura puede variar entre 4 y 5.grados centigrados, siendo los mids pe-
ligrosos los que se desarrollan a la temperatura del cuerpo humano: 36.5
grados centigrados. En condiciones adecuadas muchos gérmenes patdgenos
duplican su cantidad cada 20 minutos, por lo que en 9 § 10 horas se pro0
ducen clentos de millones. En términos pré&cticos esto significa que debe
eyitarse el desarrollo bacteriano para el control de la contaminacidn.
Un microbio que se ha aclimatado al ambiente es wmas dificil de eliminar
.que uno recien aislado de una herida o de un tubo de ensayo.

Los responsables del saneamiento ambiental y ‘del control de la contamina-
cién, deben tener en cuenta cuvatro »rincipios:

1.- Mantener a los gérmenes nocivos fuera de las dreas criticas.

2.~ Eliminar los gérmenes que a pesar de todo se filtran,

3.- Prevenir la multiplicacidén de los que entran y no son destruidos.

4.- Controlar los vehiculos y vectores de transmisidn.

Todos los que en el hospital quieren destruir la cadena infecciosa en el
eslabén de transmisién dependen ern Ultiza instancia del ingeniero ambiental.
Las bases de cualquier programa de saneamiento ambiental abarcaran aspec-
tos de prevision de agua fria y caliente, vapor, refrigeracidn, depuracidn

de aguas herbidas y depuracidn también de aguas servidas, ventilacién,
mantenimiento de equipos y control de residuos sélidos.

DISPOSICION DE LOS RESIDUOS SOLIDOS
Aun en el caso de que los desperdicios hospitalarios no estuvieran conta-

minados, una consideracidén estética demandaria su rdpida eliminacidn. Co-
mo los provenientes de algunas zonas estdn muy contaminados, su elimina-

cidén es mds urgente. Los desperdicios liquidos se eliminan por los conduc- '

tos cloacales, los desperdicios s6lidos se incinerar o se entierran.
S
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Alguno de los problemas en materias de eliminacidn de los desperdicios
hospitalarios, surgen directamente de la aplicacién de principios de

una ingenierfa sanitaria inadecuada. Algunos desperdicios hospitalarios.
se deben considerar como altamente infectantes y la forma en que se mani-.
pulan debe minimizar el riesgo de infeccidn para todos cuantos estdn en

el hospital y en la comunidad donde éste estd situado. El papel del inge-

riero ambiental en la eliminacidn de los desperdicios debe abarcar los
aspectos del proceso.

Provision de espacio adecuado para.el almacenamiento sanitario.
- Recoleccién y manejo de los desperdicios.

- - Mantenimiento adecuado de los conductos de incimeradores y de elimi-
nacidn de desperdicios.

- Reparacidén de eliminadores de residuos.

Control de los elementos utilizados pars el transporte a los luga-
res de concentracion.

- Normas y pautas para el manejo de los residuos.

- Disposicién final.

- Control de veutores ( insectos y roedores )

TIPOS DE DESHECHOS

Los deshechos producidos pueden ser clasificados de acuerdo con las fun-
ciones de las &reas donde son producidos:

Residuos de la preparacién y servicio de alimentos.
Deshechos producidos por funciones administrativas.

. Deshechos producidos en los servicios de Obstetricia, Cirugia, Emer-
gencia y primeros auxilios. Podrian agregarse también los de Trauma-
tologia,

Deshechos producidos en lzboratorios, morgue, patologia y autopcias.
Deshechos producidos en las salas por curaciones a los pacientes y
en las areas de prepcracién de medicamentos y vendajes.

Deshechos producidos en cuartos de aislamiento y &reas de tratamien-
to de enfermos contagioscs.

- Deshechos producidos en dreas de recibo, espera, visita y todas
aquéllas procedentes de la limpieza general y de farmacia.

Deshechos procedentes del servicio de Radiologia y Radioterapia,

-RESIDUOS ‘DE LA PREPARACION Y SERVICIO DE ALIMENTO

Los deshechos producidos como resultado de la preparacién y servicio de
los alimentos, en general son ranejados independientemente de los deshe~
chos producidos en el resto del hospital. No es costumbre la preparacidn

de comidas para empleados o visitantes, s0lo para algunos profesionales
médicos.

Los deshechos procedentes del servicio y consumo de alimentos servidos
en la sala de pacientes no contagiosos, son manejados en general de la
misma manera que los desperdicios de la cocina. El manejo de estos des-
hechos es considerado seguro y no representa mayores peligros para la
salud de las persomnas que los maneja.
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Los deshechos procedentes de alimentos en los servicios de enfermos con-

-:tgglosos, xdeberfan tratarse en forma especial por el peligro de contagio
de ciertas enfermedades.

Todos los utencilios deberdn ser lavados en dreas y equipos independientes
del resto de los servicios y éreas de preparacidén de alimentos, asegurédn-
dose la complets esterilizacidén.de los mismos. Los residuos de alimentos

y los removidos de los utencilics no deben ser depositados en lugares
accegibles en que pueda entrar en contacto con persomal u otros utencilios.
La temperatura del agua de lavado no debe ser menor de 75 grados centigrados
durante el proceso de lavado los utencilios tendrdn una permanencia de

15 minutos a esa temperatura. .De usarse lavadoras automd@ticas de alta tem-

peratura, las aguas servidas pueden evacuarse con el resto de las del hos-
pitel.

Los deshechos s0lidos deberdn ser esterilizados antes de ser removidos del
drea de' limpieza o incinedados totalmente en incineradores provistos di-
rectamente y para este efecto dentro de esta misma Area.

?ESHECHOS-DE FUNCIONES ADMINISTRATIVAS

No ofrecen gran peligro de contaminacidén. En general son papeles, tarje-
tas, cajas de cartén y utencilios de oficina. :

Es recomendable preveer depdsitos de almacenamiento separados del resto del
hospital.. Como aproximadamente el 90% de estos materiales son secos, no

putrescibles y combustibles, podria pensarse en compactarlos para facilitar
su remosidn o posible venta.

DESKECHOS PRODUCIDOS .EN LOS SERVICIOS DE
OBSTETRICIAS, CIRU3SIA, EMERGENCIA Y PRI_
MEROS AUXILIOS.

Consisten en vendajes usados, algoddn, placentas, ampollas usadas, agujas
rotas o deshechables, pahos femeninos, mascarillas deshechables, lance-
tas deshechables y otro gran nimero de articulos y recipientes. Ademés
'son 0 estdn dmpregnados con sustancias rdpidamente putrescibles y deben
ser manejados y removidos en forma ripida y eficiente. Para ello:

Todos los deshechos deberdn ser depositados inmediatamente después de ser

producidos en recipientes o bolsas impermeables y desnechables con cierre.
hermético.

No deben permanecer e las drezs de tratamiento o de trabajo, depositdndo-
los en recipientes contiguos al equipo de incineracidén o tratamiento pre-
vio a su disposicidn iinal. Cuando se utilice para la remocidn bolsas
deshechables de plético podrdn utilizarse los conductos de gravedad para
el transporte & la disposicidn final. ( Incineracidn).

El equipo incinerador debe mantener altas temperaturas, la operacidn debe
hacerse tam pronto comd sea posible para evitar moelstias, malos olores
y peligro de contaminecidén. Como en general el horario es de manana

en los hospitales del Estado, se adecuard el tiempo de funcionamiento
del horno incinerador.
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Losﬁrisiﬂﬁos,provenientes de la incineracidn de estos materiales deben
~ser menejados ‘en forma cuidadosa, ya que contienen egujss y otros mate-
" riables no combustibles y que pueden ser fuentes de accidentes.

E&SHECH )5 PRODUCIDOS ENLABORATORIOS,,:(MORGUE,,
PATOLOGIA' Y-AUTOPCIAS.

Los deshechos producidos en estas dreas requieren manejo cuidadoso y or-
denado., Se deben tener los mismos cuidados que en el Item anterior. .
Adem@s tener en cuenta que:

' 1 bilen la cantidad de materiales deshechables puede ser pequena,
deben ser considerada altamente contaminante por lo que se requie-
re que sea incinerados in-situ o esterilizades previo 8 su manejo
por personas ajenas a la operacion de estas freas.

Los enveses de las muestras deben ser. incinerados o esterilizados
inmediatamente después de ser usados.

Las botellas y envases de productos quimicos o farmacelticos y
reactivos biolligicos pueden ser material combustible ( papel, y
pléastico) o ircombustible ( metal, y vidrio). Su manejo debe pre-

venlr posibles peligros para el personal o el equipo de disposi-
cibn usado. Por ejemplo  la incineracidn de envases conteniendo

residuos quimicos que durante la combustién puedan producir gases
venenosos o explosiones.

DESHECHOS PRODUCIDOS EN. LAS SALAS POR
'CURACIONES A LOS PACIENTES Y EN LAS
AREAS DE PREPARACION Y MEDICAMENTOS Y
VENDAJES.

Especialmente los desheches de curaciones resultan bioldgicamente conta-
minantes. Los de preparcién de aderezos, medicamentos y vendajes ofrecen
poco peligro de infeccidn, pero representan otro tipo de peligrosidad
como los enunciados en el parrafo anterior.

DESEECHOS PRODUCIDCS EN CUARTOS DE AISLAMIENTO
Y AREAS DE TRATAMIENTO DE ENFERMOS CONTAGIOSOS

Para estos 'deshechos: son aplicables las mismas recomendaclones para su
man ejo y disposicibn, gque las hechas para el manejo de alimentos y
deshechos peligrosos mencionados en los parrafios anteriores.

DESHECHOS PRODUCIDOS EN LAS AREAS DE RECIBO,
ESPERA, . VISITA Y. TODAS AQUELLAS PROCEDENTES
'DEVLAfLIEMPIEZA EN GENERAL DEL ‘EDIFICIO Y-
LoS ALMACE\ES DE RECIBO.

Consiste en papeles o envolturas de regalos para los pacientes, residucs
de alimentos o bebidas. Los deshechos provenientes de &reas de recupe-
racion o de enfermos no contagicsos, pueden ser manejados en conjunto
con los deshechos de la cocina general.
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agﬁﬁﬁEQﬂQS“ERDVENIENTES ‘DE ‘LOS SERVICIOS DE
L QQR;OLOGIA‘Y“&ADIOTERAPIA.
QConsisten en vendajes o yesos, placas usadas, envases, papel y cartédn.
"Pueden causar algiin problema en la operacidn de incineradores las pla-
cas radiogrdficas arruinadas o descartadas. '

Si existiese deshecho de material radioactivo debe ser manejado Gnica-
. mente por personal experto y autorizado para su manejo. Nunca serin

depositados con el resto de los deshechos o en el sistema de aguas ser-
vidas.

ESCOMBROS

En los hospitales de clerta complejidad y de antigua data, es frecuente
la reparacion, modificacidn o ampliacidn de servicios que ocasionan can-
tidades de materiales de construccidn que son acopiados, permaneciendo
largo tiempo sin disposicidn final., siendo focos de anidamiento de

insectos y ratas. Deben ser removidos inmediatemente después de comnclui-
da la obra.

CANTIDAD DE DESHECHOS.

1) Llos trabajos respecto a la produccidn de deshechos hospitalariocs
citan cifras en peso la mayoria de las veces y en algunas ocasio-
nes en volumen pero relacionadas sSlo con el No. de camas o pacien-

. tes en los Institutos. 5in embargo, no se ha tenido en cuenta la
calidad de los deshechos, la procedencia de los mismos y la influen-
cia que en ello tienen los diferentes servicios exlstentes en los -
hospitales, asi como el personal que los atiende.

Los estudios realizados han abarcado diferentes aspectos como produccidn,
zanejo y disposicidon de los dzxshechos, determiancién de caracteristi-

cas fisicas, quimicas y bacteriolfgicas, estudio viroldgico y anélisis
estadistico de los datos experimentales. Se tratd de obtemer ecuacio-
nes mateméticas sencillas que relacionen la produccidn de deshechos
esperada con los distintos tipos de servicio del hospital. La variable
ihdependiente en esas ecuaciones, es el No. de empleados remunerzdos

gue trabajan en los diferentes servicios.

2). En un trabajo destinado a conocer la cantidad y calidad de los deshe-
chos producidos en Institutos Hospitalarios realizado entre 1966 y
1970 en Minnesota se llegd a las siguientes concluciones:

=~ Tanto el peso como el volumen de los deshechos producidos es no-
tarlamente relacionado con la cantidad de camas.

- La cantidad de deshechos por paciente estd relacionado de manera

notable por la comunidad a la que rpesta servicio, con el No. de

intervenciones quirdrgicas, con el nimero de pacientes de coasul- .

ta externa y con el No. de empleados; demostraron que era poco

significativo el No. de visitantes al hospital.

- La produccidn de deshechos va desde 2.1 kgs. /paciente hasta 7.3
kgs./paciente con un valor medio de 3.9 kgs./paciente {del 40 al
50% de estos.deshechos es putrescible).
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Eo ralacibn al -voliien se encontrs que la produccidn varfa desde

28.3 1/paciente hasta 113.2 l/paciente con promedio de 56.6
1/pacients.

La forma de transportar los desechos, en carritos, no permite un
control sanitario eficiente.

La forma de operar los 1ncin¢radores es deficiente y se destaca
la falta de personal adecuado

Es mecesario un control efectivo en el manejo y disposicidn de-
los desechos debido 8l grado de peligrosidad que ello representa

Ing. Mario de la Torre Quiroga, en un informe técnico sobre resi-

duos sdlidos en un Hospital del Servicio Nacional de Salud, llega a
las sigulentes conclusiones generales después de realizar el anélisis
quimico de los desechos:

a) La mayoria de los pocentajes de .componentes o0 caracteristicas
quimicas verian dentro de un pequefic rango, lo que significa que
un ingeniern de disefio puede basar sus parimetrcs necesarios --
sobre cualquier seccidn o area del hospital, pero debe tener --
cuidado de considerar aquellas en que la variacion es significativa.

. b)Lla himedad, los sdlidos volitiles y cenizas y el poder calori~
- fico, pueden servir para usarse como pardmetros de disefio. EI conte-

nido de

azufre, de nitrdgeno y de f6sforo ofrecen valores porcentuales de
relativa relevancia

c) El valor promedio del poder calorifico de la basura, conside-
rando la totalidad de los residuos del hospital, es de aproxima-
damente 3.800 kCal/Kg. Esto significa que se debe conrar con un
sistema de combustible auxiliar, inyectado al incinerador, para
asegurar la temperatura requerida para una combustidn completa.

Conviene recordar que el poder calorifico promedic de la madera

es de 4.000 kCal/Kg. ; el del algodén es cerca de 3.500 kCal/Kg.
; el del trapo de 5.000 kCal/Kg. y el del papel 4.100 kCal/Kg.

Hace también una comparacidn con los resultados obtenidos de un
estudlo realizado en el Hospital de la Universidad ée West Virgi-
ginia (U.S.A.) y de basuras domiciliarias recogidas por la Munici-

palidad de Buenos Aires, llegando a la conclusidén gque los residuos
hospitalarios objeto de su estudio, estan mids cerca en su compo—-

- 8icidn & los residuos sélidos municipales que a los hospitalarios

del pais tecnologicazente més avanzado.

Pearce (en 1952) indicaba que para el disefio bdsico de un
incinerador debia utilizarse la cifra de 3.6 kg/came por dia, mis
1.4 xg/dfa por perscna de seccidn de auxiliar, mds C.4 kg/dia por
paciente de consulta externa
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v%E ,E.ECOLECCION. HANEJO Y DISPOSICION DB RESIDUOS

'ciniento 'y ‘tener ‘en. <uenta 2] ‘personal ‘que 103mneja en cada puee-
-to ‘e transferencia, | ya ‘que, €508 puntos dan "lugar a‘risgos de con-
ani.naciﬁn y‘-‘accidentes :
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- Meaical wastes means any waste which is generated in the diagnosis
treatment or immunization of human beings or animals, in research
pertaining thereto, or in the production or testing of biological.
(This is the wordlng and definition used in the US4).

- Clinical wastes means any waste comin% out of medical care provided in
hospitals or other medical care establishments. (This is the wording
and definition used in the Basel Convention regulating transboundary
movement of hazardous wastes). Actually thi% definition neglects

‘ medical wastes resulting from medical care in the home.

- Pathological wastes inc%ude human tissues, organs, and body parts and
body fluids that are removed during surgery or autopsy or other medical
procedures, and specimens of body fluids and their containers. (They are

part of infectious waste as well as of the three kinds of wastes listed
above) .

- Infectious wastes include all kind of wastes which may transmit viral,
bacterial or parasitic diseases to human beings. In addition to
infectious medical wastes it includes infectious animal wastes from

- laboratories, slaughter-houses, veterinary practices and so on.

This report is concerned with medical wastes according to the American
definition quoted above. The term hazardous medical waste will be used to
describe wastes that can be defined as hospital, medical or clinical and that
are infectious, or hazardous in other ways.

1.2  Sources.and; generation
Medical wastes generation according to sources:

The following figures were collected in the USA by the Environmental
Protection Agency (USEPA 1990a):

Source ) Quantities

(tons/year)
Hospitals 359,000
Nursing Homes 29,600

Physicians offices 26,400

Clinies 16,700
Laboratories 15,400
Dentists offices 7,600
Veterinarians 4,600
Funeral homes 3,900
Blood:Banks 2,400
TOTAL 465,600

The following figures show the total amount of hospital waste (including the
non-hazardous component} generated in some industrialized countries:

‘quqS;‘“(j \Mea'\c’a\ Uuhs'\‘e,s I de_\iﬁko?iua Couvf\‘hie’-s.
Werld fealth Org., 1974. |



Quantity of waste (kgy/bed.day)

Tvpe of hospital p;rQAy?‘ Spain UK France USA Netherlands
University : 3.9 4.4 3.3 3.35 '5.24 4.2 to 6.5
hospital

General hospital ' 2.5 4.5 2.7‘
Maternity 3.4 3.0 B ‘
Mental hospital | 1.6 0.5 1.3
Geriatric ' 1.2 }9.25 . |17

Source: WHO/EUROPE Publications ERS 97 (Management of waste from
hospitals)

Monreal (1991) quoted figures of 1 to 4.5 kg/bed.day for generation of solid
wastes from hospitals in Latin America. Figures in more detail are as -
follows:

Councry Yeaf of study ' Generation (kg/bed.day)
| Minimum . Median Maximum

Chile , 1973 0.97 - 1.21
Venezuela 1976 2.56 3.10 ) 3.71
Brazil 1978 1.20 2.63 3.80
Argentina 1982 0.82 - 4.2
Peru 1987 1.60 2.93 6.00
Argentina 1988 1.85 - 3.65
Paraguay 1989 3.0 3.80 4.50

1.3 JCategories of-waste

Several classification systems are used for the characterization of the
different compenents of hospital/medical wastes, WHO publication ERS 97
(targeted towards European countries) suggested the following:

General wastes: all non-hazardous wastes, similar in nature to domestic
wastes,

Pathological waste: tissues, organs, body parts, human foetuses and
animal carcasses, and most blcod and body fluids

Radio-active waste: solids, liquids and gases from analysis procedures,
body organ imaging and tumour localization, and treatment.

- Chemical waste may be hazardous - toxic, corrosive, flammable, reactive
or genotoxic (capable of altering genetic material), or non hazardous

- Infectious waste contain pathogens in sufficient quantity so that they

pose a serious threat, such as cultures from laboratories, waste from
surgery and autopsies on patients with infectious diseases, waste from
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patients in.isolation_wards or undergoing haemodialysis, and waste
associated with infected animals.

- Sharps any item that could cause a cut or puncture, (especially
needles and blades) .

- Pharmaceutical waste whether surplus, spilled, outdated or contaminated.

- Pressurized containers.

The USA uses the following classification and definitions for regulated
medical waste:

- Isolation wastes: Biological waste and discarded materials contaminated
with blood, excretion, exudates, or secretions from humans who are
isolated to protect others from certain highly communicable diseases, or
isolated animals known to be infected with highly communicable diseases,
(They may also be called highly infectious wastes).

- Cultures and stocks of infectious agents and associated biological,
including cultures from medical and pathological laboratories; cultures
and stocEs of infectious agents from research and industrial
laboratories; wastes from the production of biclogical; discarded live
and attenuated vaccines; and culture dishes and devices used to
transfer, inoculate and mix cultures.

- Sharps that have been used in animal or patient care or treatment or in

- medical research, or industrial laboratories, including hypodermic
needles, syringes (with or without the attached needle, pasteur
pipettes, scalpel blades, blood vials, needles with attached tubing, and
culture dishes (regardless of presence of infectious agents). Also
included are the other types of broken or unbroken glassware that were
in contact with infectious agents, such as used slides and cover slips.

- Human blood and blood products: (1) Liquid waste human blood; (2)
products of blood; (3) items saturated and/or dripping with human blood;
or (4) items that were saturated and/or dripping with human blood that

- are now caked with dried human blood; including serum, plasma, and other
blood components, and their containers, which were used or intended for
use in either patient care, testing and laboratory analysis or the
development of pharmaceuticals. Intravenous bags are also included in
this category.

- Animal waste: Contaminated animal carcasses, body parts, and bedding of
animals that were known to have been exposed to infectious agents during
research (including research in veterinary hospitals), production of
biological, 'or testing of pharmaceuticals.

- © Unused sharps: The following unused, discarded sharps: hypodermic
needles, suture needles, syringes, and scalpel blades.

- Cytotoxic wastes; which in addition to being toxic are mutagenic and/or
teratogenic when discarded or spilled. ’

- Radio-active waste

- Developing countries may wish to use the following simplified classification
for practical purposes:

- Non-hazardous hospital waste (general wastes)

- Sharps 3

50



WHO/PEP/RUD/94 .1
Page 6

- Infectious waste (other than infected sharps)’
- Chemical and pharmaceutical wastes

- Other hazardous hospital/medical wastes

This classification system, having five categories instead of eight, is
recommended to limit the number of separate waste collection and storage
channels that .must be set up within a medical establishment.

The general wastes coming from hospitals are no more hazardous than normal
domestic wastes, and may be handled and disposed of. in the same way. It may
often be the case that paper and packaging waste, containers and food waste
are sold to merchants for recycling. This practice may pose no problems as
far -as the general waste is concerned, but there may be problems if the staff
who arrange these transactions are tempted to increase their income by selling
materials that should be treated as hazardous. For this reason it is

recommended that all trading of wastes should be done officially and in a
tightly controlled way. .
The remainder of this report is concerned with the wastes that may be -
considered as hazardous, (i.e. not the general wastes).

{,~/:_:H> pietrn

2. HAZARDS 'AND RISKS

2.1 Epidemiological impact of medical wastes:

L rSe D
There is strong epidemiological evidence, from Canada, Japan and the USA (see
annex for Efbliography) that the main concern of infectious hospital waste is
the transmissiop,qf AIDS/HIV virug and, more often, of Hepatitis B or C virus
(HBV}) through tﬂi%f:%y caused by ‘syringe needles contaminated by human blood.
The group most at xisk are medical care workers, especially nurses, followed
by other hospital workers and by waste management operators outside the
hespital. (In places where scavenging-or vag picking at disposal sites is
common, such people face a grave IISE, but no data is available on incidences
of injuries and infections in such situations.) It is considered exceptional
that victims include patients or the general public. One case has been.
reported in the USA of a hospital hS@?ekg%%é who developed staphylococcal
bacteraemia and endocarditis afrer a meéedle injury. Unfortunately data from
developing countries are (Scarce® if not non-existent. (Regarding wastewater
discharges, there is a strong suspicion that uncontrolled discharges of sewage

from field hospitals in Chile and Peru has contributed to the spreading of
cholera.)

In the USA, the Agency for Toxic Substances and Disease Registry, in its
paper: The Public Health Implications of Medical Waste, (September 1990) has.
reported to the US Congress:

HIV has extremely limited viability outside a living host, although live virus
survival time may depend upon the enviromment and virus concentration.
Therefore, except for those persons within the health care setting, the
potential te develop HIV infection from medical waste contact is remote.
Because HBV remains viable for an extended time in the environment, the
potential for HBV jnfection following contact with medical waste is likely to
be higher than that associated with HIV,

The workers most frequently injured in the health care industry are nurse's
aides, registered nurses, housekeeping and maintenance personnel, and
food-preparation workers. The annual injury rates for these occupations vary
from 10 to 20 per-1,000 workers. »

0f all workers who may contact medical waste, sanitary services workers (e.g.,
refuse workers) report the highest rate of on-the-job injuries. Their overall

injury rate of 180 per 1,000 workers per year is more than double that of the
entire US work force combined. .
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Ranges of estimated medical waste related injuries from sharps occurring
annually for non-hospital employees are: nurses 28,000/48,000, emergency
medical personnel 12,000, refuse workers 500/7,300, dental assistants
2,600/3,900, physicians 500/1,700, animal technicians 400/1,600, dentists
100/300, and veterimarians-50/200. Corresponding ranges for hospital
employees are: nurses 17,700/22,200, housekeepers 11,700/45,300, hospital
technicians 12,200, laboratory workers 800/7,500, physicians and dentists
100/400. Estimated annual numbers of medical waste related HBV infections
resulting from above quoted injuries are among non-hospital employees in the
following ranges: nurses 56/96, emergency medical personnel 24, refuse workers
1/15, dental assistants 5/8, physicians 1/3, and dentists <1. It is estimated
that half of infected persons will develop the disease. For heospital
employees the estimated numbers of HBV infections are: nurses 26/45,
housekeepers 23/91, hosgital technicians 24, laboratory workers 2/15,
physicians & dentists <l.

It is also estimated that no more than one infection by the AIDS wvirus will
arise -yearly in the USA among -each professional risk group other than nurses
and housekeepers. For each of those 2 groups the risk will be 1.3. - :
According to theoretical calculations the annual number of HBV infections in
non-hospital employees as a result of medical waste related to injuries from
sharps is between 162 and 321 in the USA compared te a total of 300,000 for
all cases. Between 1 and 4 cases of HIV infections in non-hospital employees
as a result from medical waste-related in%uries from sharps may also occur
yearly in the USA against a total of 35,238 cases of HIV infection reported in
the USA during 1989. The actual number of infections is probably lower than
the maximum theoretical estimates, i
Data for other kind of infections due to medical waste as well as data on
injuries in the general public from medical waste are insufficient to reach
any conclusion.
At least one recommendation that emerges from these findings is that risk
groups such as nurses, hospital housekeepers and all personnel who handle
medical wastes must be immunized against hepatitis B. Care must be taken in
drawing conclusions about risks faced in the developing world, where
supervision and training of those with access to medical wastes may much less,
and many more people may come into contact with such wastes

/
At the WHO consultation Professor Shiro Shirato {(chairman of the Japanese
Society for Research on Medical Waste) reported the following data from Japan:

In July 1987, two young interns in paediatrics - a 25 year old woman and a 28
year old man - were accidentally infected by syringes; these incidents
resulted in their deaths from acute hepatitis B. Those syringes had been used
on virus-carrying patients and accidentally punctured the interns’ fingers.
The virus was identified as a virulent mutant of hepatitis B virus, Similar
accidents happen in other Japanese hospital - a total of 570 cases were
reported in a 3-year period. Fortunately, the victims received immuncglobin-

injections in time and casualties were avoided. A survey by the public health’

authorities in 1986 showed that 67.3% of waste handlers inside hospitals had
reported injuries from sharps, and that 44.4% of waste disposal workers
outside hospitals had also reported wounds when handling hospital wastes.
Blood examination among wounded workers showed numerous infectioms by HBV but
also a few by HIV. Other analysis showed that blood infected syringes often
contain more than the infective doses for both viruses. These figures should
be weighed against the fact.that the Japanese population includes only 2% of
HBV carriers {compared with 10% in some other Asian countries) and far less
than 1% of HIV carriers. 1In.one city children stole discarded syringes from a
hospital waste dump and got infected. The first conclusion that was drawn
from the case of the infected children is that simple burying of medical waste
is not sufficient to prevent the spread of disease. The second conclusion is
to point out the specific hazards from discarded cytotoxic drugs, should they
be buried. They act as a mutagens to all bioclogical beings.
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“n.total Shirato has documented in the Japanese scientific literature more
han 500 cases of infections related to medical waste, more than 300 cases of
injury or poisoning with chemical waste from hospitals, and more than 400
cases of bio-hazard from cyto-toxic drugs improperly disposed. It is very
important to note that, using data on HBV and HIV survival rates from Resnik
tables, Shirate has computed that the amount of each virus surviving in an
infected syringe may remain above the infective doses for eight days after it

was used on an infected patient. :

Shirato's estimate of the time during which infected syringes pose a hazard is
of great importance. It is often assumed that HIV quickly becomes inactivated
in an unfavourable environmment, but it appears that the conditions that exist
inside the needle and body of a syringe are much less hostile that might have
been presumed. If this information on survival times is coupled with the rate
at which injuries occur {(as exemplified by the data from the USA) and higher
incidences of HIV and HBV in some populations than those found in Japan, the
risks of infections from syringes in some situations become alarmingly high.

The case of the infected children shows that simple burying of medical waste
is not sufficient to isolate it from the public. Minimal requirements for the
safe burial of wastes from hospitals will be discussed later in this report

A further conclusion is the seriousness of the specific hazards from discarded
cyte-toxic drugs.

Data on infection or poisoning from medical wastes are scarce, but it is clear
that such accidents do happen. . According to Shirato, during a 3-year period
671 cases of hospital waste accidents were documented in Japanese hospitals
out of which 570 were injuries through infected needles or syringes and 101
were linked to drugs and chemicals.,

Radio-active hospital wastes caused a notorious accident, reported by‘the
‘ncternational media, in a Brazilian city in 1989.: There were fatal and other
serious cases of irradiation by radio-active hospital waste in abandoned
equipment that was scavenged from a dump.

Cyto-toxic drugs, because of their high potential to kill a variety of

organisms, are an acute danger for the environment. Such drugs must be either
destroyed by high temperature incineration or stored in sealed containers.

2.2 The situation in developing countries:

When reviewing the situation in any country it is important to consider the

“cultural beliefs and degree of awareness of health issues, as well as the

practices and technology.

Some cultures tend to keep contact with waste to the minimum. This has the
advantage that there 1s less interest in reusing or recycling waste items, and
so the risks from certain hazardous components in medical wastes are less.
However, the same belief may discourage professionals from being involved in
waste management, so that there is very Yittle control over how medical waste
is stored, handled and disposed of. Other cultures find reusing wastes and
exploiting their potential more acceptable, and in such cultures there is a
great danger that contaminated and hazardous materials will be returned to the

economy. There are many ways in which hazardous components of medical waste
can pose a threat to society:

- There was d case in Central America where used syringes were being sold
to schoolchildren as they came out of school. Brightly-coloured sweets
were put into the body of the syringe, and the complete syringes (with
the needle attached) were sold. Children enjoyed the sweets and then
played with the syringes. Of course, this practice was stopped when
discovered by public hegalth officials. i
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- Some people seem to believe that every cure requires an injection. Por
people, who have no access to qualified medical personnel, may seek
anyone who can give them an injection; it may be administered by an
unqualified practitioner using a discarded syringe. Apart from the
serious risk of a life-threatening injection, there is also the danger
of injecting air into the bloodstream.

- Drug addicts who have no access to sterile syringes may use discarded
syringes. . °

- Discarded drugs may be used inappropriately by unqualified geople - some
pecple might believe that any white pill will cure their malady.

- Scavengers or pickers are at risk from sharps, pharmaceuticals, and
chemicals, and from direct contact with infected materials. Items, such
as containers, that they salvage, may spread contamination to society at

large if they are not properly cleaned and sterilized before they are
sold. -

Where the wastes have a resale value, much greater attention must be given to
supervising the waste at all stages, to ensure that labourers or others do not
sell, or allow access to,: the waste for which they are responsible. The

potential for profit from the waste greatly magnifies the risks posed by
medical waste.

The degree of health education and hﬁgiene awareness amon% the public is
another crucial factor in deciding the risks posed by medical wastes. The
publiec will be reluctant to use discarded items and unqualified practitioners
if they are aware of the potential hazards involved. However, in many
societies - even those which have a majority who are educated - there is a
significant minority of the population that is illiterate and unaware of the
dangers, and it is these people that are most.at risk. Barriers must be buil
between such people and hazardous medical waste - these barriers will
generally involve strict control of access and close supervision by
responsigle professionals.

No reliable epidemiological data from developing countries related to the
health impacts of hospital waste were presented at the Consultation, however
the incidents of irradiation by radioactive waste from a hospital in a
Brazilian city were mentioned. :

In the worst cases, found in countries stricken by civil war, hospitals are
often deprived of basic facilities such as a safe water supply or hygienic
toilets; in such situations the proper management of hospital wastes appears
to be .a secondary priority. :

The situation in Latin-America and the Caribbean is reviewed in a document of .
the Pan-American Health Organisation called: Considerations on the management

of hospital wastes in Latin-America by J Monreal (1991). The problems
identified are:

- infectious injuries from sharps te hespital housekeepers and waste
* handlers, .

- nosocomial infections in patients from poor waste management among other
causes, and

- risks of infections outside hospitals for waste handlers, écavengers,
and (eventually) the general public.

Technical problems are the poor segregation of hazardous wastes at source due

to the low education of personnel in charge; this lack of segregation results
in the hazardous component being 10 to 40% of the total instead of less than
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‘10% . There is also a lack of proper storage of sharps, which explains the
umerous injuries among waste handlers.

Very frequently hospital wastes are dumped together with municipal garbage,
with the common exception however of human body parts which are buried
separately for cultural reasons. Hospital incinerators are also used, however
they seem to be inappropriate technology in many situations as a high
percentage (57 to 92%) do not operate satisfactorily There was a reported use
of biological digesters to treat soft infectious wastes; however no data are
given on the effectiveness of this process in terms of disinfection, so it
cannot be regarded as a proven or satisfactory option at this stage. .
Chemical disinfection of sharps, particularly needles, should be regarded with
suspicion. This matter is discussed more fully in section 6. :

The risk of infection is not the only factor that motivates good hospital
waste management. There is also the psychological or emotional effect related
to recognizable body parts, and the occasional involvement of the police. The
following anecdotes illustrate these effects: '

- A local newspaper of a large Asian city reported the discovery of a
human hand that had been found in a street. The police were called in
to investigate. They discovered that the hand came from a local
hospital; it had been amputated for medical reasons and thrown into a
bin. A passing dog had taken it out and carried it off, and later
dropped it in the street. '

- Labourers at an incinerator stopped work as a result of seeing a human
limb in the waste they were supposed to handle. They refused to
continue working until the limb was removed and an undertaking was given-
that they would not be required to handle such hospital waste in future.

'n Africa, some urban hospitals burn their waste in the open air within the
.ospital premises; liquid wastes are sometimes treated but not disinfected.
Whether there is an adequate classification and segregation of the different
types of hazardous waste-at source seems to vary widely from country to
COUnTTY .

The situation in south-eastern Asia was reported by Dr Bhide the chairman of
the consultation who was from the National Envirommental Engineering Research
Institute in Nagpur, India.

It seems that the worst problems arise in small hospitals which are not aware
of the need for special care in handling infectious waste. 1In big hospitals
things are better, however the sorting and separate collection of hazardous
waste are far from adequate. A few big hospitals operate incinerators but do
not accept infectious waste from other sources. Liquid wastes are discharged
into municipal sewers without pretreatment. Solid wastes are often buried
together - both the hazardous and non-hazardous fractions - inside the
hospital premises. There is an acute need for training on hospital hygiene
for all non-professional hospital staff. :

The situation in the WHO Eastern Meditcerranean region has been analyzed as
follows by the Regional Office: o ’

Local health authorities are very aware of the hospital waste problem and will
deeply appreciate any technical guidance on its solution. Even in high-income
countries, hazardous wastes are often not segregated from general hospital
waste and both are disposed of together with municipal waste; the disposal
rethed is land-filling (often uncontrolled) but a few incinerators are
srailable. In the western Arab countries the situation regarding sorting and
segregation of hazardous hospital waste.is better, but most of existing
"mefneracers are out of operationm.

‘n the western Pacific region very primitive and very advanced situations
o-211lst side by side. It was reported that, in a war stricken country,
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hospitals do not even have toilets accessible to patients, but in another

nearby country the government 1is developing its own national guidelines for

hospital waste managementﬁw“Its seems t aq4iip(mgst cases, hospital wastes are

adequately segregated at source before storage-and transportation, but that

~ hazardous hospital wastes are landfilled together with municipal waste and
left exposed to scavenging. Hepatitis B transmission through scavenged

infected syringes Mas reported from countries in this region.

This report has been written to address problems such as those mentioned

above, and appropriate recommendations will be presented after a discussion of
the available options. . :

The situation in Europe is out of the scope of this report; however European'
experts at the Consultation were of the opinion that, in some southern or .
eastern European countries, the situation is not better than in many

developing countries, particularly perhaps in smaller communities and smaller
medical establishments, \

-

3. GENERAL HYGIENE

Hospital waste management is part of hospital hygiene and maintenance
activities. The importance of hospital hygiene is emphasized in WHO TRS 819,
paragraph 6.3:- .
The cleanliness of a hospital is often the first thing that a visitor or
patient will notice, and it is a sign of its concern %or its patients.
Cleanliness should not be taken for granted; it reflects the behavioural
patterns of health workers, patients, and visitors., In places where patients
and visitors ma{ be unaccustomed to the standards of hygiene required in a
hospital, health workers need to pay special attention to this matter.

Cleaners and porters, who usually have access to every part of the hospital,
should not be overlooked. They need to feel that they are an important part
of the hospital'’s service team and should be given careful training so that
they can understand how a lack of cleanliness can affect the outcome of a
patient’s treatment. Their work requires a sense of duty and responsibility
for service, which should be fostered.

This section concludes with a comment about how the example set my medical
establishments can influence standards of hygieme in patients’ and visitors'’
homes and workplaces _ . . .

General hospital hygiene is a prerequisite for good medical waste management;
it will be useless in terms of prevention of nosocomial infections to start
improvin% hospital waste management if the hospital does not have a reliable
supply of safe water, and basic sanitation facilities accessible to hospital
personnel patients and visitors. Whilst it is especially important that the
operating theatres should be disinfected and the kitchens be spotless, it is
also vital that the whole hospital be kept clean and in a satisfactory state
of hygiene. On the other hand, in terms of prevention of the spread of
infection outside the hospital, careful management of wastes from the point of
generation is of paramount importance.

4., STORAGE

In many ways, the storage of hospital waste is the key to whole management
process, because it is at this stage that wastes are segregated into different
.streams, and incorrect classification of wastes can lead to many problems at a
later stage. It is also at this stage that all sharps should be put into
containers that will contain them and be resistant to puncture, and failure to
do this properly can lead to injury and potentially fatal infections. It is
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Los residuos sélidos generados en hospitales y establecimientos de salud
presentan riegos y dificultades especiales en su manejo debido, fundamentalmente,
al cardcter infeccioso de algunas de sus fracciones componentes. Contribuyen
también a acrecentar tales riesgos y dificultades la heterogeneidad de su
composicién, la presencia frecuente de objetos cortopunzantes y la presencia eventual
de cantidades menores de sustancias téxicas, inflamables y radiactivas de baja
intensidad. No obstante lo anterior, la mayor parte de los residuos que produce un

hospital no ofrece mayores peligros que los asociados a los residuos municipales
comunes.

Los riesgos arriba mencionados involucran, en primer término, al personal
que debe manejar lo§ residuos sélidos tanto dentro como fuera del establecimiento,
personal que, de no contar con suficiente capacitacién y entrenamiento o de carecer \
de facilidades e instalaciones apropiadas para el manejo y tratamiento de los
‘residuos, de equipo y herramientas de trabajo o de elementos de proteccion personal
adecuados, puede verse expuesto contacto directo con gérmenes patdgenos o a la
accidn de objetos cortopunzantes, tales como agujas de jeringas, trozos de vidrio u
hojas de rasurar.

No menos significativos son los riesgos que pueden llegar a afectar al resto
de la poblacién hospitalaria y, en especial, al grupo constituido por aquelios
pacientes que en razdén de las caracteristicas particulares de sus dolencias o de los
tratamientos a que han sido sometidos, se encuentran con sus defensas disminuidas.
Nifios desnutridos, individuos anérgicos, convalecientes de procesos agudos e
inmunodeprimidos, entre otros, son ejemplos de pacientes en especial riesgo de
contraer infecciones como consecuencia de la exposicién a agentes patdgenos,
cuando el manejo de los residuos sélidos se hace en forma inadecuada.

Finalmente cabe destacar que el manejo deficiente de los residuos sélidos de
hospitales no sélo puede crear situaciones de riesgo que amenacen la salud de la
poblacién hospitalaria -personal y pacientes-, sino ‘también puede ser causa de
situaciones de deterioro ambiental que trasciendan los limites del recinto hospitalario,
generando molestias y pérdida de bienestar a la poblacidn aledafia al establecimiento
y sometiendo a riesgo la salud de aquellos sectores de la comunidad que, directa o
indirectamente, lleguen a verse expuestos al contacto con material infeccioso o
contaminado, cuando los residuos son trasladados fuera del hospital para su
tratamniento o disposicion final.

De primordial importancia para abordar cualquier programa de control de las
situaciones de riesgo derivadas del manejo inadecuado de los residuos sélidos de
hospitales es el caracterizar cualitativa y cuantitativamente el problema.
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Ello permitird dimensionar los espacios fisicos necesarios para manejar los diferentes
tipos de desechos, decidir acertadamente acerca de qué alternativas técnicas utilizar
para el tratamiento de cada una de las fracciones componentes y seleccionar los
equipos y dispositivos mds convenientes para tal propdsito.

Lamentablemente la informacién disponible a este respecto en Latinoamerica

y €l Caribe es aiin insuficiente en la mayoria de los casos y la escasa informacién

existente es, en ocasiones, poco confiable o limitada en su aplicacién a situaciones

muy particulares; ello ha conducido, en no pocas oportunidades, a la adopcidén de

- soluciones que la experiencia demostré posteriormente eran inadecuadas y, como

consecuencia de ello, a la mantencion o agudizacién de situaciones de riesgo como
las antes mencionadas.

Generacién de Residuos Hosgitalarios

La cantidad de residuos sélidos generados en un establecimiento hospitalario
es funcidn de las diferentes actividades que en €] se desarrollan y en consecuencia
dependerd, entre otros factores, de la cantidad de servicios médicos ofrecidos en el
establecimiento, del grado de complejidad de la atencidn prestada, del tamano del
hospital, de la proporcién de pacientes externos atendidos y de la dotacién de
personal; no resultando fécil establecer relaciones simples que permitan estimar la
cantidad de residuos solidos producidos por un establecmucnto hospitalanio en
funmén de tal diversidad de factores.

Lo anterior ha conducido, en la mayoria de los casos, a relacionar la cantidad
promedio de residuos sélidos generados diariamente con el nimero de camas del

hospital, obteniéndose asf cifras que, si bien pueden estar sujetas a cierto grado de

imprecisién, son de facil manejo y aplicacién.,

A partir de los afios setenta en adelante los pafses latinoamericanos han
evidenciado un creciente interés sobre la materia, lo que tuvo como resultado la
realizacién de diversos estudios tendientes a conocer la tasa de generacién de
residuos solidos en los establecimientos hospitalanios. El andlisis comparativo de los
resultados obtenidos en estos estudios debe hacerse teniendo presente que las
metodologias utilizadas en cada caso, ¢ incluso las definiciones bdsicas adoptadas
respecto de los residuos sélidos hospitalarios, fueron diferentes.

Las cifras promedio obtenidas en diversos paises latinoamericanos para la
generacidn de residuos sélidos en hospitales fluctiian entre 1,0 y 4,5 Kg/cama/dia,
pudiéndose apreciar que dicha tasa de generacién tiende a aumentar en el tiempo.
Tal comportamiento coincide con la evolucién mostrada por la tasa de generacién
de residuos sélidos hospitalanios en paises desarrollados, si bien en estos ultimos
paises las tasas actuales de generacion de residuos son significativamente mayores
a las que presentan los paises en desarrollo. A modo de ejemplo, en Estados Unidos
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de Norteamerica se registran cifras del orden de 3,5 kg/cama/dia para fines- de la

* década del cuarenta, alcanzdndose cifras superiores a 6 u 8 Kg/cama/dia para los

anos ochenta, |

Las causas principales de este progresivo aumento de la tasa de generacidn
de residuos sélidos’ hospitalarios son €l continuo incremento de la complejidad de la
atencién médica y el uso creciente de material desechable.

Tasa_de Generacién de Residuos Sélidos de Hospitales
en algunos Paises de Latinoamérica

Pais i Aifio Generacidén
. del Estudio (kg/cama/dia)
Min Med  Max i

Chile 1973 0.97 121
" | Venezuela 1976 2.56 | 3.10{ 3.71
" | Brasil 1978 120 2.63| 3.80
Argentina 19829 0.82 - 4.20
Perd © 19879 1.60 | 2.93| 6.00
Argentina 198811 1.85 - 3.65
Paraguay 1989© 3.00| 3.80| 4.50

Composicién de los Residuos

Una de las caracteristicas importantes de los residuos sélidos de hospitales
es su heterogeneidad, caraceristica que es consecuencia de la amplia gama de
actividades complementarias a la atencién médica que se desarrolla al interior de un

hospital, todas las cuales, en mayor o menor grado, aportan residuos de diversas
calidades.

La composicién de los residuos sélidos hospitalarios puede establecerse de

acuerdo a diferentes criterios de clasificacién de componentes, segiin sea la utilidad
que un determinado criterio de clasificacién pueda prestar en la resolucién de un
problema especifico. Es as{ como los diversos componentes pueden ser clasificados
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de acuerdo a su lugar de origen, a su combustibilidad, a su cardcter orgénico, a su
putrescibilidad, a su peligrosidad, o bien de acuerdo a los compuestos y elementos
gquimicos que conforman los desechos.

Existen diversos criterios de clasificacién propuestos 6 en uso en los paises
latinoamericanos, los que bdsicamente diferencian los desechos de material médico-
quinirgico, los desechos bioldgicos, los restos de alimentos, los objetos
cortopunzantes Y la fraccién de desechos similar a los residuos municipales comunes.

; Desde el punto de vista del manejo sanitario de los residuos sélidos
* hospitalarios interesa especialmente clasificar los desechos de acuerdo a su cardcter
infeccioso.

En rigor, un residuo, para ser considerado infeccioso, debe contener
gérmenes patégenos en cantidad y con virulencia suficientes como para que la
exposicién de un huésped susceptible al residuo pueda dar lugar a una enfermedad
infecciosa. Dado que resultaria de escasa utilidad prdctica y altamente costoso el
analizar la presencia efectiva de gérmenes patgenos en los residuos sélidos, la
Agencia de Proteccidon Ambiental de los Estados Unidos, US EPA, recomienda
establecer como minimo seis categorias de residuos infecciosos: residuos de salas
de aislamiento, cultivos de agentes infecciosos, sangre humana y sus derivados,
residuos patolégicos, objetos cortopunzantes contaminados y restos animales
contaminados. '

De acuerdo a los escasos estudios de composicién realizados en paises
lattnoamericanos, el contenido de residuos contaminado microbiolégicamente fluctua
entre un 10% y un 40% del total de residuos s6lidos generados por un hospital. Sin
embargo, el desarrollo, en paises como Chile, de programas de separacién en origen
de la fraccién infecciosa ha permitido demostrar que, conforme se -perfecciona la
préctica de separacion, el porcentaje de residuos infecciosos se mantiene dentro del

-rango que va del 10% al 20% de dicho total. En los Estados Unidos esta fraccién
varia de un 5 a un 10% segiin diversos autores. '

Sepam;idn de_los Residugs

La separacién de algunas de las diferentes fracciones comiponentes de los
residuos sélidos de hospitales es una prdctica comin en los establecimientos
hospitalarios, si bien tal separacién se realiza frecuentemente con el fin de disminuir
los costos de manejo interno y externo de los residuos y no con el propésito de
reducir los riegos sanitarios asociados al manejo de las fracciones infecciosas o
peligrosas en general.
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Es préictica muy corriente la separacién y comercializacién de los residuos
. provenientes de la preparacidn, elaboracién y servicio de alimentos; de los papeles
y cartones provenientes del embalaje de material médico, de laboratorio o de
farmacia, asi como la separacidn y comercializacion de otras fracciones menores,
tales como envases de vidrio y pldstico. Sin embargo, el hecho de no contarse con

una adecuada prédctica de separacién de la fraccidn infécciosa implica la existencia’

de riesgos para la salud, tanto del personal que manipula estos materiales, como para
Ia salud de la comunidad en general.

La implantacién de una prdctica adecuada de separacién en origen de las
fracciones infecciosas y de otras fracciones peligrosas permite derivar el resto de los
residuos hospitalarios hacia la recoleccién municipal, reservando los sistemas de
manejo especiales sélo para aquella porcién de residuos que realmente ofrece
riesgos. Pese a las ventajas de la separacién en origen de las fracciones peligrosas,
no resulta ficil implantar este tipo de prdcticas en los establecimientos hospitalarios.
Elio requiere, en primer término, la colaboracidn decidida y permanente del personal
médico, paramédico y auxiliar, ya que serd este personal el que deberd canalizar los

residuos, tan pronto se generen, hacia los recepticulos de almacenamiento -

apropiados.  Se requiere ademds disponer del equipamiento suficiente para

almacenar, recolectar, transportar, acumular, tratar y disponer estos residuos en-

forma totalmente independiente del resto de los residuos del hospital, mientras
mantengan sus caracteristicas de peligrosidad.

Especial mencién merecen los objetos cortopunzantes, ya que al peligro de
accidentes traumdticos que tales objetos ofrecen hay que agregar que, por su misma
naturaieza y uso, con frecuencia ellos han estado en contacto con material infeccioso

y presentan, por lo tanto, dicha caracteristica. La separacién y embalaje adecuado

.de los residuos cortopunzantes, de manera de prevenir accidentes y evitar el
deterioro de los recipientes y bolsas receptoras de desechos, resulta una prdctica
necesaria para el buen manejo de los residuos de hospitales.

Almacenamiento de los Residios en 1a Zona_de Produccidn

El aimacenamiento de los residuos en el lugar de origen representa la primera
etapa de un proceso secuencial de operaciones que conforman el sistema de manejo.
Para cllo debe contarse con recepticulos de tamafio, forma y material adecuados, de
manera de asegurar una capacidad suficiente, un fécil manejo y limpieza y una
hermeticidad acorde con los requerimientos sanitarios propios de cada zona. Se
considera éptimo el uso de recepticulos cilindricos o troncocdnicos de metal o
pldstico rigidos, provistos de tapa y asas, y de capacidad no superior a cien litros.
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El uso de bolsas pldsticas como elemento complementario del receptdculo
ofrece una serie de ventajas, entre las cuales se puede destacar la reduccidn de la
exposicion al contacto directo con los desechos del personal que los manipula y el
mejoramiento de las condiciones higiénicas generales del sistema.

Recoleccidén Interng l -

La recoleccién de los residuos desde las zonas de generacion se hace por lo
general con carros de traccién manual. Tales carros deben ser de disefio apropiado
de manera de impedir el derrame de residuos y evitar molestias innecesarias a la
poblacién hospitalaria. Debe considerarse que es imprescindible transitar por las
dependencias interiores del establecimiento, lo cual exige poner especial atencién a
las condiciones de higiene, rdpidez y silencio de esta operacién, siendo necesario
establecer programas de recoleccién con horarios y recorridos bien definidos.

La tendencia actual en Latinoamérica y el Caribe es la de limitar o suprimir
¢! uso de ductos de gravedad para el transporte interno de los residuos debido,
fundamentalmente, a los problemas de derrame de residuos tanto en las tolvas de
admisidn como en las salas de recepcién y a la introduccién en el ambiente
hospitalario de materiales contaminantes, tales como gases y particulas, e incluso de
vectores sanitarios a través de las tolvas las de admisién, cuando ellas se encuentran
en malas condiciones 0 son operadas en forma inconveniente.

" Tratamiento v Disposicién Final

. El diagnéstico de la situacién actual en cuanto a las condiciones de
tratamiento y disposicién final de los residuos sdlidos de hospitales en los paises
latinoamericanos y del Caribe es incompleto, disponiéndose en el presente sélo de
descripciones parciales de la situacién imperante en algunos paises. En base a estos
antecedentes y a la informacidn obtenida directamente en ‘terreno es posible afirmar
que, en un gran nimero de casos, los residuos sélidos de hospitales son derivados
- en su conjunto a 1a recoleccién municipal sin que exista una separacion previa de las
fracciones infecciosas, practicindose sélo una separacién, en muchos casos
incompleta, de los restos de tejidos humanos generados en los servicios de cirugia,
obstetricia y anatomia patolégica.

Desde el punto de vista sanitario esta forma de eliminar los desechos
hospitalarios resulta absolutamente inaceptable, ya que implica someter a alto riesgo
ia salud y seguridad del personal encargado de recolectar los residuos. A lo anterior
debe agregarse que muy frecuentemente los residuos municipales son dispuestos en

basurales a cielo abierto en los cuales, por regla general, se practican actividades de
~ recuperacién de materiales sin ningiin control, quedando las personas que se dedican



.

a tales actividades expuestas al contacto directo con material contaminado
microbiolégicarnente.

El manejo de los restos de tejidos humanos separado por el hospital es
también, en muchos casos, objetable. Los procedimientos usados van desde la
correcta cremacion en unidades especialmente disefiadas para estos efectos hasta el
enterramiento en el recinto del hospital, la introduccién a la red de alcantarillado con
o sin trituracién previa, la quema directa con agregado de combustible en recipientes
metdlicos a el envio al cementerio local.

Ha sido prictica frecuente también en los pafses latinoamericanos y del
Caribe el instalar, en especial en los hospitales y clinicas de gran tamafio,
incineradores de grandes dimensiones con el propdsito de incinerar en el recinto del
establecimiento la mayor parte, y en elgunos casos la totalidad, de los residuos
s6lidos generados. '

El resultado de esta prictica ha sido la instalacién de equipos
sobredimensionados que, ademds de requerir una importante inversién inicial, tienen
altos costos de operacién y mantenimiento y que en su mayoria funcionan
precariamente o han quedado fuera de uso. Cabe hacer presente ademds que el
disefo original de muchos de estos incineradores no satisface los requerimientos
minimos de un incinerador de residuos hospitalarios por lo que, ain en éptimas
condiciones de operacién, presentaron deficiencias graves de funcionamiento.

Resultados Obtenidos en Diversos Estudios sobre Condicion
de Funcionamiento de Incineradores de Residuos Sélidos
Hospitalarios en Algunos Paises Latinoamericanos

_ NUMERO DE INC. CON FUN
ANO DE TOTAL CIONAMIENTO DEFECT. O
PAIS ESTUDIO ESTUDIADO | FUERA DE USO
' No. No. %

L\? exico® - 1975 . - - . 90
Argentina® 1982 9 7 78
Brasil® 1985 14 8 57

Lf_ﬁ;rﬂm 1985 25 23 92
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Consecuencias del funcionamiento defectuoso de este tipo de unidades en la
emisién de humos, particulas contaminantes y malos olores a la atmdsfera, con el
consiguiente deterioro de las condiciones ambientales de los sectores aledafios al
hospital, y la generacién de cenizas no totaimente mineralizadas, y por lo tanto, de
-dificil manejo posterior.

Existen algunas experiencias interesantes en relacién con sistemas de
incineracién central en donde la municipalidad o alguna empresa presta el servicio
de incineraci6n, hasta cuyas instalaciones son trasladados los residuos sélidos de
hospitales, clinicas y establecimientos de salud para su tratamiento. Sistemas de este
tipo han sido implementados en Brasil, en la ciudad de Sao Paulo y en Ciudad de
México aunque se reconoce que la separacién de la basura es muy deficiente o no
s¢ hace. -

“La incineracién central tiene la ventaja de disminuir, tanto los costos totales
de inversidén, como los de operacién y mantenimiento, y de facilitar la obtencién de
mayores niveles de eficiencia y de suficiencia técnica. En contraste con lo anterior,
implicd mayores costos de transporte y la introduccién de un factor de riesgo
sunitario-ambiental adicional asociado al trénsito de desechos infecciosos fuera del

recinto del hospital. Por otra parte esta solucién sélo resulta aplicable a grandes

ciudades en donde la cantidad total de residuos a incinerar permita alcanzar los bajos
costos y los niveles de eficiencia buscados.

Existe también la alternativa de usar este sistema mediante la habilitacién de

un incinerador sobre dimencionado de algun hospital grande, al que se lleven los
residuos de otros hospitales y clinicas.

La factibilidad técnica y econémica de dar adecuado tratamiento y disposicién
final a los residuos hospitalarios esta directamente relacionada con la posibilidad de
implementar una efectiva separacidn en origen de las fracciones peligrosas. Tal
como se ha senalado anteriormente, el mezclar los residuos infecciosos con el resto
de los residuos obliga a tratar al conjunto con los mismos procedimientos y
precauciones aplicables a los residuos infecciosos, encareciendo y. dificultando la
operacion del sistema. Por el contrario, una buena separacién en origen permite
derivar la mayor parte de los residuos s6lidos producidos en un hospital a la
recoleccion municipal y reservar los procedimientos especiales y de alto costo s6lo
para los residuos peligrosos. Lo anterior es vélido tanto si el tratamiento se hace en
el propio recinto del hospital como si se realiza fuera de €1.

Este enfoque ha sido aplicado en paises como Chile y Cuba, en donde se
practica la separacién en origen de las fracciones infecciosas, las que son
incineradas, biodigeridas o esterilizadas en unidades de pequefio tamafio
especialmente disefiadas
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para tratar este tipo de residuos. Asi mismo en estos paises se promueve la
separacién de los residuos provenientes de Ia elaboracién de alimentos con el fin de
aprovecharlos en la cria y engorda de animales. El resto de los residuos, junto a las
cenizas de incineracién, son recogidos por el servicio municipal.

Legislacién -

Por regla general, la legisiacién, reglamentacién y normativa existente en los
paises latinoamericanos y del Caribe en relacion con el manejo de los residuos
sélidos de hospitales es insuficiente, demasiado 'general en muchos casos y
demasiado rigida en otros. Ejemplo de este iltimo son las disposiciones legales que
obligaban a incinerar los residuos hospitalarios en el propio establecimiento, como
es el caso del municipio de Rio de Janeiro (Dec.498/76), sin posibilitar la adopcién
de soluciones conjuntas, tales como la mcmeramén centralizada o el uso de otras
técnicas de tratamiento.

Sin perjuicio del ejemplo anterior, en la mayor parte de los pafses la
legislacién y reglamentacién vigente sélo establece principios generales sin definir
claramente las responsabilidades de las diferentes instituciones involucradas, sin
identificar convenientemente las diferentes categorias de desechos y sin instituir los
requisitos de manejo ni los mecanismos de vigilancia y control.

Aspectos Institucionales

Si bien en la mayoria de los paises de la Regién existe cierto concenso ticito
en cuanto a que la responsabilidad de manejar adecuadamente los residuos sélidos
hosprtalarios es del propio hospital, en la préctica tal responsabilidad se extiende sélo
al tempo en que los residuos permanecen dentro del predio del establecimiento.
Una vez que los residuos son retirados, sea por la recoleccién municipal o por
empresas pariiculares, el hospital se desentiende de la suerte que corran
posteriormente los desechos, responsabilidad que, salvo excepciones, tampoco es
asumida por el recolector.

Adn dentro del mismo hospital el manejo de los residuos sdlidos es una
funcién anexa asignada al administrador o al encargado de servicios generales, quien

usualmente no dispone de suficiente personal capacitado ni de implementos o equipo
para desarrollar adecuadamente su labor.

El vacio administrativo anterior se ve agravado debido a que usuaimente el
~personal encargado de ejercer vigilancia y control sobre los factores ambientales
capaces de afectar la salud de la poblacidn pertenece al propio sector salud, al igual
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que parte importante de los establecimientos hospitalarios, lo que muchas veces
inhibe a dicho personal para ejercer eficazmente sus atribuciones.

El esquema disefiado en Brasil en cuanto a estructurar un Sistema de
Vigilancia Sanitaria al margen de la tuicién directa de las autoridades locales de

salud parece ser una alternativa institucional que permite superar las limitantes arriba -

mencionadas. : -

ALTERNATIVAS DE MANEJO DE RESIDUOS SOLIDOS DE
HOSPITALES

Las alternativas disponibles para el manejo de los residuos sélidos de un
hospital estdn estrechamente ligadas al tamafio del establecimiento y al tamaiio de la
localidad urbana en que éste esta inserto: Un hospital de gran tamafio podrd estimar
conveniente instalar un incinerador para tratar los desechos infecciosos que genera,
incluidos los restos de cirugfa y obstetricia, en tanto que un hospital pequefio ubicado
en una localidad aislada podrd optar por enviar los restos de tejidos humanos, junto
con otros desechos infecciosos, al cementerio local .y por descontaminar los objetos
cortopunzantes y otros objetos contaminados para enviarlos, convenientemente
acondicionados, a la recoleccién municipal. Por su parte, un hospital de tamafio
medio ubicado en las cercanias de otro hospital mayor podrd encontrar interesante
establecer un convenio con este dltimo para utilizar sus facilidades de incineracién.
Similarmente, la posibilidad de adoptar una solucién centralizada para el tratamiento
o disposicién final de los residuos hospitalarios dependerd directamente del tamaiio
del conglomerado urbano.

En todo caso, cualquiera sea el tamafio del establecimiento y de la localidad,
la ‘separacién-en origen de los residuos peligrosos, en especial de los residuos
infecciosos, y de los objetos cortopunzantes es una practica necesaria que le
permitird seleccionar las mejores alternativas de manejo a costos razonables,

Separacion de los Desechos

La separaci6n de los residuos infecciosos requiere del uso de recepticulos
diferenciados, claramente identificables por su color. La cantidad y capacidad de
los recepticulos dependerd de las actividades que en cada drea del hospital se
desarollen y podrd ser estimada aplicando tasas de produccién conocidas o por
inspeccién directa. La implementacién de un sistema de separacién implica disponer
ademds de facilidades de recoleccién interna y de almacenamiento independientes del
resto de los residuos.
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Es importante definir muy claramente cuales serdn los residuos considerados
i1eaciosos y poner en conocimiento del personal médico, paramédico, auxiliar y de
servicio esta definicién, ' :

Ia separacién de !os objetos cortopunzantes debe hacerse también en origen.
Unua vez separados estos objetos deben embalarse convenientemente en cajas de
cartdn rigido o en envases pldsticos resistentes para evitar la ocurrencia de accidentes
v la rowra de las bolsas de desechos. Para estos efectos pueden utilizarse. cajas y
envases sobrantes de bodega. farmacia y laboratorio. Los objetos cortopunzantes,
convenientemente embalados, deberdn manejarse junto con los residuos infecciosos,
a menos que se los someta a un proceso de esterilizacion, ¢aso en el cual podran
manejarse junto con los residuos comunes.

Tratamiento de los Desechos Infecciosos -

En hospitales de gran tamafio el procedimiento recomendado, cuando se opta
por tratar los residuos dentro del recinto del establecimiento, es la incineracién.

Cuando no se dispone de facilidades de incineracién en el recinto del hospital

on vesiduos pueden ser tiastadados hasta otro hospital que disponga de incinerador,
. +umpre que las condiciones de localizacién y acceso a esta unidad permitan hacerlo
“on riesgo para la poblacién hospitalaria. En todo caso esta alternativa requiere
Jizponer de un vehicuio de transporte cerrado, estanco, lavable y de fdcil
dac'infeccion que en ninglin caso podrd utilizarse para transportar personas,
~Tinentos, ropas o medic.imentos.

Si no existe la posibilidad de utilizacién conjunta de facilidades de
incineracién y la localidi:d dispone de un relleno sanitario que cumpla cabalmerite
con los requisitos propics de este tipo de instalaciones, en especial lo referente a
cubrimiento oportuno de los residuos, ausencia de recuperadores y control de
liquidos percolados, puede establecerse, siempre que la autoridad sanitania local io
autorice, un convenio para disponer en el relleno sanitario los residuos infecciosos.
Esta alternativa requiere de la habilitacidn de zonas especiales de descarga, retape
inmediato y de un sistema de transporte de los residuos sujeto a las mismas
restricciones consignadas en el parrafo anterior.

Evidentemente, tratdindose de localidades urbanas de gran tamafio debe
estudiarse la convenieéncia de establecer soluciones centralizadas, las que pueden
nptlarse sobre la basn de incineracidn o de rellenamiento sanitario en una
“waiacion especialmente disefiada y habilitada para este propdsito, todo lo cual debe
Chiar sujeto a estricta reglamentacidn y vigilancia.

. 10s hospitales ¢ tamafio medio y pequefio usualmente les resulta muy
- asala instalacién y eperacidn de un incinerador, en especial cuando en razén
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de su ubicacidn, lejos de los grandes centros urbanos, no pueden acceder ficiimente
a los servicios de mantenimiento y reparacién. En estos casos una alternativa para
¢l tratamiento de los residuos infecciosos es el enterramiento en el cementerio local,
previo establecimiento de un convenio entre ambas instituciones, o su disposicién en
el relleno sanitario de la localidad, siempre que este reuna: los mismos requisitos
sehialados mds arriba. .

También se han empleado con éxito en estos casos digestores biolégicos,
tanto de tipo seco como de tipo mimedo. Este tipo de unidades es de muy bajo
costo y permite tratar los residuos de cirugia, obstetricia, laboratorio y demds
desechos infecciosos biodegradables. Los biodegestores himedos 'se han utilizado
con o sin triturador. Los objetos cortopunzantes y otros objetos no biodegradables
contaminados con sangre o sus derivados se someten a esterilizacidn, en autoclave
y se derivan a la recoleccién municipal, convenientemente embalados, junto al resto
de residuos del hospital. De acuerdo a la literatura técnica disponible, el uso de
soluciones desinfectantes para tratar estos desechos no ofrece suficientes garantias
de esterilizacién, en especial cuando hay objetos con orificios de pequefio didmetro
o con zonas que favorezcan la formacién de burbujas, como es el caso las agujas de
jeringa.

E! uso de trituradores para eliminar placentas y otros tejidos blandos a través
¢e la red de alcantarillado ofrece reservas desde el punto de vista sanitario, ain en
¢l caso de existir un sistema de tratamiento de aguas servidas en la localidad.

SINEAMIENTOS PARA LA FORMULACION DE PLANES DE MANEJO
INTERNO

El propésito fundamental al formular y aplicar un plan de manejo de residuos
solidos al interior de un hospital esdq de reducir, tanto como sea posible, los riesgos
que para la salud de la poblacién hospitalania derivan del manejo de los diferentes
tpos de desechos que genera el hospital, en especial de aquellos desechos que por
su cardcter infeccioso o por sus propiedades fisicas y/o quimicas presentan un alto
grado de peligrosidad.

Un plan de este tipo debe ser formulado de acuerdo a las caracteristicas
particulares de cada hospital y a la reglamentacién y normativa vigente, debiendo
quedar claramente establecido en el documento respectivo las opciones de manejo

seleccionadas, los recursos necesarios y el funcionario responsable de implementar
P oplan. '

La elaboracién de planes para el manejo interno de los residuos sélidos
hospitalarios puede verse facilitada al considerar los aspectos sefialados a
conipnuacion; ’ '
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- Caracterizacién cualitativa y cuantitativa del problema, estableciendo con la
mayor precisién posible las cantidades de residuos producidos en cada
servicio de especialidad médica y unidad de apoyo, asi como las
caracteristicas de peligrosidad de cada fraccién componente, de acuerdo a la
clasificacién establecida al respecto por las normas vigentes, o, en su defecto,
a la clasificacion adoptada por el hospital. . .

- Seleccién de las alternativas técnicas y procedimientos mds convenientes para

el manejo interno de los residuos, incluyendo separacién, almacenamiento en
las zonas de produccién, acondicionamiento, recoleccién interna,
acumulacién, tratamiento y eliminacién de. los residuos tratados,
identificando, en cada caso, los responsables de ejecutar cada accidn, . los
recursos humanos y materiales necesarios y los requerimientos de espacio
fisico para ejecutarlas. -

- Disefio de un plan de emergencia para hacer frente en forma eficaz y
oportuna a situaciones accidentales como derrame de liquidos infecciosos,
ruptura de bolsas pldsticas y recipientes, fallas de equipos, etc.

- Disefio de programas de capacitacién y entrenamiento permanentes, tanto
para el personal encargado de manejar los residuos como para aquel que los
genera.

Elaboracién de normas de procedimiento escritas para la-¢jecucién de cada
una las labores correspondientes al sistema de manejo seleccionado.

.- Elaboracién de un presupuesto para la implementacién y el funcionamiento
del sistema para su presentacion a la autoridad competente.

- Coordinacién con el’ Comité de Prevencién y Control de Infecciones
Intrahospitalarias del establecimiento con el fin de asignar responsabilidades,
establecer programas de informacidn, capacitacién y entrenamiento a todos
los niveles y de implementar programas de fiscalizacién.

LINEAMIENTOS PARA LA FORMULACION DE PLANES DE MANEJO
EXTERNO

Al igual que el manejo interno de los residuos sélidos hospitalarios, el manejo
c~iemo de los residuos generados por un hospital debe obedecer a un plan
. 2v1amente concebido cuyos objetivos principales deben ser, en primer término, el
~-uar que los residuos que salen del hospital generen situaciones de riesgo para la



salud de la poblacién y, en segundo término, el lograr que el manejo ambientalmente
adecuado de los residuos se haga utilizando los recursos comprometidos tan
cficieniemente como sea posible.

Como se ha sefalado anteriormente, no siempre resulta posible ni conveniente
¢l tratar dentro del establecimiento la totalidad de los residuos infecciosos producidos
en un hospital. Si bien ello puede representar ventajas para grandes complejos
hospitalarios, puede no ser practicable o econémico en hospitales de menor tamafio.

En estos casos una solucién conjunta que permita aprovechar eficientemente
las instalaciones de un determinado hospital o una solucidn centralizada que abarque
una determinada 4rea geogrdfica puede resultar mucho mds conveniente.

La fé)nnulacidn de un plan de manejo externo de los residuos sélidos
hospitalarios requerird de la participacién a nivel local de los diferentes sectores
involucrados y deberd contemplar al menos de lo siguiente:

- Realizacién de un acabado estudio de.la localizacién de los hospitales en el

drea, su tamafo, caracteristicas de la atencién proporcionada, etc. Asi

.mismo se deberd conocer los planes de expansién de los establecimientos
existentes y los proyectos de nuevas instalaciones hospitalarias.

- Evaluacidn técnica y econémica de la conveniencia de establecer soluciones
centralizadas, conjuntas o individuales, tomando en cuenta la capacidad del
equipamiento existente y la posibilidad de optimizar su aprovechamiento.
Esta evaluacidén debe contemplar, entre otros, aspectos sanitarios, ambientales
y de seguridad en la operacién y continuidad del servicio:

- Definicién de una politica clara en cuanto al rol que desempefiard en el
.esquema de solucién adoptado el productor de los residuos, el sector piblico
y el sector privado. Al respecto cabe sefialar que cualquiera de las etapas del
manejo externo puede ser ejecutada tanto por el sector piblico como por el
sector privado y que en ambos casos hay ventajas e inconvenientes que deben
ser evaluados en funcién de las condicionantes locales especificas.

- Elaboracién de cuerpos reglamentarios acordes la politica definida y con el
esquema de solucién adoptado. Esta reglamentacién deberd incluir aspectos

sanitario-ambientales del ~manejo externo, sistemas tarifarios,

responsabilidades de cada institucién y sector involucrado y mecanismos de
vigilancia y fiscalizacidn.
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- ~ Andlisis del marco legal existente en relacién con el tema y elaboracién de
leyes y reglameqtds necesarios para el correcto desarrollo del plan.

“ASPECTOS RELEVANTES A SER ABORDADOS POR LA LEGISLACION
Y REGLAMENTACION.

La legislacién y reglamentacién en materia de manejo de residuos sélidos de
hospitales debe abordar, entre otros, los siguientes tOpicos:

- Definicién de residuos sélidos de hospitales incluyendo la definicidn de las

diferentes fracciones componentes, en especial de aguellas que por su
peligrosidad requenirdn de un manejo especial.

- Establecimiento de normas para el control de los riesgos ocupacionales,
sanitarios y ambientales asociados al manejo de los residuos sdlidos

hospitalarios asi como de normas de procedimiento para atender situaciones
de emergencia.

- ‘Establecimiento de incentivos para lograr disminuir la cantidad de desechos
producida y promocién de la recuperacién y el reciclado de materiales,
cuando ello pueda hacerse sin riesgo para la salud del personal de servicio,
poblacién hospitalaria y comunidad en general.

- Normalizacién de los requisitos exigibles en cada una de las alternativas
técnicas aplicables al manejo de los residuos sélidos hospitalarios.

- Establecimientos de un sistema tanfario en relacién con los servicios
prestados por terceros.

- Establecimiento de sistemas eficaces de vigilancia y control del manejo
sanitario de los residuos sélidos de hospitales.
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INTRODUCTION

1.0 INTRODUCTION

Strategy Document

1.01 This Strategy Document is one of the series of
documents produced during the Healthcare' Waste
Priority Waste Stream Project. The Strategy Document,
Information  Document, Information Summary and
Executive Summary form the main final products of the
project.

1.02 The important issues for healthcare waste management
have been identified by the Project Group and the
strategies for each have been develcoped by open
.discussion. The strategies are presented in this
report as a statement for. each issue together with
supporting text. The strategies are listed  in the
tables in Section 2.0.

1.03 : The aim of this document is to provide recommendations
- to the Eurcpean Commission for the. development of
community action on the measures and procedures
necessary to' control the risks to human health and
harm to the enviromment caused by healthcare waste
management . The basic concept is to minimise resources

used without prejudicing healthcare itself..

Aim and Background of the Project

1.04 In September 156% the zZuropean -Commission AQe..vered a
"+ gommunity strategy for waste management to th: Council

o

of Ministers and European Parliament. On March 22,

s T e -t - ra o - - - - m o = - g
1550 tne ZZ Jouncios of Invironment Minlsters sHRLYESEER

its approval of the Commission’s strategy and endorsead
it with a Resolution of the Council concerning wasrte
management (&7 Ciz2, 18.5.15530).

1.05 Irn its strategy the Commission states that the central
focus of this source-oriented  policy has to be
products as well as production processes. The main aim
ig te aprly a "cradle to grave" perspective on the
product since it is only such a policy that will lead
to "sustainable development". Wherever possible, it is
‘necessary to look for environmentally acceptable
solutions with groups that directly influence " the
production and consumption patterns ahead of the waste
stage.

Healthcare Waste Priority Waste Stream Project Qctober 1955 :FE;
Strategy Document 1
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The aims of the EC Treaty, Action Programmes and
Policy Statements in the field of waste management ar

characterised by the "ladder principle", a broaa
hierarchy of waste management options. Highest
priority is given to prevention, followed by recovery
(re-use, recycling, combustion with energy recovery),
incineration and, finally, landfill of waste.

A new form of working called the “"strategic
discussion® method has been employed involving open
discussion at Community level 'and allowing active
involvement on the part of those who have not hitherto
had a sufficient role in the early development of
strategic solutions.

Healthcare waste is one of a series of "priority waste
streams" identified for "strategic discussion”.

The Healthcare Waste Project commenced in June 1992
and progress has been made in a systematic manner.
The project phases have been developed by the Project
Group comprising key actors in the field of healthcare
waste production and disposal. Initially the work
involved developing a programme of work together with
aims and objectives. The basis for further work has
been developed from information on the current
situation and analysis 1identified ©probiems and
onoo*tu ities. Strategles have been selected from

- T e 2m e, E e et e Q \.c:ﬁ..,_; et i ez Y momaea —~

- - S E e =T m—- TS e e ST - =T - -

nealtncare waste management.

are waste (HCW) refers tc all wsste ariging
.Tthcare practices. Only a small propcerticon of
this waste poses any greater risk <than normal

1d, or municipal waste. Segregation. of
healtrcare riss waste (HCRW) for separate tredtmen:
and disrcosal 1s, therefore, a key issue £fe¢r this
proiect.

The Group has developed a definition for HCRW and this
is given  in section 3.0. The main aim is to minimise
risk to ‘human health whilst at the same time
minimising the resources used for healthcare or
disposal. As such the "ladder principle" needs to be
modified in its application to this waste stream.

Incineration with energy recovefy is only one aspect
of the wider concept of safe healthcare waste disposal

with the least use of environmental resources, such as

energy. It is more important to follow this basic

Healthcare Waste Priority Waste Stream Project ' ) October 1995
Strategy Document 2
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INTRODUCTION

concept of minimising resources use, without
prejudicing healthcare and the environment, rather
than to slavishly follow the ladder principle.

1.13 The strategies in this document represent qualitative:
targets for improvements ., in the management of
healthcare waste. 'The Project Group considered that
quantitative targets based on the ladder principle are
not appropriate for this waste stream at this stage
because: ' '

° advancing healthcare practices and minimising the
risk to human health take priority over
environmental factors;

® there is great diversity in the management,
treatment and disposal practices in operation in
different Member States; and

e there 4s no common system of categorisation and
recording of HCRW quantities on which to base and
monitor implementation of targets although these
should be produced in time.

Healthcare Waste Priority Waste Stream Project October 1995 QZJS
Strategy Document 3
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2.0 STRATEGY SUMMARY

ISSUE STRATEGY
GENERAL STRATEGIES

Definition Adbbt definition produced by the
Project Group.

Prevention of waste | Prevention is to be encouraged.
Prevention must not present a barrier
to technological innovation or to
ensuring high standards of healthcare.

Recycling of waste If a suitable market exists then the

o recycling. of suitable fractions of
healthcare waste should be encouraged
providing that recycling does not
compromise healthcare standards, or
standards for handling healthcare risk
waste (HCRW). )

Re-use - Re-use of products should be
encouraged, but guidance must be
provided on those products suitable
for re-use and those that are not.
Re-use of products must not compromice
healthcare standards or standards for

w2 e UAD

Education and Compulsory education and training for .
training/health and | healthcare and waste management staff,
safety at work linked to the risks involvead Zor all

aspectes cf healthcare waste
management, should be introduced,

of competence,

Public perception | The public perceptior ¢f risk should
be actively addressed to promote the
reality of the situation. Relevant,
understandable and correct information
should be made available in crder to
achieve an improvement in
understanding. '

76
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Research policy Research projects should be promoted,
.but selected on the basis of the
priorities set out in the strategy
statements for healthcare waste.

Waste management Member States’ waste management plans

planning should detail the provisions, telated
: ’ to BEuropean Directives, to be made for

HCRW management and disposal.

Healthcare Waste Priority Waste Stream Project Octcber 1985
Strategy Document . 5 '
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ISSUE . STRATEGY

STRATEGIES FOR

HEALTHCARE

PRACTICES. : C '

Selection of Medical product selection should be based I

Product on healthcare performance, with I

. consideration of the life cycle
environmental effect.

Segregation HCRW should be strictly segregated at

. source and the appropriate disposal route
chosen in accordance with the waste
management plan.

Packaging Guidance should be produced for a common

B system of packaging HCRW taking
legislation into account.

Labelling Guidance should be produced on how to
apply a common system of labelling and
coding for HCRW taking leglslatlon into
account.

Transport and Guidance should be developed for storage

stcrage on site, transport and storage pricr o

' pre-treatment and disposal taking

Standards: for - Minimum performance standards for pre-

pre-treatment | treatment of HCRW prior to disrceszl sheuld

and disposal be developed and enforced where they do
riot exist.

Fre-treatment The use cf validated methods ©of pre-

reatment should be encouraged if =
decrease in the risk of harm to human
healtn or pollution or a reduction in
costs will result.

Quantities A system of record keeping for HCW should

(record keeping) | be developed. Record Keeping should be in
accordance with the Waste Framework
Directive.

"Responsibility Responsibilities, including those on

. individuals, for all aspects of healthcare
risk waste management should be deflned
and enforced by legislation.

+¥



2.0 STRATEGY SUMMARY

P e e e —————

ISSUE

STRATEGY

STRATEGIES FOR
TREATMENT AND
DISPOSAL

Choice of
methods

Disposal of
neon-risk
healthcare
waste via
municipal waste
stream

Disposal of
human tissue
via crematoria
or burial

Disposal of
rea.tncare risx
waste via
municipal waste

raTore

_.n\__l'"!:' -

‘with special

design features

Energy recovery

Proximity
principle

or tissues

)*]

. =
B3

b al

.recovery from healthcare waste should be

.| Guidance should be developed.for the

The choice of method or methods of pre-
treating and disposing of healthcare risk
waste should be left to the Member State
providing that performance standards are
metL.

Disposal of non-risk healthcare waste and
risk HCW treated to make it non-risk may
be carried out via the municipal waste
stream if appropriate quality assurance
systems are in place.

When disposal of recognisable human organs
(not including blood) takes
place via ‘the whole body disposal route,
it must conform to national law and be
under tne responsibility of medical,
environmental and ethical authorities.
crematoria are used they should comply
with De*Fc*mance standards for

If

\.'\n .

rovided that spread of infection is
tnrougn validated and aualzsad
rocedures, the use of specifically
ae51gnec or adapted municipal waste
ratcrs should be encourages.
Manda;ory conditions must be app¢1eo and
monitcored, and specific approval _veu.
The disposal of toxic and rad1oac ive
wastes through municipal waste '
incinerators should not be allowed.

B~~~

Assessment of the potential for energy

encouraged, with consideration of the
overall cost and environmental benefits.

implementation of the proximity principle
in relation to the treatment and dlsposal
©f healthcare risk waste.

- — — — —— — — ——— ———— |
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3.0 DEFINITION

3.0

. 3.

01

DEFINITION

One .of the first tasks ‘of the Project Grougp was tc
formulate a definition for healthcare waste as there
is .considerable ‘variation between Member States. The
definition took the draft European Waste Catalogue
(EWC) - developed from the Waste Framework Directive
75/442/EEC (and adopted on 20 December 1993) - as a
basis and adopted an existing classification system
for infectious waste. It is recommended that the
definition, which is reproduced below, is adopted at
a Community level.

a) '~ Healthcare : Medical .activities such as
diagnosis, monitoring, treatment, prevention of
diseagse or alleviation of handicap in humans or
animals, including related research (see note 1)},
performed under the supervision of a medical
practitioner or veterinary surgeon (see ncte 2).

b) Healthcare Waste : The solid or 1ligquid waste
arising from healthcare.

c) Healthcare Rigk Waste _
° Biological (recognisable anatomical wasze)
e Infectious (see note 3)

® f'*'.-.:«--' .--,-;1 -t o ge b nae

CYTOLCXInS '

® Sharps (eg. needles, scalpels)

L ] Radiocactive (refer to Radicactive Wasrce
Directivei(s;,

Note 1 : Wherever appropriafe and applicable, waste-

irem basic anéd fundamental biomedical ani Thex
research shall be managed according to the orinciples
set out for healthcare waste and healthcare risk
waste.

Note 2: The above mentioned supervision may alsc be
carried out by any other person authorised by virtue
of their professional qualifications to do so.

Note 3 : Infectious waste 1is any Healthcare Waste

known or clinically assessed to be at risk of being
contamlnated with:

a) any of the biological agents mentioned in Article
2(d) Groups 3 and 4 or identified through the
procedure set out in Article 3 of the Council
Directive (90/679/EEC) of 26 November 1990 (amended by
Directive 93/88/EEC) on the protection of workers from
risks related to exposure of biblogical agents of

£o



3.0 DEFINITION

Article 16(1} of Directive 8%/391/EEC or

b) Wlth other viable biological agents artificially
cultivated to significantly elevated numbers.

3.02 This project has been concerned mainly with healthcare
risk waste. It has not addressed the issue of
genetically modified micro-organisms which is covered
by Council Directive 90/219/EEC. Figure 1 illustrates
how healthcare risk waste relates to the total amount
of waste produced. at’ a hospital but the system can
also be applied to other sites of healthcare risk
waste production. Figure 2 illustrates the strategy
for dealing with healthcare waste following
segregation between risk and non-risk waste,

Figure 1 : Relationship of healthcare waste to the total waste
produced at a hospital.

Total Hospital Waste

HCrwW CNRW

HCW Healthcare Waste
HCRW Healthcare Risk Waste
HCONRW= Healthcare Non Risk Waste

Healthcare Wagte Priority waate Stream Project \October 1995
Strategy Document 9



4.0 GENERAL STRATEGIES

GENERAL STRATEGIES

Definition

The first step '‘towards the regularisation of
healthcare waste management . practices within the
European Community should be the production of a
Europe-wide definition of healthcare waste. The
definition produced by the Project Group is given in
Section 3.0.

Statement:

4.02 Adoﬁt the definition produced by the Project Group.
Prevention of Waste

4.03 The aims of the EC Treaty Action Programmes and Policy
Statements - are characterised by the "ladder"
principle, & broad hierarchy of preferred waste
management options. Prevention is given highest
priority in the "ladder".

2 T2 Tgszuzes comTributing to rreventicor includs ssovscrooon
re-use, recycling and seiection of med.ica: TroducTis
and devices by users.

Statement:

4.05 Prevention is to be encouraged, but must not present
a barrier to technological innovation or to ensuring
high standards of healthcare.

Recycling of Waste

4.0¢€ Recycling is defined, for the purpose of this prcoiect,
as "using waste as a raw material".

4.07 Recycling of healthcare risk waste without pre-
treatment is not an option. Even with pre treatment it
is not recommended.

4.08 The basis of successful and effective recycling of

Healthcare Waste Priority Waste Stream Project October 1995
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4.0 GENERAL STRATEGIES

""healthcare waste is effective segregation. Some raw

materials, not classified as healthcare risk waste
(eg. glass, paper, cardbcoard, metal etc.), are already
recycled as a, 6 matter of course. Others are not
recycled because of ineffective segregation systems or
lack of healthcare perscnnel motivation or both. It is
essential, however, to establish the  size and
reliability of the market for the raw materials before

.comprehensive ‘recycling schemes are introduced.

Statement:

If a suitable market exists the recycling of suitable
fractions of healthcare waste should be encouraged;
but recycling must not compromise healthcare standards
or standards for handling healthcare risk waste.

Re-use

There are three principal aspects of re-use: re-use of
single use medical devices and equipment for the same
purpcse; re-use of medical equipment for non- medical
purposes; and re-use of items designed for re-use.

= =.cf =szdizzl devices amg egulrmsni InTandscg
o] ingie use for the same purpose and the extended
re-use of re-usable items both entail potential safety
prcklems. In some European countries, legal tests for
product 1liability claims are based on reasonable
fcreseeability or expectation that a product will
cause injury. .

T

Fh ]
H

m
[ SRl

Re-use of medical devices and equipment fcor ncn-
medical  purposes (eg. re-use of scalpel blades for
craft purposes,) 1is less problematic. However, the
success of such schemes depends on ~ effective
segregation and the availability of suitable, cost
effective treatment to remove the health risk.

Re-use is directly below prevention in the hierarchy
of preferred waste management options: it is an option
that the healthcare waste Project Group would wish to
see encouraged. However, the re-use of items designed
for single use is not acceptable. Only items designed
for re-use should be re-used: even then, treatment.and
guality assurance systems should be introduced to

" ensure that risks to patients and healthcare workers

Healthcare Waste Priority Waste Stream Project ‘. October 1995
Strategy Document 11
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4.0 GENERAL STRATEGIES

4.14

4.16

are not increased. Items should be selected for re-
use according to the levels of risk associated with
such practices and the environmental benefits.

Statement:

Re-use of products should be encouraged, but guidance
must be provided on those products suitable for re-use
and those that are not. Re-use of products must not
compromise healthcare standards or standards for
handling of HCRW.

Education and Training/Health and Safety at Work

The issue of education and .training is closely
connected to health and safety. Education and training
of personnel - involved in all aspects of healthcare

' waste management are related to the safety of those

personnel and protection of the environment.

Community legislation requires the protectien at work
cf all handlers of healthcare waste , including

professional and non-professional staff. Many Member
States vrovide guidance to enabkle émrlovers o~ develor
poiicies Ior rnandiing and 4Qisposing ¢I nealzncars
waste that will safeguard their employees and others.

Council Directive 89/391/EEC introduces measures to
encourage 1mprovemen:s in the safety arnd =nsal:ir cf
werkers at work and recguires designated indiv:iduals ¢
carry out activities related to protection an
preventlcrn ¢f occupational risks. Respcormsinlilicy i
alsc placed on each worker to take care, as far
possible, of his own safety anada health and tnat
other perscns affected by his acts.

[«T ]
b 0

0

Responsibility for waste management must be defined,
both in and outside the production site. Within the
production site it i1s the responsibility of the
healthcare institution; outside the production site
{transport, treatment, disposal) it is the

_responsibility of the waste management operators.

Adequate health and safety legislation exists but
needs to be enforced, particularly in accordance with
the defined responsibilities for all those parties
involved. in the management of HCW.

Healthcare Waste Priority Waste Stream Projéet ' October 1995
Strategy Document ‘ 12
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Statement:

4.19 Compulsory education and training for healthcare and
waste management staff should explain the risks
involved ' in all aspects o©of healthcare waste
management. A system of assessment of competence
should be introduced.

Public Perception

4.20 Public perception covers a wide range of issues:
[ The management and disposal of healthcare waste
] Fears and concerns of the public about the

hazards to themselves and the environment from
healthcare waste exposure

L Pressure from local planners and authorities on
producers of healthcare waste, developers of
disposai plant, and others

® Marnagement of healthcare waste arising in  the
' homa due te the increase in home care.

4.21 Healthcare risk waste must be adeguately defined i.e.
by type of risk. Clear, 1logical and effective
segregztlicn systenms need to be in place and sultaclis

cf <:hsnca=‘-a'I adopted for each type of waste in
order to relieve the fears, concerns and pressures
cutlinsd gkhovs. Tha public must be reascnakly assuyved
that healthcare risk waste is being dealt with in the
oSt Eropriace ana environmentally acceptlacie way.

Statement:

4.22 The public perception of risk should be actively
influenced to promote the reality of the situation.
Correct, relevant, and understandable information
should be made public in order to achieve an
improvement in understanding.

Research Policy

Healthcare Waste Priority Waste Stream Project ‘ October 19395
Strategy Document 13 . ' 2
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4.0 GENERAL STRATEGIES

4,23 Research (public and private sectors) on healthcare
' waste covers areas such as risk analysis, recovery and
disposal, pre-treatment/treatment, and creation of
data-bases. Changes in medical practices and products

also come under this general heading.

Statement:

4.24 . Research projects should be promoted. Selection of
projects should be on the basis of the priorities set
out in the strategy statements for healthcare waste.

Waste Managehent Planning

4.25 The Waste Framework Directive reguires Member States
to prepare national waste management plans. These
plans should include the management and disposal of
" healthcare risk waste. (Council Directive 75/442/EEC -
on Waste amended by Directives 81/156/EEC and
91/692/EEC.)

Statement:

2. IF Member States’ waste management plans sheuld detsill
the strategic provisions, related te European
Directives, to be made for healthcare risk waste
management and disposal..

Healthcare Waste Pr_iority‘Waste Stream Project - October" 1955
Strategy Document 14 ?6
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5.0 STRATEGIES FOR HEALTHCARE WASTE PRACTICES

Selection of Product

5.01 The quantity and type of materials, including
packaging, entering the healthcare waste stream can be
significantly influenced by careful selection of:
products used for medical purposes. Changes are taking
place in the manufacture of many products, e.g.
‘changes in the composition of products. Producers need

- to recognise and understand these changes if they are
to select the most environmentally acceptable product

5.02 Primarily the selection of products should be based on
the criteria in the Medical Devices Directive,
(93/42/EEC) e.qg, efficiency, side effects, security .

'5.03 Packaging of products can influence waste quantities
and product selection. The proposed EC Directive on
Packaging and Packaging Waste (COM(93) 416 final - SYN
436)) will place a reguirement on Member States to
achieve recovery and recycling targets for packaging
waste. It will also provide for harmonisation of the
criteria for packaging and packaging materials

= - S

ERY}

e D memm iz = e fe easmAed o -
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of _different products and

ana costs

its
materials. Life Cycle Analysis is one method of
appraisinc different environmental options.
Statement:
5.05 " Medical  product selection should be based on

healthcare performance, with consideration of the life
-cycle environmental effect (including wvalue for
money) : :

Segregation

5.06 Segregation is the key to effective healthcare waste
management. It ensures that the correct disposal
routes are taken, personnel safety is maintained,
environmental harm is minimised and the least
resources are used (see Figure 2).

Healthcare Waste Priority Waste Stream Project Cctober 1995
Strategy Document 15
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5.0 STRATEGIES FOR HEALTHCARE WASTE PRACTICES

5.07 Segregation'.is the responsibility of the waste
producer. Each healthcare institution should prepare
and follow a waste plan. Segregation should be

undertaken on the basis of the two types of waste
listed in the definition for healthcare waste,. i.e.

- - (1) Healthcare risk waste and its components and (2)
other (non-risk) waste.

5.08 Healthcare risk waste should be segregated at source
from other waste and treated in an appropriate manner.
Where healthcare waste is not segregated it should be
/ treated as risk waste. The healthcare instituticn
should identify the most appropriate disposal route (s}

for liquid and solid healthcare wastes.

5.089 Segregation of waste must reflect the risks : see
Figure 2. The initial sedregation must allow the
choice of a disposal route that minimises the use of
resources.

5.10 " Correct and efficient segregation will only be
achieved through rigorous training and education of
employees, supervisors and managers. Policies should

take this into account.
Statement:
5.11 Healthcare risk waste should be strictly segregated at

source and the appropriate disposal route chosen in
accordance with the waste management plan.

Packaging

5.12 Healthcare Risk Waste is packaged or contained between
the time of generation and the time of

treatment/disposal. In most Member States, guidance
exists for the selection of the most appropriate
packaging materials and methods.

5.13 From 1st January 1995 infectious waste from healthcare
. will be included 1in the Annex to the European
Agreement concerning the International Carriage of

"Healthcare Waste Priority Waste Stream Project . October 1995
Strategy Document 16
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.. Dangerous Goods by Road (ADR). An EC Directive

entitled ‘'The transport of dangerous goods by road’
will incorporate the provisions of the ADR.

Statement:

Guidance should be produced for a common system of

packaging HCRW taking legislation into account.

Labelling

A common system of labelling and coding of packaging .
needs to be developed for healthcare risk waste.

Labelling requirements for infectious waste are’ put
forward in annex A to the proposed EC Directive on
the Approximation of the Laws of Member States with
regard to the Transport of Dangerous Goods by Road.-:

Healthcare risk waste should be labelled to comply
with its reguirements

Statement:
Guidance should be produced on a common system of

labelling and coding for healthcare risk waste, taking
legislation into account.

Transport and storage

Some Member States have existing guidelines that cover
safety during the transport and storage of healthcare-
waste. These relate to aspects such as design of

.storage containers, length of storage, and design of

vehicles

All Member States have some form of special
collection and transport system for HCRW. The exact
form depends on the kind of facility, or the defined
hazardous nature of the waste, or both. Specific
conditions of transport of some HCRW are put forward

in the proposed Directive on the Approximation of the

Healthcare Waste Priority Waste Stream Project October 1995
Strategy Document 17-
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5.0 STRATEGIES FOR HEALTHCARE WASTE PRAéTICES

Laws of Member States with regard to the Trahsport of
Dangerous Goods by Road.

5.21 Healthcare risk waste requires specialised transport
methods: specially designed, purpose-built wvehicles
should transport the waste safely and hygienically
between the production point ‘and the disposal point.

5.22 Guidance should be provided on :
] storage facilities at the point of arising
. length of storage {(from time of arising to tlme

of treatment or disposal}

°. transport on and off site

o specifications for containers and vehicle

® storage facilities prior to treatment or disposal
5.23 Guidance should take into account the differences in

conditions existing in Member States, and between
small and large producers..

Statement:.
Guidance should Dbe déveloped for storage on site,

transport and storage prior to pre-treatment and
disposal, taklng legislation into account.

ut
[
iy

Standards for Pre-Treatment and Disposal (Treatment)

5.25 Pre-treatmént 1is usually carried out tc remgve the
risk from HCRW but can have other functions. With the
exception of . incineration, & there are no common
European - standards for treatment methods for
healthcare risk waste. If validated pre-treatment
methods are to be encouraged and utilised more widely,
standards should be produced and commonly agreed. The
terms treatment and pre-treatment overlap and have
been defined as follows:

-Pre-treatment is the initial treatment of waste
materials to make them safe to handle, or
precondition them for subseguent processing or

Healthcare Waste Priority Waste Stream Project E October 1995
Strategy Document is
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5.30

disposai. (Source: ISWA)

Treatment 1is any method, technique or process,
including neutralisation, designed to change the
physical, chemical or biclogical character or
composition of any waste, or to recover energy
or material resources from the waste, or to
render such waste non-hazardous or less
hazardous; safer to transport, store or dispose
of; or amenable for recovery, amenable for
storage, or reduced in volume. (Source: -ISWA)

The standards for pre-treatment methods need to be
commonly agreed but individually implemented by the
Member States,

Statement:
Harmonised performance standards for pre-treatment of

HCRW prior to disposal should be developed where
they do not exist.

Pre-treatment

A nurzzr ¢f metncds of pre-treating healthcare risk
waste to remove the risk are in use. One such method

iz st=azm treatment. Others exist or ‘are beingo
develcpsd. Their development and use shculd Dbe
erncourazsec wnere they produce envircnmenta. oY
economic benefits without prejudicing human health.
Statement:

The use of validated methods ¢of pre-treatment should
be encouraged if a decrease in the risk of harm to
human health, or pollution, or a reduction in costs
will result.

Quantities (record-keeping)

Quantities of healthcare risk waste arising vary among
Member States and are related to current policies,
definitions and perceived sources in each. Some data

Healthcare Waste Priority Waste Stream Project
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5.0 STRATEGIES FOR HEALTHCARE WASTE PRACTICES

and statistics are available but there are many gaps .-
filling some ‘of these gaps 1is fundamental to
establishing good waste management practices.

5.31 The Waste Framework Directive 91/156/EEC requires
record keeping for wastes, including HCRW.

5.32 The keeping of records is already in place in some
Member States, particularly at the point of disposal.
Record-keeping is regquired for the following reasons:

. it allows manufacturers to demonstrate that they
are striving to prevent waste;

® it enables producers of waste to establish
whether systems of standards are working;

® it is an effective method of setting and
measuring targets to promote the waste disposal
hierarchy;

® for economic reasons - because of the variation
in costs between HCRW, domestic and inert waste
disposal, it provides a means of improving

financial management.

. it assists in legislation, control and planning.
Statement:
5.33 - A system of record keeping for healthcare waste

should be developed. . Record keeping should be in
accordance with the requirements of the Waste
Framework Directive. :

Responsibility

5.34 The responsibility for all aspects o©of healthcare
risk waste management must be statutorily defined. All
HCRW producers need to be bound by a responsibility
for its disposal. The responsibility must extend to
.each person who accepts the waste, from the point of
arising to the point of disposal. Council Directive
89/391/EEC imposes obligations on employers (for the
provision of protective and preventive services) and
on workers’ . ' :

Healthcare Waste Priority Waste Stream Project ' October 1955
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Statement:

5.35 Responsibilities, including those on individuals, for
all aspects ¢of healthcare risk waste management should
be defined and enforced by legislation, where this has
not already been done.

6.0 STRATEGIES FOR TREATMENT AND DISPOSAL

Choice of methods
€.01 Standards must be established "~ for acceptable

performance of pre-treatment and disposal (treatment)
methods. These criteria should cover ’

® effectiveness
] health & safety
o environmental impact, and
] quality control.
€.02 If these criteria are met individual choices of

treatment should be made by the relevant Authority in
each Member State. T »

Statement:

6.03 -The choice of method or methods of pre-treating and
dispeceing of healthcare risk waste should be left to
the Member State, providing that minimum acceptable
performance standards are -met.

Disposal of non-risk healthcare waste wvia municipal
waste stream

M
C
i

Nor. risx heaithcare waste (which incliudes risk
healthcare waste treated to make it non-risk}) can be
disposed of wvia the normal municipal waste stream.
This method of disposal is used at present in many
Member States and has major economic benefits:
‘municicel waste disposal, including incineration, is,
at present, much less expensive than specialist.
disposal.

6.05 Central to this issue is the definition of risk waste
and whether or not infectious "risk" waste, once pre-
treated in validated processes, can be disposed of via
the municipal waste stream. <

Healthcare Waste Priority Waste Stream Project October 1995
Strategy Document 21

T



6.0 STRATEGIES FOR TREATMENT AND DISPOSA

6.06 Healthcare waste other than risk waste could be
disposed of via the municipal waste stream providing
there are adequate quality assurance systems in place.
Segregation schemes must be adeguately contreolled to
ensure that it is only the non-risk or suitably
treated waste being disposed of via this route.

Statement:

6.07 Disposal of healthcare non riskwaste (including
: healthcare risk waste treated to make it non-risk)
may be carried out via the municipal waste stream if
appropriate segregation and quality assurance systems

.are in place.

Disposal of human -tissue via the whole body dispcsal
route (WBDR)

6.08 The usual whole body disposal route is cremation o.
burial. Cremating or burying strictly segregated
human tissue would conform with the oproximity
principle, prevent duplication of facilities and
comnle~=nt . tvezsi~ant methedes ch=e sre  rmEnsr=llce
unsuitacz.e ICry numan Tissue. Tnls already cocuvs IZovw

practical and religious reasons in some areas but .can
cause cecncern and where acceptable must be dorme in an

etnica. marnner

6.09 - The guantities involved would be small. Packaging
should pe designed o take envircnmente. I-gacyo -ntz
account. If crematoria are used for the disposal of

the human tissue component of HCRW, the same stangaras

-

cf incineraticn as fcr HZRW should ke mes.
Statement:

6.10 When dispeosal of recognisable human organs or tissue
{not including blood) takes place via the whole body
disposal route, it must conform to mational law and be
under the responsibility of medical, environmental and

" ethical authorities. [If crematoria are used they
should comply with the performance standards for
HCRW] .

Healthcare Waste Priority Waste Stream Project October 1995
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6.0 STRATEGIES FdR TREATMENT AND DISPOSAL
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Disposal of healthcare rigk waste via municipal
incinerators with special design features

In the management of infectious health care risk waste
through incineration, due consideration should be
given to preventn.on of spread of infection during
transport and pre-incineration handling (including the
feeding of the waste into the - intinerator).
Appropriate packaging and labelling, and a validated
Quality System, are necessary. Use of municipal waste
incinerators would reduce the need for specialist
health care waste incinération facilities.
Incineration of health care risk waste is practised at
some sites without measurable impact on the
environment or health of employees. o

Municipal waste incinerators are not normally suitable
for the disposal of anatomical, toxic or radioactive
HCRW. If used for the disposal of anatomical waste,
the municipal incinerator should be equipped to ensure
the total destruction of the waste.

'Statement:

Provided that spread of infection is prevented through
validated and audited Pprocedures, the use of
specifically designed or adapted municipal waste
incinerators  should be encouraged. Mandatory
conditions must be applied and monitored, and specific
approval given. The disposal of toxic and radiocactive
wastes through municipal waste incinerators should not
be allowed.

Energy recovery

The use of combustion with energy recovery is one of-
the aims of the waste disposal hierarchy.

When censidering the benefits of recovering energy
from healthcare waste it is worth noting that the
guantity of waste produced is very small, less than 1%
of the total quantity of solid waste produced by the
Community as a whole. '

In some circumstances energy recovery from healthcare
waste incineration i1is not a wviable option. For
instance, the throughput of waste may be insufficient,

Healthcare Waste Priority Wapte Stream Project October 1995
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STRATEGIES FOR TREATMENT AND DISPOSAL
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1.0 INTRODUCTION

1.0

1.1

1.2

1.4

1.5

1.6

THE WAY FORWARD DOCUMENT - ITS CONTENT AND STATUS

This Document forms part of the final product of the Healthcare Waste
Priority Waste Stream Project. The other final documents are the
Information Document, information Summary and the Strategy Document.

This document presents possible, but not concluded, ideas for actions for
the issues identified during the course of the Project Group discussions.

Unlike the case of the other final documents, this one does not refléc't a

~consensus reached from the normal process of strategic discussion

employed to develop the other documents for this Priority Waste stream.
The timescale for the project was shortened by some twelve months. The
Prgject Group did not have time to work with the Way Forward Document

in discussion. Therefore, it was not possible to develop these ideas into -

agreed implementation and for future action.

This document also explores the possible future roles of the Project Group .

and the Reference Network. It sets out the proposals for presentation of the
final documents to the Commission and for future action.

Many of the actions, identified by the Project Group, already form part of
other .initiatives, draft Directives or Directives yet to be implemented. The
probable implications of recent EC Directives on healthcare work- are

included in the information Document. This may be compared to the actions .

proposed in this document. This document gives possible actions identified
by the Project Group during the last meeting on 15/16 November 1993, as

subsequently formulated by a smaller "Extended Core Group” of Project

Group members and.a finaf round of consultation by correspondence with
the whole group. Responsibility for the final editing rested with the Project

- Leader. .

At the final Project Group meeting the members were also asked to indicate
what strength of action should be taken by the Commission on each
strategic issue.. Either mandatory action or guidance was chosen. The
results of this exercise are given at the beginning of each section.

1ol
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2.0 POSSIBLE ACTIONS FOR GENERAL STRATEGIES

POSSIBLE ACTIONS FOR GENERAL STRATEGIES

2.1 Prevention

Strategy: Prevention is to be encouraged. Prevention must not present a
barner to technological innovation, or to high standards of healthcare.

ACTION BY COMMISSION: the majorro'of the Project Group consadered that the main action
by the Commission for this issue should be GUIDANCE

The possible actions are:

Governments

. Ban the use of materials which are of proven harmfulness 10 the
environment, the effects of substitute materials should be
understood.

. Introduce a statutory requirement to provide environmental

information with all purchases.

Economic Measures

+ Increase the costs of waste disposal
. L ]
~Guidance/Promotion
. Educate healthcare professionals to raise awareness of environmenta]

problems and waste disposal.

. Encourage manufacturers to minimise the use of materials in
packaging and products. . .

T e Promote good practice for prevention, re-use and recycling through'
journal articies, conferences etc.

Practices
. Reduce waste by miniaturisation and non-invasive technology.

o Continue to reduce the amount of materials used in products and
packaging.

. Develop products which are safe to use and safe for disposal.

Heatthcare Waste Priority Waste Stream Project IS October 1995
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2.0 POSSIBLE ACTIONS FOR GENERAL STRATEGIES

2.2

Recycling

Strategy: If a suitable market exists then healthcare and healthcare waste
personnel should be encouraged to recycle suitable fractions of waste as -

a matter of course, prowdmg that recycling does not compromlse
healthcare standards. .

ACTION BY COMMISSION: the majoriny: of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE.

The possible actions are:

{Governments

. Introduce a. statutoryv requirement to identify all components of a
product where physically feasible.

Economic Measures

. Provide funding from the EU to develop a methodology for
© assessing the potential for re-cycling healthcare products and waste
materials.
. EU to sponsor the development of recvcling technology
. Co-operation between health authorities. municipal authorities and

business to develop markets for recyclable products

. EU or Member State action to encourage and promote the recycling
industry and secure end markets.

. Encourage waste audits by experienced contractors or consultants to
find out where cost effective changes may be made.

Guidance/Promotion

. Inform potential recycling industries what materials healthcare waste
contains. : : ' !

Practices

. Devise standard designs for disposable products to aid recycling.

. Investigate techniques to use the waste as a raw material for a wnde

range of products.

o3



. Accelerate the development of techniques to assess the eco-balance
of recycling alternatives.

. In suitable cases design products specifically for recycling.

. Develop the technology for disassembling products into different
' components to aid recycling.

R ]
(¥'9)

Re-use
Strategy: Re-use of used products should be encouraged, but guidance
must be provided on those products suitable for re-use and those that are

not. Re-use of products must not compromise healthcare standards.

ACTION BY COMMISSION - the majority of the Project Group considered thar the main action
by the Commission for this 1ssue should be GUIDANCE,

The possible actions are:

Governments
. Introduce standards for quality, control
. Introduce environmental auditing for hospital and health authorities

to cover issues such as purchasing and waste disposal routes.

. Each Member State to develop a list of devices which are allowed
to be re-used.

Economic Measures

. Provide Government funding in association with industry to develop
a data-base for re-useable products.

. Assist with finance for investigations and revenue costs of re-using
waste products.

~ Guidance/Promotion

. Encourage staff responsible for purchasing supplies to periodically
consider whether there are economuic alternatives to disposable items.

. Develop standard techniques to fully asséss the costs and
environmental benefits of re-using healthcare waste.

. Produce a list of items for re-use in order of priority with regard to
patient risk.

Healthcare Waste Priority Waste Stream Project October 1995
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2.0 POSSIBLE ACTIONS FOR GENERAL STRATEGIES

. Provide guidance at EU level to identify the type of re-use and types
of device which may be re-used.

« 7 " Pigvide guidancé on ' how "difféfent Healthcare facilities and
practitioners may be able to re-use products and the difficulties that
may be encountered.

. Develop an information data base on a generic basis for products
and devices.
24 . Education and Tfﬁinin&/Health and Safety at Work -

Strategy: Compulsory education and training for healthcare and
healthcare waste management staff, linked to the risk involved for all
aspects of healthcare waste management should be introduced, together
with a system of assessment of competence.

ACTIGN BY COMAISSION: the majority of the Project Group considered that the main action
by the Comnussion for this 1ssue should be MANDATORY.

The possible actions are:

Governments

. Enforce health and safety legislation that concerns education and
training on medical practices.

. Define health & safety responsibilities for all .concerned with
healthcare waste and those concerned with education and training.

. Implement mandatory education for healthcare waste management.

. Extend existing Health and Safety Officer’s responsxbllmes o
mclude environmental matters.

Economic Measures,
. Provide education for producers by contractors or consultants.

Guidance/Promotion

. Provide guidance on the level of education needed for each kind of
professional. °
e Develop training programmes which can be adopted By each Health
Authority,

[0S



. Develop policies, procedures and guidelines for training.

. Introduce training units for waste managemeni in medical training
courses.

. Provide guidance through Health and Safety and r‘mrsin‘g journals.

. Consider ideas and procedures from other couritries.

. Establish a common education scheme: with minimum topics that

should be covered.

. Train healthcare professionals in waste managemem either at work
or during higher education.

. Develop systems of training units which can be assessed and
qualifications obtained.

2.5 Public Perception .

The public pefception of risks should be actively addressed to promote the
reality of the situation. Relevant and correct information should be
promoted in order to achieve an improvement in understanding.

ACTION BY COMMISSION the majoruy: of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE,

The possible actions are:

Governments

. Member States to introduce compulsory education on waste
management.

. Introduce total quality management with certification for healthicare

waste to manage the risks.
. . Ensure that legislation and standards are-enforced.

. Require hospitals to develop-environmental policy statements and
annual reports on performance that are publicly open for discussion.

.Economic Measures

. Influence public perception through media involvement, and
presentation of real situations.

. Develop an active public relations campaign to address the fears and

Healthcare Waste Priority Waste Stream Project : October 1995
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2.0 POSSIBLE ACTIONS FOR GENERAL STRATEGIES

2.6

concerns.

. Encourage healthcare and waste/environmental professionals to
respond to exaggerated media reports of healthcare waste incidents.

Research Pol'icy'

Strategy: Research projects should be promoted, but selected on the basis
of the priorities set out in the strategy statements for healthcare waste.

ACTION BY COMMISSION the maporin of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE.

The possible actions are:

Governments
. Initiate a search of all related research undertaken in all Member
~ States.
. Set up a small technical group to develop a programme of relevant
research,
. Establish a data-base for prevention, recycling and re-use of non-risk

healthcare waste,

. Develop an EU research policy which directs research to meaningful
practical projects.

Economic Measures

. Establish a funding source for key healthcare waste research.

. Invite Tenders for relevant research.

Guidance/Promotion

-

. Encourage doctors to adopt quality assurance programmes for
changes in medical practices. '

Practices

. Research the situations and activities in waste management which
present the actual risks to health or harm to the environment:

. Develop risk analysis techniques specifically for healthcare waste.

1 oF



. .Develop a life cycle analysis model or code of practice for medical
devices taking into account medical performance.

2.7 Waste Management Plans

Strategy: Member State’s Waste Management Plans should detail the
provisions to be made for healthcare waste management and disposal.

Note: This strategy statement replaced a statement relating to licensing and controls
-after the final Project Group meeting. .

Healthcare Waste Priority Waste Stream Project . October 1995
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3.0 POSSIBLE ACTIONS FOR HEALTHCARE PRACTICES

3.1

Selebtion of Product

Thé following actions were identified but not fully dnscussed or agreed’ b} the
Project Group atitsifinal meeting. :

Strategy: Medical product selection should be based on healthcare
performance, with consideration of the environmental effect of the waste
produced.

ACTION BY COMMISSION: the majoriry of the Project Group considered that the main action
by the Commission for this issue should be, GUIDANCE.

The possible actions are:

3.2

Qovemments

L Develop a central database for users

Economic Measures |

. Provide funding from industry and Government for database
development.
. Provide incentives for the manufacturers to produce more

environmentally acceptable products.

. EU funding for generic eco-balance methodologies such as life cycle
analysis.

Guidance/Promotion

. Produce guidance on the criteria for selection which sets quality and
security before costs.

. Provide more information on life cycle analysis.
Practices
. Development and application of generic eco-balance methodologies

such as life cycle analysis (LCA). - y

Segregation
Strategy: Healthcare risk waste should be strictly segregated at source
and the appropriate disposal route taken in accordance with the

Producers’ Waste Management Plan.

ACTION BY COMMISSION: the majorin: of the Project Group considered that the main action



:é)}'JIhe Commission for this issue should be MANDATORY.
The possible actions are:
Governments

. Continue with the” development of a common definition for
' _ healthcare waste and healthcare risk waste.

. Develop standards for good segregation practices at EU level.

. Introduce mandatory rules for which parts of healthcare waste
should and should not be segregated. '

. Introduce standard colour coding for waste and devices to aid
identification for segregation

. Develop plans and audit systems for healthcare waste.
Guidance/Promotion
. Develop practical guidelines for staff at working level to increase

awareness of the need for. and benefits of, segregation.

. Develop guidance on procedures and facilities which take into
account the differences in Member States.

Practices

. Adopt Quality Management systems (ISO 9000 and CEN 2900) to
the segregation of healthcare risk waste.

| S¥]
LU¥]

Packaging

Strategy: The controls on the packaging of healthcare risk waste should
be enforced and guidance produced for other waste types. Guidance
should be provided for implementation of the Directive on Packaging and
Packaging Waste.

ACTION BY COMMISSION: the majority of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE.

The’ possible actions are:
Governments
. Develdp a single system of packaging for all Member States.

. Develop a European standard on the minimum requirements .for .

Healthcare Waste Priority Waste Stream Project ' ) October 1995
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3.0 POSSIBLE ACTIONS FOR HEALTHCARE PRACTICES

propemes and validation of healthcare waste packagmg and medlcal
device packaging.

Economic Measures

. ‘Make - staff aware of the existing requirements for packaging of
wastes.
" Practices
. Develop Packaging systems and materials to reduce the amount of

waste for the same standard of security.

3.4 Labelling

Guidance should be produced for a common system of labeliing and
coding for healthcare risk waste.

ACTION BY COMMISSION: the majority of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE,

The possible actions are:

Governments
. Develop a positive labelling policy to support waste minimisation.
. Produce a European standard on minimum labellmg requirements for

the various types of healthcare waste.

Guidance/Promotion

. Make staff aware of the existing requirements for packaging of
wastes,

3.5 Transport and Storage

Strategy: Guidance should be developed for storage on site, transport to
the point of treatment and disposal and storage prior to treatment or
disposal taking legislation into account. -

ACTION BY COMMISSION: the majority of the Project Grouﬁ considered that the main action -
by the Commission for this issue should be GUIDANCE.

The possible actions are:

N



Governments

. Develop protocols and standards for the minimum standards for
. collection, transport and storage.

. Standardise the colour of vehicles for healthcare waste.

. Consider the requirements for small quantities of waste produced
outside healthcare establishments.

. . Separate the standards for what is done within healthcare
establishments and what is done outside healthcare establishments.

. Introduce a system of designated individuals, with defined
responsibilities and a method of assessment.

Economic Measures

. Consider the effect of onerous costs on compliance.

Guidance/Promotion

. Identify all the types of transport and storage within the hospital and
outside the hospital and produce guidance at EC level 1o help the
Member States enforce the obligations.

3.6 ) Pre-Treatment

L

Strategy: Validated methods of pre-treatment should be encouraged if a
decrease in the risk of harm to health or pollution or a reduction in costs
will result. '

ACTION BY COMMISSION: the majority of the Project Group considered that the main action
by the Commission for this issue should he GUIDANCE, '

The possible actions are:
Governments

. Produce European standards on validation of pre-treatment methods
for healthcare risk wastes. '

. Establish a common concept for the validation of waste disinfection
' processes to change healthcare risk waste to non-risk waste.

. Establish what pre-treated waste may be disposed of via the
municipal waste stream.

. Develop a system whereby when a Member State approves a pre-

Healthcare Waste Priority Waste Stream Project ' ' October 1995

1PN



3.0 POSSIBLE ACTIONS FOR HEALTHCARE PRACTiCES

(s

The possible actions are:

treatment method, an expert committee reviews it as soon as
possible so that it can be endorsed at EU level without undue delay.

. Determine the design criteria for all pre-treatment technologies.

Economic Measures

. Sponsor development of pre-treatment methods for various types of
risk waste. ' '

Guidance/Promotion

. Encourage the use of pre-treatment methods.

. Provide guidance on the pre-treatment methods for hospitals.

Practices

. Prepare an authoritative and independent technical appraisal of the
strengths and weaknesses of actual and potential pre-treatment -
methods.

. Prepare a comparison of two methods of disposing of healthcare risk -
waste 1.e.
1. pre-treatment, then incineration in an ordinary incinerator

for healthcare waste

2. incineration in specially designed incinerators capable of
accepting both municipal waste and healthcare risk waste.
Quantities

Strategy: A system of record keeping specifically for healthcare waste
should be developed. -

- ACTION BY COMMISSION: the m'ujomy of the Project Group considered thai the man action

by the Commission for this issue should be MANDATORY.

Governments

. Develop as soon as possible a European statistical mode! for
healthcare waste. ' )

. Ensure that record keeping is made mandatory across the EC.

. . HE,



3.0 POSSIBLE ACTIONS FOR HEALTHCARE PRACTICES

. Agree on the common definitions for healthcare waste and
healthcare risk waste so that quantities can be measured on a
common basis throughout the EC. '

Guidance/Promotion

. Provide guidance for data collection in the form of minimum
requirements or model documents. .

Practices

. Devise systems of record keeping that are simple.

3.8 Responsibility

Strategy: Responsibilities for all aspects of healthcare waste rﬁanagement
should be defined and enforced by legislation.

ACTION BY COMMISSION: the majority of the Project Group considered that the main action
by the Commussion for this issue should be MANDATORY.

" The possible actions are:
Govérnments

L]
. Introduce a legal responsibility of care for all concerned with the
management of waste.

. Devise a European wide text for the understanding of the "Duty of
Care" as introduced in the UK.

. Differentiate between responsibilities inside and outside healthcare
establishments. '

Economic Measures

. Prevent "externalisation of costs (i.e. environmental costs) to make
the total price comparable.

Healthcare Waste Priority Waste Stream Project . October 1995

16



4.0 POSSIBLE ACTIONS FOR TREATMENT AND DISPOSAL

4.1 Choice of Methods

Strategy: The choice of method or methods of pl"e-treating and disposihg
of healthcare risk waste should be left to the Member State providing that
minimum performance standards are met. ‘

ACTION BY COMMISSION: the majority of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE.

The possible actions are:
Govermments

. Develop performance standadrds and standards for the measurement
of performance.

4.2 Standards for Pre-Treatment
Strategy: Harmonised performance standards for pre-treatment of
healthcare risk waste should be developed and enforced where they do not

exist. - . ‘

ACTION BY COMMISSION . the mujoruy of the Project Group considered that the main action
by the Commission for this 1ssuc should be MANDATORY.

The possible actions are:
Governments -

. Develop general standards for healthcare risk waste treatment which .
can be easily controlied.

. Ensure that the standards do not suppress new ideas.

. ‘Member States set minimum standards for the various tréatment
methods. ’

Guidance/Promotion . : T v

. Provide guidance from EU for the total costs/impacts (LCA) of
treatment methods. .

. Provide clear concise guidance for small producers.

Healthcare Waste Priority Waste Stream Proiect ’ [ ' 5 October 1995



" 4.0 POSSIBLE ACTIONS FOR TREATMENT AND DISPOSAL

. Publish the outcome of performance tests.
. Produce policies and protocols for different treatment methods.
. Introduce training and assessment of appropriate personnel.
. Develop audit techniques for the waste stream.
4.3 Disposal of non-risk waste via the municipal waste stream

Strategy: Disposal of healthcare waste that is not risk waste via the
municipal waste stream is acceptable if suitable quality assurance is in
place. .

ACTION BY COMMISSION the majority. of the Project Group considered that the main action
by'the Comnussion. for this issue should be GUIDANCE. -

The possible actions are:
Governments
. " Define and introduce Quality Assurance schemes to allow the
disposal of non-risk waste via the municipal waste stream but link
the rules on disposal via the municipal waste stream to segregation

policies and practices.

Guidance/Promotion

. Increase acceptance by Local Authorities of strategy through
information. : .

. Consider public perception of the issues when landfill is used to
dispose of healthcare waste and develop quality assurance procedures
accordingly

Practices ,

. Continue to develop methods to prove that healthcare risk waste has
been effectively segregated and treated to render it safe, i.e. non-risk
waste. '

4.4 Disposal of Human Tissue via the Whole Bodv Disposal Route
Healthcare Waste Priority Waste Stream Project October 1995
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4.0 POSSIBLE ACTIONS FOR TREATMENT AND DISPOSAL

Strategy: When disposal of recognisable human organs or tissues (not

including blood) takes place via the whole body dispasal route, it must

conform to national law and be under the responsibility of medical,
. environmental and ethical authorities.

ACTION BY COMMISSION. the majority of the Project Group considered that the main action
by the Commission for this issue should be GUIDANCE.

The possible actions are:

Governments

. Restrict the disposal of waste to approved waste disposal plant and
' only use crematoria for religious or ethical reasons.

Guidance/Promotion

. Develop guidance on the medical and religious ethics for when this
is acceptable.

4.5 Disposal of Risk Waste via Municipal Waste Incinerator

Strategy: The use of specifically designed Municipal Waste Incinerators .
should be encouraged for the disposal of healthcare risk waste but
~mandatory conditions must be applied and specific approval given.

ACTION BY COMMISSION: the majoriry of the Project Group considered that the main gction
by the Commussion for this issue should be GUIDANCE,

The possible actions are:

Governments

. . Develop standards for incineration in municipal waste incineration
covering the management of all types of risk waste.

. Develop standards to ensure efficiency but avoid too high legal
requirements.

. Introduce an EU directive for such treatment

. Ban the use of municipal waste incinerators unless the plant -is
specifically modified and the staff are trained.

Healthcare Waste Priority Waste Stream Projact ‘ [ l :P October 1995



4.0 POSSIBLE ACTIONS FOR TREATMENT AND DISPOSAL

. Disposal of toxic and radicactive waste through municipal waste
' incinerators should not be allowed.

. Develop enclosed feed and ash sterility criteria for municipal
incinerators.
Guidance/Promotion
. Organise a meeting at EU level to clarify the design and legal
aspects.
4.6 " Energy Recovery

Strategy: Assessment of the potential for energy recovery and use from
healthcare waste should be encouraged, with consideration of the overall
costs and benefits.

ACTION BY COMMISSION: the majoriry of the Project Group considered that the mamn action
by the Commission for this issue should he MANDATORY.

The possible actions are:

Governments
. »
. Define the energy policy for this area.
. Do not involve EU policy in this area as energy recovery is not the -

prime purpose of an incinerator and the potential for recovery from
healthcare waste is very small.

Economic Measures

. Provide joint funding with industry for research in this area.
~ Guidance/Promotion
. Undertake studies of the energy and other resources used in the

different healthcare waste disposal routes and publicise the results..

4.7 - Proximity Principle

Strategy: Guidance should be developed for the implementation of the

Healthcare Waste Priority Waste Stream Project - October 1995
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4.0 POSSIBLE ACTIONS FOR TREATMENT AND DISPOSAL

Proximity Principle in relation to the treatment and disposal of healthcare
risk waste.

ACTION BY COMMISSION. the majority of the Project Group considered that the main action
by the Commisston for this issue should be GUIDANCE.

The possible actions are:

Governments

. Implement the proximity principle to the waste stream and ban
waste tourism where the local facility is appropriate for the waste.

. Determine the methods to implement the proximity principles for
healthcare waste facilities.

Economic Measures

. " Consider the implications of the proximity, principle for a free-
market trade practice. '

Meaithcare Waste Priority Waste Stream Project ‘ - October 1995
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3.0 THE FUTURE : THE DOCUMENTS

5.1 Actions at Community Lew;el and by Member States

The Commission will develop the work into a draft proposal, the legal form
of which could be decided as a result of a meeting with Member States. Once
the text of the draft proposal is ready, it will be submitted to inter-service and
inter-DG consultations within the Commission, and the proposal revised as
necessary. Following those consultations, it will be submitted to the written

procedure (ie. consideration by the cabinets) and finally to adoption by the
Commission. .

Once adopted, the proposal will be published in the official journal and
presented to the appropriate Community bodies (Economic and .Social
Committee, European Parliament and European Councils} for discussion and
adoption. It is difficult to estimate how long this final stage will take..

Actions by Member States will depend to a large extent on the approach taken
by the European Commission. However, there will be initiatives which could
be taken at Member State level.

52 Presentation_to the European Commission

+

The Project Group will present to the Commission its final product: an
Information Document, a Strategy Document and this issues Document. These

_ documents will be taken by the Commission as a basis for future Community
action. | ' '

Healthcare Waste Priority Waste Stream Project - October 1995
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6.0 THE FUTURE - THE PROJECT GROUP

6.1 Future Role of the Project Group

The Project Group consisted of representatives of different groups. including
European Commission, Member States, manufacturers, and users {or waste
producers). In view of the fact that there were no more Strategic Discussion
meetings. the work of the main Project Group was completed in November
1993. However, the Core Group was extended in order to increase the amoum
of representation on work undertaken after November 1993.

The original task of the Project Group was to produce and agree a set of
documents. One view is that. having completed the documents. the project 1s
complete. Other members of the Project Group would wish to see the work
continued through professional bodies; the International Solid Waste
Association may be one such organisation.

. Reasons for continuing the Project Group. in some form. would be

* to monitor. and mavbe assist, progress of the Commission in
developing these proposals

to continue to build on the commiiment to European cooperation
generated as a result of the discussions and

to assist in furthering the actions for example: by information
exchange and the development and harmonisation of standards

8.2 Administration/Commitment by Project Group Membhers

Informal communication from the Commission on the progression of the work.
would be circulated 1o the Project Group via the Project Leader every six
months, or more frequently if there were anv major actions.

It would then be the responsibility of the Project Group to publicise. thmus_h
thelr organisations. results of projects,

Healthcare Waste Priority Waste Stream Project ,a\ October 1995



7.0 THE FUTURE - REFERENCE NETWORK

7.1 The Role of the Reference Network as a Group

The role of the Reference Network has been. and will continue to be. to carr:
news and information about the work of the Project Group. There ut
- currently some 300 members in the Reference Network, They have recei. e
newsletters throughout the duration of the project and have been invitec 1.
attend the poster sessions held at Project Group meetings. In return. the
Project Group have received information and queries pertaining 1o the project.

The Reference Network will each receive a copy of the Executive Summary.
Information Document Summary, Strategy Document and this Document.

7.2 The Role of Individuals

One proposul is to identifv the subjects of interest of each member of th.
Reference Neotwork and circulate names and addresses to any organisatio
interested it making contact. In this way. the tlow of specific information ca
be facilitated.

=~
tad

Administration/Commitment by _Project Group and Reference Netw.r:
Members

At EU level. a core group should be established to manage the list of th
members of the Reference Network and the preparation and circulation of ih.
Newsletter 10 members of the Project Group.

At National level. at least one member of the Project Group in each Membe:
State would be responsible for sending a newsletter to all national members of
the Reference Network and for sending information about the existence of the
Reference Network with the Member State. ’

Some organisations are interested in developing the Network and continuing
the project beyvond its specified close. Funding may be a problem-and it may
. therefore be necessary for several organisations to join together. .

74 ~ Continuation of The Healthcare Waste Priority Waste Strear'n' Newsletter

The newsletter was found to be a valuable means of cormmunication to the
wider network of those interested in this Priority Waste Stream. Maintaining
contact with the Reference Network would be one of the primary functions of
the newsletter.

The aims of the. newsletter would be to:

. inform about the future of the project :
. act as a link between all persons interested in HCW

. inform about the progress of the Healthcare Waste PWS within the -

Healthcare Waste Priority Waste Stream Project L '-'. 1 9\ & . October 1995 °



2.0 THE FUTURE - REFERENCE NETWORK

European Commission

. give information about HCW meetings and lectures
. inform about HCW research and practices
. inform about new devices and systems of treatment or pre-treatment

The structure of delivery of the Newsletter would need to be at EU level and
national level. :
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INFORMATION SUMMARY

1.0 INTRODUCTION
Information Summary

1.01 Thus Information Summary is one of the series of documents produced during the
Healthcare Waste Priority Waste Stream project. It is a concise version of the
Information Document, which together with the Strategy Document and the
Executive Summary form the final products of the project. An associated report
The Way Forward describes how the work of the Healthcare Waste Project Group
may be continued.

Aims and Background of the Project

1.02 In September 19889, the European Commission delivered a proposed Community
strategy for waste management to the Council of Ministers and European
Parliament. On 22 March 1990 the Community’s Council of Environment Ministers
endorsed the proposals. Under the strategy, some waste streams were 10 be dealt
with individually. They were identified as requiring particular attention because of
their complex nature and potential attention from the general public and effect on
the environment: among them was healthcare waste.

1.03 To be successful, waste management strategies must often take account of, and
interact with, the processes that produce the wastes. Strategies should seek to
provide medically and environmentally acceptable solutions by influencing the
attitudes of the waste producers: the emphasis should be on personal responsibility
fOl sudidniahie i Lot 1O dEVEIGE VS NEve Riiw L7 3LELES5y wiE CoiiniTission
proposed a new method of working. Called "Strategic Discussion”, it uses open -
but structured - discussion at Community level.

The Healthcare Waste Project

1.04 Concern over the sale management and disposal of healthcare waste has resulied
from the percerved or real risk of potential transmission of infectious diseases
through accidental injury or contact with infected body fiuids. The disposal of
sharps (needles, scalpels etc) has attracted particular interest because the-small
number of occupationaliy acquired hepatitis and HIV infections suffered by
healthcare workers have been the result of sharps injuries. The majority of sharps
injuries however, do not result in infection.

1.05 Hospital Waste 1s a term used for all waste arising from healthcare establishments.
Healthcare waste can briefly be described as waste from medical or other related
practices. In reality only a small proportion of this waste presents a higher risk than
normal household or municipal waste. It is proposed that this fraction 1s defined as
"healthcare risk waste”. This project is concerned mainly with healthcare risk
waste. '

Healthcare Waste Priority Waste Stream Project " October 1985

Information Summary 1 \‘)\ k



INFORMATION SUMMARY

1.06 Whenever healthcare waste causes infection, injury, apprehension or distaste. It
attracts substantial attention from the media. Public perception of risk therefore
varies markedly from a technical appraisal of risk. The recommendations of this
project will recognise the strength of public opinion. Cleariy all waste that presents
a real risk must be dealt with using the appropriate and controlled methods and
technology. In considering these technologies, it must be remembered that, as
social values, proprieties and economic conditions vary from Member State to
Member State some latitude should be allowed in the method of treatment and
disposal to accord with local circumstances, customs and economic conditions.

Healthcare Waste Priority Waste Stream Project October 1885
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2.0 DEFINITION OF HEALTHCARE WASTE

2.01 The Project Group took the view that the first step towards the regularisation of
healthcare waste management practices within the European Community should be
the production of a Europe-wide definition of healthcare waste and that this should
be linked to the European Waste Catalogue, developed from the Framework
Directive 75/442/EEC.

2.02 The Project Group, aided by a specific definition task group, formulated and adopted
' the following definitions:

a) Healthcare: Medical activities such as diagnosis, monitoring, treatment,
prevention of disease or alleviation of handicap in humans or animals,
including related research (see note 1}, performed under the supervision of

- a medical practitioner or veterinary surgeon (see note 2},

b) ' Healthcare Waste: The solid or liquid waste arising from healthcare.

c) . Healthca-re Risk \!\Iaste:

- Biological {recognisable anatomical waste)
Infectious {see note 3)

- Chemical, toxic or pharmaceutical waste including cytotoxins
Sharps (eg. needles, scalpels)

- Radioactive waste (refer to Radioactive Waste Directive(s))

Notes:

{1) Wherever appropriate and applicable, waste from basic and fundamental
biomedicai and other research shall be managed according to the principles .
set out for healthcare waste and heailthcare risk waste.

{(2) The above mentioned supervision may also be carried out by any other
person authorised by virtue of their professional qualifications to do so.

{3) Infectious waste is any Healthcare Waste known or clinically assessed
to be at risk of being contaminated with:

a) any of the biological agents mentioned in-  Article 2(d) groups 3
and 4 or identified through the procedure set out in Articie 3 of the
Council Directive (90/679/EEC) of 26 November 1980 {(amended by
Directive 93/BB/EEC) on the protection of workers from risks related
to exposure to biological agents, of Article 16 (1) of Directive
89/391/EEC, or,

Healthcare Waste Priority Waste Stream Project : October 1995
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b} with other viable biological agents artificially cultivated to
significantly elevated numbers.

3.0 SOURCES
3.01 Sources of healthcare waste can include:

- Hospitals .
- General Practitioners and dental surgeries
- Qutpatient/healthcare centres
- Laberatories (such as anatomy, pathology, biology, chemistry and
microbiology laboratories)
- Mortuaries
- Veterinary sources
- _Pharmacies
- Other healthcare establishments :
- Community healthcare in the home {district nursing)

Note:

At the time of the study, variations in definition meant that some Member States
_would class only some of the establishmerits listed above as sources of healthcare

waste.

4.0 QUANTITIES

4 01 information on the quantities of healthcare waste produced in Member States is
summoarised in Table 1. The records only relate to healthcare risk waste as this is
the only waste type for which records are kept in many countries. Non-risk waste
1s not normally recorded separately from municipal waste.

4.02 The quantities of waste per head vary appreciabiy between Member States: the
variation is probably due to differences in definitions and data quality as well as
differences in healthcare practices and healthcare waste segregation.

Healthcare Waste Priority Waste Stream Project A ’ October 19895
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MEMBER STATE | HEALTHCARE RISK DATE OF POPULATION HEALTHCARE
| WASTE SURVEY RISK WASTE
{tonnes/annum) kg/headpop/annum
Belgium 13,700 1992 9,863,374 1.4
Denmark 10,000 1989 5,116,275 1.95
France 105,000 1990 56,614,493 1.9
Germany 33,000 1990 79,753,000 0.4
Greece 14,600 1987 9,970,000 1.4
Ireland 9,000 1992 3,443,403 2.6
ltaly 50-60,000 1991 57,128,000 1.0
Luxembourg - - 365,900 -
Netherlands 8,500 1892 14,453,833 0.6
Portugal 15,000 . NOT KNOWN 10,128,883 1.5
Spain 23,000 - 38,818,355 0.6
United Kingdom 308,000 1931 55,776,422 5.5

5.0

5.01

5.03

6.0

6.01

TABLE 1: Quantities of healthcare waste arising

LEGISLATION

Legistation within the Member States 15 often derived from EC Regulations and
Directives. A list of relevant Directives, Regulations and Member State legislation
Is given in the reference section at the end of this summary.

Member States control the collection, transport and disposal of healthcare waste
by different means. Some have specific statutes directly controlling the
management of healthcare waste whilst others control healthcare waste under
general wasie regulations.

European air pollution legislation now influences the economics of combustion-
based waste disposal. A Eurcpean Directive on landfili is under discussion;
meanwhile, standards for waste treatment and landfilling are generaly uwrder
Member State control.

WASTE MANAGEMENT SYSTEMS AND PRACTICES

Policies on the issues identified below vary between Member States. Some nationa!
non-statutory codes of practice and guidelines are listed in the reference section at-
the end of this Summary.

Healthcare Waste Priority Waste Stream Project
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6.02 The issues include:

Paragraphs
L Prevention 6.03 - 6.06
® Segregation 6.07 - 6.08
. Packaging and Labelling 6.09-6.10
® Storage 6.11
e Handling 6.12
L Transport 6.13
] Education and Training 6.14
L Responsibility €.15
o Licensing 6.16
] Treatment and Disposal - Section 7.0,

6.03 Prevention The guidelines in the Community Strategy on Waste Management
{May 1990) incorporate a " ladder principle”, a hierarchy of preferred waste
management options. The sequence, adapted from the general ladder principle, is:

Prevention

Re-Use

Recycling

Pre-treatment

Incineration with energy recovery
Incineration

Lehd

.

6.04 The guantity of healthcare waste produced is very small {less than 1%) dompared
to the total amount of solid waste produced by the community For this waste
stream the priorities for management systems are health and safety 1ssues, but
environmental 1ssues should also be taken into account. '

6.05 Waste minimisation is a form of waste prevention. It begins ‘at the manufacturing
level, and can thus be encouraged by the purchasing policies of heaithcare
providers. Manufacturers of healthcare products are alsc continually considering
product design and the types and amounts of materials they use for manufacture
and packaging.

6.06 Healthcare waste producers could reduce the amount of waste they produce. Some
Member States have set targets for prevention and munimisation and produced
practical ideas to enable these targets to be met. The use of devices specifically
designed for reuse and, to a certain extent, recycling can play an important rote 10
waste reduction.

Healthcare Waste Pnionity Waste Stream Project . QOctober 1995
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6.07

6.08

6.09

Segregation (6.08 of inf Doc) Effective segregation is essential: it reduces the amount
of waste requiring special treatment and consequently the resources needed for
disposal, Normally segregation is based on material type. Health care risk waste
segregation can be based on risk of infection or injury whereas non-risk health care
waste can be segregated according to the material.

Healthcare risk waste can be segregated at source. The personne!l who segregate
the waste at source are trained healthcare staff: they know how to identify
potentially dangerous material and separate it out. Their involvement reduces the
risks to people further down the waste stream and some form of quality assurance
system is desirable.

Packaging and labelling of waste (6.11 of Info Doct All healthcare risk waste can be
kept in containers from creation to final disposal. Containers for healthcare waste
should be compatible with the type of waste and the methods used for handling,
transportation, storage and treatment. Advice on this aspect of waste management
is contained in the existing codes of many Member States, and for risk waste I1s
covered in the proposed EC Directive on the Carriage of Dangerous Goods by Road,
(see transport below.) '

Packages containing healthcare nisk waste should carry labels that allow the
contents ta be clearly identified and traced to its source. The package must also
carry the international Biohazard sign {Article 8{b) of Council Directive [90/67 9/EEC]
of 26 November 12201}

Storage & "7 . . T TL recoce e nisks @SSCLIEEQ ol silieZs O
healthcare waste, certain design criteria can be met, and wastes stored only for as
long as the storage conditions allow. These aspects of waste management are
often covered by exsting codes in many Member States Storage =zt transier
stations and treatment plants is tikely to be on a larger scale, with design and
operation correspondingly more demanding.

Handling (6 18 c* in! Dec- Under Articte 8(h and i) of Council Directive 90/679EEC

- lof 26 November 1980], an employer must provide methods of collecting, storing

and disposing of waste thatensure workers’ safety. Member States’ existing codes
usually inciude requirements for, and advice.on the safe handling of healthcare risk
waste. ‘

Trapsport (5.14 of Inf Doc) On-site transport can be designed for the purpose - ie.
easily loaded and unloaded, and easily cleaned. Transport of healthcare risk waste
off-site for eventual disposal is the subject of specific provisions in legislation. The
Commission is currently proposing legislation that will incorporate the provisions of
the ADR (Carriage of Dangerous Goods by Road) Agreement into a Directive: it
would apply from 1885, and would set standards for the construction of packages
or containers intended for the off-site carriage of healthcare risk waste.

¢

Healthcare Waste Priority Waste Stream Project
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7.0

701

7.03

7.04

Education and Training Education and training in healthcare waste management
can be extended to everybody who manage and handle healthcare waste:
responsibility lies primarily with the healthcare institutions and the transport,
treatment and disposal operators. Effective training plans are likely to depend upon
the introduction of set waste management standards and a responsibility to take’
care of safety and health. Standards of safety will only be maintained if training,
the assessment of competence, and some form of quality assurance system are
mandatory.

Responsibility In some Member States waste producers and managers are obliged
to satisfy themselves that suitable waste management systems are in place for’
wastes under their control. Responsibility extends to each person who handles the
waste in the system from producer to disposer.

TRANSFER, TREATMENT AND FINAL DISPOSAL METHODS

Incineration (paras 7.19-7.29) is still the most common form of treatment’ for
healthcare waste. In many Member States small quantities of healthcare risk waste
are landfilled {para. 7.30). A number of newer technologies for treatment or pre-
treatment? have entered the market place and are gaining recognition within the
industry. Healthcare risk waste treated to remove the risk can usually be disposed
of with municipal waste.

I all Member States the healthgare sectoris moving away from locg! hospial vrasts
drsﬁosal facilities towards group disposal systems. Only.grouped facilities can
support the cost of incorporating adequate controls for minimising environmental
pollution. This change is being targely driven by the implementation of Community
law in Member States.

Treatment s gefined as "any method, technique or process, including neutrahsaticr, designed ¢/
change the physical, chemical or biological character or composition of any waste, 01 50 as 10 recover
energy or mater:al resocurces from the waste, or so as to render such waste non-hazardous or less
hazardous, safer to transport, store or dispose of; or amenable for recovery, amenable for storage.
or reduced in volume". (Sourcei ISWA)

2 Pre-treatment is defined as the initial treatment of waste matenals to make them safe to handle
or precondition them for subsequent processing or disposal. {Source: ISWA)

Grouping of disposal facilities will often increase the distances travelled by
healthcare risk. waste from the point of arising to the point of disposal. Bulk
transport from transfer station to disposai facility reduces the unit cost of transport.

Some healthcare waste fractions are suitable for disposal with municipal wastes.

Healthcare Waste Priority Waste Stream Project October 1995
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7.05

Disposal of municipal wastes is usually achieved by less costly techniques and
therefore the inclusion of healthcare wastes is likely to be advantageous, provided
that it does not threaten health or the environment, or give rise to offence.

Different healthcare waste fractions ideally require different disposal methods. in
Member States final processing of waste is determined by the content of that waste
and the type of treatment facilities available. Strict segregation systems in Sweden
appear to work.-effectively, allowing appropriate methods of disposal for each
fraction. '

Technologies for pre-treatment of healthcare waste

7.06

7.07

7.08

Most methods for pre-treating healthcare waste destroy the pathogens in the

_ waste, but may not lessen other potential hazards, such as those due to chemicals,

pharmaceuticals, radicactivity and sharps (although some special systems are being
developed for sharps). ~ Recognizable body parts can be perceived as a risk.
Because of these limitations, pre-treatment methods should be combined with strict
segregation of the waste components.

The increasing costs of specialist healthcare waste incineration are stimulating
research and development work on methods of pre-treatment to reduce nsk, and
thus allow disposal with municipal waste. Historically such pre-treatment has
usually only been applied on a small scale, using autoclaves. The concept of mass
pre-treatment of healthcare waste is relatively new, and has been accepted more
readily in some countries than in others,

The advantage of these pre-treatment methods is that, since local pre-treatment
permits local disposal, transport costs are reduced; and disposal 1in combination
with municipal waste is cheaper than specialised disposal. Mobile pre-treatment
systems have also been developed.

Designers of systematic arrangements for healthcare waste disposal consiger
compatibility and trade-offs between pre-treatment processes and final disposal
methods. For example, a process which produces wet material may be cheaper; but
it will impose extra energy requirements, and extra cost, if final disposai i1s-by
incineration. Resource use - to the extent that it is not directly reflected in cost - is
an impertant factor in disposal route assessments.

Although there are existing EC regulations and standards for incineration, there are
currently no standards for the methods of pre-treatment outlined below. Most pre-
treatment methods involve changing the condition of the waste by heat. The oldest
and most commonly used is steam treatment (7.11). Other forms of heat treatment
that have been used are microwave and radio frequency irradiation (7.13-7.14),
Chemical exposure (7.15) has been used to treat waste, although this is not
effective for all potential risks and can cause environmental problems. Other

Healthcare Waste Priority Waste Stream Project \3‘_\ Oétober 1985
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7.11

7.12

7.14

7.1b

7.17

treatment processes are being developed and may become accepted as they are
validated,

Steam Treatment  These methods have been developed from established steam
autoclaving systems. There are two main groups of steam processes: those -
generally the more effective - that use evacuation or increased pressure or both,
and those that rely purely on exposure to steam. Machines in the first group

L remove air from the chamber and the waste by repeated evacuation
alternating-with the admission of saturated steam

] disinfect by saturated steam, and then

o dry the disinfected material by evacuation.

Microwave treatment The disinfection of healthcare waste with microwaves
requires certain conditions:

° ‘'waste must be shredded

. wetted with steam

L] exposed to the microwaves for an adequate period of time

The treated waste can usually be disposed of with munijcipal waste.

Gamma irradiation Micro-organisms exposed 10 gamma irradiation cannot
reproduce. Gamma irradiation is used to sterilise heat-sensitive disposable medical
supphes; but is only practical where leveis of contamination and infection are low.
The waste must be shredded before treatment.

Radio frequency irradiation Radio frequency irradiation heats the waste by
exposing it to high intensity, low frequency shortwave radiation. The heated waste
1s then stored to maintain the heat and complete the treatment.

Chemical exposure The chemical can be in hquid or gaseous form. Combinations
of chemical and mechanical systems have been used to render the wasiz
unrecognisable and non-infectious. However, the efficiency of chemical treatment
is accepted in some member states and not in others. Environmental problems can
be caused when the waste or chemicals are disposed of.

Chemical treatment systems generally are not used on a large scale, but are
restricted to individual clinics and surgeries.

Other methods Numerous other treatment methods have been tried and are
being developed: for example, dry heat {in Sweden) and pyrolysis. Methods that
reduce volume are also being researched: they include plastics densification and

other forms of compaction. Small devices are also available, designed specifically

for healthcare workers or for specific uses eg., for the disposal of dialysis waste,
syringes and needles. '

Healthcare Waste Priority Waste Stream Project Cctober 1995

Information Summary 10

35



INFORMATION SUMMARY

Incineration

7.18

7.20

7.21

7.22

7.23

7.24.

7.25

7.26

~

The three main broad types of incinerator used for healthcare waste are: the
municipal waste incinerator, the hazardous waste incinerator, and the specially
designed HCW incinerator. Each of these types has its own design characteristics.

Municipal wastes are very varied: municipal waste incinerators are designed
accordingly. If specifically designed, they can accept healthcare risks wastes: tor
safety, the waste should be fed in with its packaging intact and the ash shou!d be
sterile. The advantage is that unit costs can be lower than those at specialised
healthcare waste incinerators. Municipal waste incinerators are widely used for no-
risk healthcare waste and pre-treated healthcare risk -waste.

Hazardous waste incinerators run at high temperatures. They can therefore accept
pharmaceutical wastes and other chemicals for treatment. Pharmaceuticals are the
only component ot healthcare risk waste not excluded from the proposed Directive
on Hazardous Waste Incineration.

Healthcare waste incinerators are generally designed to take all the components of
the healthcare waste stream (with the exception of medical radicactive waste).
Some components of the waste stream impose difficult and expensive
requirements: some pharmaceuticals (including cytotoxins] demand high
temperatures; human tissue requires long residence times. The design’ of the.
incinerator is conditioned by these specialised requirements, even thouch the largest
proportion of the wastes going through the incinerator does not reqguire them,

A1 present some Member States allow several types of incinerator to accept
healthcare waste; others increasingly insist on dedicated plant.

In the United Kingdom, for example, some municip'al incinerators are permitted to
accept healthcare waste providing 1t does not contain_human tissue. Many small-
scate hea'thcare wastz incinerators are still in-use at individual hospita's {althcugh
most will shortiy have to close, because they are not able 10 meet new emission
standards).

in France, healthcare waste is accepted at specially adapted municipal incinerators
with the proviso that it does not constitute more than 10% of the total waste
throughput or include chemical, explosive or radioactive wastes. Nevertheless,
more incinerators are being dedicated to healthcare waste.

In Germany, hazardous waste and municipal waste incineration plants are generally
used for the disposal of healthcare waste. ‘

In ltaly, hazardous wastes, including heaithcare waste, are incinerated in municipal

Healthcare Waste Priority Waste Stream Project October 1985

Information Summary " \"b b



INFORMATION SUMMARY

7.27

7.28

7.29

waste incineration plant or other plant with similar characteristics.

in the Netherlands there are several incineration plants capable of processing
healthcare waste. The central government’s stated preference is to incinerate
specific hospital waste at one central plant.

In Denmark, there is a move towards the closure of small plants at hospitals, and
the transport of healthcare waste to municipal incinerators. These must have
special facilities for healthcare risk waste including special feed systems and and/or
special hearth systems. Alternatively the waste is incinerated in special healthcare
risk waste incinerators.

This study did not reveal any specific European standards for the incineration of
infectious waste.

Landfill .

7.30

g0

8.01

8.02

8.03

9.0

In general, the practice of landfiling healthcare waste without pre-treatment is
declining. The process of compacting waste releases the contents of bags and
containers. This causes potential hazards from exposed sharps for delivery drivers,
landfill workers, and scavengers {human and animal). Some landfilling, under
specified controlled conditions, is I:kely to continue. A draft European Directive on
landfill is currently under discussion.

EDUCATION AND TRAINING HEALTH AND SAFETY AT WORK

Council Directive 89/381/EEC places responsibilities for health and safety on
employers and employees. Employers have & duty to conduct an assessment of
risk and to inform and train their statf. They have a duty to develop policies which
cover technology and organisation of work. Emphasis is placed on protective and
preventive services and requires the designation of one or more compeleﬁt workers
10 carry out such services.

Some Member States {eg. Netherlands, Spain and Germany) have specific training
courses for pecple working in healthcare waste management. Typical courses
cover waste segregation and waste handling, recycling, and waste minimisation.
Other Member States {eg. Belgium, UK and France) produce guidelines.

The Project Group was not aware of any existing obl:gatory training programmes,
with assessment, that are aimed specn‘lcally at healthcare waste.

COSTS

Healthcare Waste Priority Waste Stream Project - October 1995

Informatton Summary 12

\5%



INFORMATION SUMMARY

9.01

9.02

9.03

9.04

10.0

10.01

10.02

10.03

The prices charged for the treatment and disposal of healthcare waste vary
tremér)dously throughout the Community. These differences can be due to the
varying definitions and classifications for waste. They also differ depending on
whether the full costs of treatment and disposal are taken into account. The lowest
price quoted for the disposal of healthcare waste by incineration is £118/tonne, the
highest is £1,900/tonne. This compares to a price range of £17 to £75/tonne for
the incineration of municipal waste and £7 to £45/tonne for landfilling of municipal
waste.

For incineration, the largest single influence is probably the aggregation of costs for
new plant (built to new standards} with costs for old plant. Specialist healthcare
waste incineration with its special requirements is substantially more expensive
{unit cost basis) than municipal waste incineration with its economies of scale.
Even for incineration, however, there are other key factors: haulage distances, pre-
sorting and calorific vatues of the feedstock, disposa! cost for residues, and the
accounting régime for the disposal operation as a whole {including the contributions
from sales of steam and electricity). .

For landfill, the key factors are likely to be haulage distances, competition, site
geology, and the regulatory régime.

There is limited information available on pre-treatment costs; but they are usually
hughly dependent on the throughput of wastes and the cost of handhng and
fransport. Nevertheless, there 1s currently considerable commercial interest Iin pre-
treatment. Prices in the range of £300-£400/tonne have been gquoted for steam

UFatmeEnl a7 o LT IaTe waste,

RISK

There is some degree of public anxiety about healthcare waste but there I1s no
common understanding about the hazards inherent in this waste and tne risks
derived from those hazards. The Project Group considered risk in the sense the term
is generally used to mean "the probability of a future negative event”.

Probabilities, and hence risks, can be considered to be actual or perceived. The
actual probability of an event occuring depends on observations of the prior
occurrence of sufficiently similar events. The perceived probability is a subjective
judgmeént about the past and the future.

Some events - such as the consequences of a needlestick injury - possess both
actual and perceived risk. The injured person perceives the event through his fears
of the harm that may result; but harm may in fact result.

Healthcare Waste Priority Waste Stream Project \%3 October 1985
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N

-10.04 By definition, people who have no specialised knowledge rely upon perceived
probability for their judgments: hence excessive {though not wholly unwarranted)
fear of dying in an air crash, and altogether insufficient fear of horrific injury in a
road accident.

Perceived Risks

10.05 In the opinion of the Group, members of the public appear to perceive healthcare
waste as hazardous. They perceive major risks in used syringes, needies, blocd
packs, catheters, dialysis consumables, dressings, and the like; and in medicines ’
and medicine containers and packages. The perception is, in part, based én
aesthetics.

10.06 Members of the public also perceive risks to health and to the environment in the
processing of healthcare wastes. Their perception of risk to the environment 1s
shared by healthcare workers and environmental professionals.

10.07 Healthcare workers’ perceptions of health risks, however, are more precisely
focused. They fear infection, either from needlestick injury or from contact with
materials carrying pathogens. Environmental professionals concurin this perception;
they add that risks to waste disposa! workers arnse also from the way that waste
disposal is carried out, as well as from the particular characternistics of healthcare
wastes.

Actuz! Risns

10.08 Few scientific studies have measured the risks associated with handling healthcare
waste. The probability of HIV or hepatitis B virus infection of empleyees in the
healthcare sector following pricking or cutting has, however, been estimated in the
Us.

10.09 Under indiscriminate landfilling, healthcare wastes have been dumped in landfills
without precaution. The Group is not aware of any occasion when the resultant
harm has extended beyond the individuals directly affected.

10.10 The Group’s Consensus on Risk

1. Quantification of the actual risks from heaithcare waste must begin from
observation, hypothesis and experiment. It must take account of the
characteristics of the known pathogens. ’

2. Those responsible for the disposal of healthcare wastes must manage the
risks by selecting a disposal method suited to the character of each kind of

Healthcare Waste Priority Waste Stream Project : October 1995
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waste.

3. If members of the public know about the actual risks from healthcare waste, -
they may accept that it is right to scaie the response to the risk.

4, Professionals in healthcare, healthcare management, and waste disposal

. need a forum for discussing methods of risk audit, the resistance of
pathogens in wastes, the risks of infectien and harm, and the risks to the
environment from healthcare wastes and healthcare waste disposal.

11.0 RESEARCH AND DEVELOPMENT
Risk Research

11.01 As stated above, risk needs further research: it should include the handling of actual .
and perceived nsk and the controlled targeting of information activities.

Re-use

11.02 Re-use of medical devices is widely practised in many Member States for reasons

tfeiInc~y, gnZoorrenizno, Trsfertsdomotyetestah it e
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re-use 15 safe; for example, reuse of equipment may be practlcal where a smgle
patient is involved but not for a number of patients. A well-designed single-use
device must realistically be expected to have failure modes when treated and re-
used. If re-use is desired, the equipment must be designed from the outset to suit
the cycle of use and re-use; and the cost must be paid.

11.03 Further studies must clarify the technical, ethical and legal issues associated vvith
. re-use.

Recycling .

11.04 Hospnals have generally concentrated on helping the recycling non-patient contact
materials such as glass, scrap metal, aluminum cans, cardboard and other
packaging materials, including plastics. A variety of other worthwhile materials and
products can be recycled or recovered from hospitals: they include silver from
developers and fixing baths in x-ray departments, and organic materials (food
flowers).

Healthcare Waste Prionity Waste Siream Project . October 1995
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11.05 The contribution of plastics to waste minimisation through lightweighting can be
enhanced by a further examination of its recycling potential which is difficult to
achieve in ways that produce an adequate return. Recycled plastics products are
malnty but not exclusively manufactured from specific and unmixed materal.
Infusion sets, for example, consist of 4 or 5 different plastics. To improve the
opportunity for recycling, the number of individual plastics used in any given
healthcare artefact shoutd be minimised.

Healthcare Waste Priority Waste Stream Project : October 1335
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not produce glycogen, L. acidophilus is absent, and the
flora consists predominantly of staphylococci, strepto-
cocci, diphtheroids, and E. coli. After menopause, glyco-
gen disappears, the pH rises, and the flora again resem-
bles that found before puberty.

19.6
Entry of the Pathogen into the Host

We now start discussion of mechanisms used by patho-
gens to alter host function. The steps of pathogenesis, the
progression of a disease state, include entry, coloniza-
tion and growth, and the use.of several strategies to
establish virulence, the relative ability of a pathogen to
cause disease in the host (Figure 19.13). We will start our
discussion by considering the factors responsible for
entry of a pathogen into a host.

A pathogen must usually gain access to host tissues
and multiply before damage can be done. In most cases,

this requires that the organism penetrate the skin, '

mucous membranes, or intestinal epithelium, surfaces
that normally act as microbial barriers. Passage through
the skin into subcutaneous layers almost always occurs

John Durham
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Rectum

Figure 19.12 (a) The genitourinary tracts of the human female
and male, showing regions (color) where microorganisms
often grow. (b} Gram stain of Lactobacillus acidophifus, the pre-
dominant organism in the vagina of women. Individual rods
are 3~ pm in length,

through wounds; in rare instances pathogens penetrate
through the unbroken skin.

Specific adherence

Most microbial infections begin on the mucous mem-
branes of the respiratory, alimentary, or genitourinary
tract. There is considerable evidence that bacteria or
viruses able to initiate infection can adhere specifically
to epithelial cells (Figure 19.14). The evidence for spec-
ficity is of several types. First, there is tissue specificity.
An infecting microorganism does not adhere to all
epithelial cells equally but selectively adheres to cellsin
‘the particular region of the body where it normally
gains entrance. For example, Neisseria gonorrivene, the
causative agent of the sexually transmittec disease gon-
orrhea, adheres much more stronglvy to urogemtal
epithelia than to other tissues. Second, there 15 liost speci-
ficity. A bacterial strain that normallv infects humans
adheres more strongly to the appropnate human
epithelial cells than to srmilar cells in another ammal
(for example, the rat), whereas a strain that specificaily
colonizes the rat adheres more firmly to rat cells than
to human cells. i

Many bacteria possess specific surface macromole-
cules that bind to complementary receptor molecules
on the surfaces of certain animal cells, thus promoting
specific and firm adherence. Certain of these macromol-
ecules are polysaccharide in nature and form a sticky
meshwork of fibers called the bacterial glycocalyx
(Figure 19.14b). The glycocalyx is important not only in
attaching bacterial cells to host cell surfaces but also in
adherence between bacterial cells (Figure 19.14b). In
addition, fimbriae ( : Section 3.11) may be important in
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19.6

Further
exposure

ner
exposurg

igure 19.13 Microorganisms and pathogenesis. The pres-
nce of microorganisms on the host does not always lead to
fisease.

he attachment process. For instance, the fimbriae of N.
onorrhoeae play a key role in the attachment of this
rganism  to  urogenital epithelium, and fimbriated
trains of Escherichia coli (Figure 19.15) are much more fre-
uent causes of urinary tract infections than strains lack-
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ing fimbriae. Among the best-characterized fimbriae are
the so-called fype I fimbrine of enteric bacteria (Escherichia,
Klebsiella, Salmonella, Shigella). Type | imbnae are 0.2-1
pm in length and 7 nm wide and are uniformly distrib-
uted on the surface of cells. Type I fimbriae function in
attachment by binding mannose residues of specific host
cell glycoproteins to initiate the attachment event.
Evidence of the specific interaction between
mucosal epithelium and the pathogen comes from stud-
ies of diarrhea caused by Escherichia coli. Most strains of
E. coli are nonpathogenic and are part of the normal flora
of the large intestine. A few strains {only a handful of the
160 different E. coli serotypes known) are enteropatho-
genic, possessing the abulity to colorze the small intes-
tine and imtiate diarrhea. Such strains possess specitic
surface structures, the colonization factor antigens
(CFA), which are fimbrial proteins invoived in specific

. attachment to intestinal mucosa. Thus, two kinds of E.

coli can be recognized: pathogenic strains, which are
able to adhere to the mucosal surface of the small intes-
tine and cause disease symptoms, and “normal” E. col:
strains, which are unable to adhere to the small intes-
tine or produce enterotoxin (see Section 19.9). The nor-
mal E. coli strains grow in the large intestine (cecum
and colon), and often enter into a long-lasting symbi-
otic relationship with the mammalian host. A summary
of major factors in microbial adherence is given n
Table 19.3.

Invasion

A few microorganisms are pathogenic solelv because
of the toxins they produce. These organisms do not
need to gain access to host tissues, and we will discuss
them separatelv (see Sections 19.8 and 19.9). However,
most pathogens penetrate the epithelium to initiate
pathogenicity, a process called invasion. At the point of
entry, usually at small breaks or lesions in the skin or
in mucosal surfaces, growth is often established in the '

Figure 19.14 Adherence of pathogens to,
animal tissues. (a) Transmission electron
micrograph of a thin section of Vibrio
cholerae adhering to the brush border of
rabbit villi. Note the absence of the outer
laver (glycocalyx). (b} Enteropathogeruc
Eschericha coli in a fatal model infection in
the newborn calf. The bacterial cells are
attached to the brush border of calf villi via
an extensive glycocalvx. The rods are
about 0.5 um in diameter.

J W Costerion
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submucosa. Growth may also be established on intact
mucosal surfaces, especially if the normal flora is
altered or eliminated, for example, by antimicrobial
chemotherapy. Pathogens may then more readily colo-
nize the tissue and begin the invasion process.
Pathogen growth may also be established at sites dis-
tant from the original point of entry. Access to distant,
usually interior, sites is through the blood or lym-
phatic circulatory system (oo Section 20.1).

CONCEPT CHECK 19.6

Pathogens may first gain access to host tissues by
adherence to specific host molecules, usually on
mucosal surfaces. Invasion starts at the site of
adherence and may spread throughout the host via
the circulatory systems.

v Distinguish between adherence and invasion.

v Why is invasion usually necessary to establish
pathogenicity?

19.7
Colonization and Growth

If a pathogen gains access to tissues, it must multiply, a
process called colonization. Colonization requires that
the pathogen bind to specific tissue surface receptors
and overcome any nonspecific or immune host defenses
(see Section 19.12 and Chapter 20). The irutial inoculum
is rarely sufficient to cause damage; a pathogen must
grow within host tissues in order to produce a disease. If
the pathogen is to grow, it must find appropriate nutri-
ents and environmental conditions in the host
Temperature, pH, and reduction potential are environ-
mental factors that affect pathogen growth, but the
availability of microbial nutrients in host tissues is most
important. Although a vertebrate host might seem to be

Jimes A Roberis

Figure 19.15 Shadow-cast electron mucrograph of the bac-
tertum Eschericlua colt. showing type P timbriae Tyvpe P im-
briae resemble type [ fimbriae but are somewhat longer The
cell shown is about 0.5 pm wide.

a nutritional paradise for microorganisms, not all nutr-
ents are plentiful. Soluble nutrients such as sugars,
amino acids, and organic acids mayv often be-in short
supply, and organisms able to utilize complex nutrient
sources such as glycogen may be favored. Not all vifa-
mins and other growth factors are necessarily in ade-
quate supply in all tissues at all times. Brucella abortus,
for example, can grow slowly in most tissues of infected
cattle but grows very rapidly in the placenta, where it
causes abortion. This specificity is due to the elevated
concentration of erythritol found in the piacenta, a
nutrient that greatly stimulates growth of B abortus (see
Table 19.6).

Trace elements may also be in short supply and
can influence establishment of the pathogen. For
example, considerable evidence exists for the influence
of iron on microbial growth. Specific proteins called
transferrn and lactoferrin, present in animals, bind iron
tightly and transfer it through the bodv. Such is the
affinity of these proteins for iron that microbal iron
deficiency may be common; indeed, administration of

Major adherence factors used to facilitate attachment of microbial pathogens to host tissues®

Factor _Example

Sticky outer capsule (glycocalyx)
intestinal villi

Enterotoxic Escherichia coli (ETEC)—glycocalyx promotes adherence to the brush border of

" Dental canes—binding to tooth surface by Streptococcus mutans

Adherence proteins

Lipoteicheic acid
receptor

Fimbrniae (pil1)

.

M-protein on surface of Streptococcus pyogenes binds receptor on respiratory mucosa

Along with M-protein of Streptacoccus pyogenes—facilitates binding to respiratory mucosal

Gonorrhea—pili on Netsseria gonorrhoeae facilitate binding to urogenital epithelhum

Salmonellosis—type [ fimbriae facilitate binding to small intestinal epithehum
Enterotoxic Escherichia coli—colonization factor antigens (CFAs), which are fimbrial, facilitate
binding to small intestinal epithelium

“For the most part, receptor sites on host tissues are glycoproteins or complex lipids such as gangliosides or globosides

|5}



1 solubie iron salt to an infected animal may greatly
ncrease the virulence of some pathogens. As we noted
n Section 4.2, many bacteria produce iron-chelating
compounds (siderophores), which help them to obtain
ron from the environment. Some iron chelators iso-
ated from pathogenic bacteria are so efficient that they
an actually remove iron from animal iron-binding
proteins. For example, a siderophore called aerobactin,
produced by certain strains of Escherichia coli and
encoded by the Col V plasmid (oo Section 9.8), read-
ly removes iron bound to transferrin.

Localization in the body

After initial entry, the organism often remains local-
ized and multiplies, producing a small focus of infec-
tion such as the boil, carbuncle, or pimple that com-
monly arises from Staphylococcus infections of the skin.
Alternatively, the organisms may pass through the
lymphatic vessels and be deposited in lymph nodes. If
an organism reaches the blood, it will be distributed to
distant parts of the body, usually concentrating in the
liver or spleen. Spread of the pathogen through the
blcod and lymph systems can result in a generalized
(systemic) infection of the body, with the organism
growing in a variety of tissues. If extensive bacterial
growth in tissues occurs, some of the organisms are
usually shed into the bloodstream in large numbers, a
condition called bacteremia. Generalized infections of
this type almost always start as a localized infection at
a specific organ site but fortunately are quite rare.

Virulence factors

A number of pathogen-produced extracellular pro-
teins aid in the establishment and maintenance of dis-
ease. These proteins, which are mostly enzymes, are
called wvirulence factors. For example, streptococci,
staphylococci, pneumococci, and certain clostridia
produce hyaluronidase (Table 19.4), an enzyme that
promotes spreading of organisms in tissues by break-
ing down hyaluronic acid, a polysaccharide that func-
tions in the body as a tissue cement. Production of this
enzyme enables these organisms to spread from an ini-
tial focus. Streptococci and staphylococci also produce
a vast array of proteases, nucleases, and lipases that
serve to depolymerize host proteins, nucleic acids, and
fats, respectively. Clostridia that cause gas gangrene
produce collagenase, or k-toxin (Table 19.4), which
breaks down the collagen network supporting the tis-
sues; the resulting dissolution of tissue is a factor in
enabling these organisms to spread through the body.
Fibrin clots are often formed by the host in a region of
microbial invasion and wall off the organism, prevent-
ing its spread through.the body. Some organisms are
able to produce fibrinolytic enzymes to dissolve these
clots and make further invasion possible. One such fi-
bnnolvtic substance, produced by Streptococcus pyo-
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genes, is known as streptokinase (Table 19.4). On the
other hand, some organisms produce enzymes that
actually promote fibrin clotting, which causes localiza-
tion of the organism rather than its spread. The best-
studied fibrin-clotting enzyme is coagulase {Table
19.4), produced by pathogenic Staphylococcus aureus,
which causes the fibrin material to be deposited on the
cocci and may offer them protection from attack by
host cells. The fibrin matrix produced as a result of
coagulase activity probably accounts for localization
of many staphylococcal infections in boils and pimples
(oo Figure 23.6).

Various pathogens produce proteins that are able
to act on the animal cytoplasmic membrane, causing
cell lysis and hence cell death. The action of these tox-
ins is most easily detected with red blood cells (ervth-
rocytes), hence they are often called hemolysins (Table
19.4); in probably all cases, however, they also work on
cells other than erythrocytes. The ‘production of such
toxins is most readily demonstrated in the laboratory
by streaking the organism on a blood agar plate. Durmg

growth of the colonies, some of the hemolvsin is-

released and lyses the surrounding red blood cells, tvp-
ically clearing a zone of hemolysis (Figure 19.16q).
Some hemolysins are enzymes that attack the phos-
pholipid of the host cytoplasmic membrane. Because
the phospholipid lecithin (phosphatidyicholine) is
oftenn used as a substrate, these enzymes are called
— lecithinases-or-phospholipases-(Figure_19.16b)..Since
the cytoplasmic membranes of all organisms, both
prokaryotes and eukaryotes, contain phospholipids,
hemolysins that are phospholipases sometimes destroy
bacterial as well as animal cytoplasmic membranes.
Some hemolysins are not phospholipases, however.
Streptolysin O, a hemolysin produced by streptococci,
affects the sterols of the host cytoplasmic membrane,
and its action is neutralized by addition of cholesterol
or other sterols. Leukocidins (Table 19.4) are lvtic
agents capable of lysing white blood cells and hence
serve to decrease host resistance (72 Section 20.1).

*CONCEPT CHECK

The disease process requires that a pathogen gain
access to host-provided nutrients, followed by col-
onization and growth in substantial numbers in
host tissue. A number of pathogen-produced ex-
tracellular virulence factors are designed to pro-
tect the pathogen from host defenses or to provide
increased access to nutrients.

19.7

v Why is colonization necessary for the success of
most pathogens?

v’ Why do bacterial enzymes attack structural compo-
nents of host cells?

¥
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ZYIRRE RN Exotoxins and extracellular virulence factors produced by certain bacteria pathogenic for humans

Organism Disease Toxin or factor Action
Clostridium botulinum Botulism Neurotoxin Flaccid paralysis (see Figure 19 184)
Clostrudium tetani Tetanus ) Neurotoxin Spastic paralvsis (see Figure 19.180)
Clostridium perfringens Gas gangrene, food poisoning a-Toxin Hemolysis (lecithinase,
see Figure 19 16b)

B-Toxin Hemolysis

y-Toxin Hemolysis

&-Toxin Hemolysis

&Toxin Hemoiysis (cardiotoxin)

x-Toxin Collagenase

A-Toxin Protease

Corynebacterium diphtheriae

Staphylococcus aureus

Streptococcus pyogenes

Vibrio cholerae

Escherichia coli
(enteropathogeruc
strains only)

Bacillus cereus

Shigella dysenteriae
Yersinia pestis
Bordetella pertussis

Pseudomonas aeruginosa

Diphtheria

Pyogeruc (pus-forming)
infections (boils, and so on),
respiratory infections,
food posoning, toxic shock
syndrome, scalded skin
syndrome

Pyogenic infections,
tonsillitis, scarlet fever

Cholera

Gastroenteritis

Food poisoning

Bacterial dysentery
Plague
Whooping cough

Various P. seruginosa
infections

Enterotoxin

Diphtheria toxin

a-Toxin

Toxic shock syndrome

toxin
Exfoliating toxins
Aand B
Leukocidin
B-Toxin
y-Toxan
&-Toxin
Enterotoxins A, B,
C.D andE
Coagulase
Streptolysin O
Streptolysin 5
Erythrogenuc toxin
Streptokinase
Hyaluronidase

Enterotoxin

Enterotoxin

Enterotoxin

Neurotoxin

Plague toxin

Whooping cough
(Pertussis) toxin

Exotoxin A

Alters permeability of
intestinal epithehum
Inhubits protein synthes:s
i eukaryotes and in Archaea
(see Figure 19.17}

Hemolysis
Systemic shock

Peeling of skin, shock

Destroys leukocytes

Hemolysis

Kills cells

Hemolysis, leukolvsis

Induce vorruting,
diarrhea, shack

Induces fibrin clotting

Hemolysin

Hemolysin

Causes scarlet fever rash

Dissolves fibrin clots

Dissolves hvaluronuic aaid in
connective tissue

[nduces fluid loss from intestinal
cells (see Figure 19 19)

Induces fluid loss from intestinat
cells

Induces fluid loss from ntestinal
cells

Paralysis, hemorrhage
Kills cells
Kills cells

Kills cetls

19.8

Exotoxins

The ways in which pathogens bring about damage to
the host are diverse. Only rarely are symptoms of a
disease due simply to the presence of large numbers of

microorganisms. Although a large mass of cells can
block vessels or heart valves or clog the air passages of
the lungs, in many cases pathogens produce foxins that
are responsible for host damage.

Toxins released extracellularly as the organism
grows are called exotoxins. These toxins may travel
from a focus of infection to distant parts of the body
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Figure 19.16 (a) Zones of hemolysis
around colorues of Strepfococcus pyo-
genes growing on a blood agar plate.
(b) Action of lecithinase, a phospholip-
ase, around colonies of Closiridium per-
fringens, growing on an agar medium

LronJ LeBuag

contamning egg yolk. (B}

and cause damage in regions far removed from the site is ADP-ribosylated at a single amino acid residue, a
of microbial growth. Table 19.4 provides a summary of modified histidine molecule called diplithamude; follow- -
the properties and actions of some of the best-known ing ADP-ribosylation, the activity of elongation factor 2
exotoxins. drops dramatically and protein synthesis stops.

Diphthera toxin is formed by strains of C. dipiitie-
riae that are lvsogenized by a bacteriophage called

Diphtheria toxin phage B, and the toxin production is encoded in the

The toxin produced by Corynebacterium diphtheriae, the phage genome. Nontoxigenic and hence nonpatho-
causal agent ‘of diphtheria, was the first exotoxin to be genic strains of C. diphtherize can be converted to path-
discovered. It differs markedly in its action on different ogenic strains by infection’ with the B phage (the
anumal species; rats and mice are relatively resistant, process of phage conversion) ( = Section 9.7).
whereas humans, rabbits, guinea pigs, and birds are The toxin as excreted by C. diphtheriae cells is a sin-
susceptible. Diphtheria toxin is very potent; only a sin- gle polypeptide of 62,000 molecular weight containing
gle molecule is required to kill a single cell. The toxin 535 amino acids. Following binding to the host cell, the
. hinds 1rreversibly to the cell, and within a few hours the polypeptide is cleaved by a protease into two fragments.
" TliTlosesTits"ability “to~synthesize-protein-because-the Fragment.A (193 amino_acids)_enters_the cell and dis-
toxin interferes with protein synthesis by blocking rupts protein synthesis, whereas the remaining piece,
transter of an amino acid from a transfer ribonucleic Fragment B (342 amino acids), is discarded. Before
acid (tRNA) to the growing peptide chain. The toxin cleavage, Fragment B promotes specific binding of the
specifically 1nactivates one of the elongation factors toxin to the host cell, and following cleavage it assists in
(elongation factor 2) involved in growth of the polypep- the entry of Fragment A into the host cyvtoplasm.
tide chain (Figure 19.17) by catalyzing the attachment of A factor In toxin production is the concentration of
the adenosine diphosphate (ADP) ribose moiety of iron present in the environment. In media containing suf-
NAD- to the elongation protein. The elongation protein ficient iron for optimal growth, no toxin is produced

The components invoivad in diphthena toxin action

| ot | + [-n-aoer ™|

\ Formation of toxin:
Nicotinamide adenine dinuclectide {NAD™) 3 NAD* compiex

N = nicotinamide Sl Ll . ! v
ADPR = adenosine diphosphoribose I oT I— [E'N.Aopﬂiil

(IS — ADP-nbaosyiation of EF
& o _ N

{iEF|-—[:"a0PR . | Inactive EF

Elonganion factor 2 (involved in protein synthesis)

Figure 19.17 Catalysis by diphtheria toxin of
tachment of the adenyldiphosphoribosyl |+ -

ADPR) portion of NAD- to elongation factor 2, -

leading to inhibition of protein synthesis.
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When the iron concentration is reduced to growth-limit-

1g levels, toxin production occurs. The role of iron is to
-nd to a regulatory protein in C. diphtheruwe (that is, act
as a negative control element) (< Section 7.3). The iron-
binding protein then combines with a control region of
the DNA of B phage and prevents expression of the
diphtheria toxin gene. When iron is absent, the regula-
tory protein does not act, and toxin synthesis can occur.
The disease diphtheria is discussed in Section 23 2. This
strategy for toxin production may also be found in other
microorganisms. For example, exotoxin A of Pseudo-
monas aeruginosa {Table 19.4) has an action quite similar
to that of diphtheria toxin, also transferring the ADP-
ribosyl portion of NAD" to elongation factor 2.

Tetanus and botulinum toxins

These toxins are produced by two species of obligately
anaerobic bacteria, Clostridium tetani and C. botulinum,
which are normal soil organisms that occasionally become
involved in disease situations in animals. C. tetani grows in
the body in deep wound punctures that become anaero-
bic, and although C. tetani does not invade the body from
the initial site of infection, the toxin it produces can spread
and cause severe neurological symptoms that can result in
death. C. botulirum rarely grows directly in the body, but it
does grow and produce toxin in improperly preserved
foods. Ingestion of toxin-containing food results in neu-
Jlogical disease and death.

However, in mfant botulism, infection of the intesti-
nal tract from a C. botulinum-containing food product
such as raw honey results in chronic infection by the
toxin-producing organism. Elaboration of the toxin
then causes the disease. C. botulinum infection is rare in
normal adults because the normal flora and the
immune response are developed and prevent colo-
nization of the intestinal tract by the pathogen.

Tetanus toxin is a protein of molecular weight
150,000, containing two polypeptides. On entry into
the central nervous system, this toxin becomes fixed to
nerve synapses, binding specifically to a ganglioside
lipid. This binding blocks the release of glycine, a fac-
tor that induces relaxation of the muscles. Thus, the
toxin allows constant firing of the motor neurons and
continual contraction. This is very different from the
normal muscle action pattern (Figure 19.18). Usually,
two neurons innervate each muscle fiber. One neuron
transmits activation (contraction) signals from the cen-
tral nervous system. The other neuron transmits inhi-
bition (relaxation) signals. Muscles throughout the
body are arranged in opposing pairs. Thus, when one
muscle of each pair has received an activation signal
and is contracted, the other has received an inhibition
signal and is relaxed. However, if tetanus toxin is
hound to the inhibitory motor neurons as described

bove, it blocks the inhibitory signal, resulting in the
simultaneous contraction of both of the paired muscles.

The outcome is a spastic, twitching paralysis, with both
muscles contracted and opposing one another at the
same time. If the muscles of the mouth are involved, the
prolonged spasm restricts the mouth’s movement,
resulting in the condition known as lockjaw. If the respi-
ratory muscles are involved, death mav be due io
asphyxiation.

Botulinum toxin is a series of seven related toxins
that are the most poisonous substanices known One mil-
ligram of pure betulinum toxin is enough to kill more
than 1 million guinea pigs. Of the seven distinct botu-
linum toxins described, at least two of these are encoded -
on tysogenic bacteriophages specific for Clostriudium bot-
ulinum, The major toxin is a protein of about 150,000
molecular weight, which readily forms complexes
with nontoxic botulinum proteins to give an active
form of the toxin of almost 10° molecular weight.
Toxicity occurs because the toxin binds to presvnaptic
membranes at the nerve-muscle junction, blocking the
release of acetylcholine. Because transmission of the
nerve impulse to the muscle is by means of acetyl-
choline action, muscle contraction is inhibited, causing
a flaccid paralysis. The fatality rate from botulism poi-
soning can approach 100% but can be significantly
reduced by quick admunistration of an antitoxin anti-
body (= Section 20.17) and by use of an artificial res-
pirator to prevent respiratory failure. Death in cases of
botulism is usually due to respiratory or cardiac fail-
ure. The mode of action of tetanus and botulinum tox-
ins is contrasted in Figure 19.18.

CONCEPT CHECK - 198

The most potent biclogical toxins are the exotoxins
produced by pathogens. Each exotoxin acts on spe-
cific host cells or molecules.

v Whai key features are shared by all exotoxins?

V' What factors make botulinum toxin so lethai?

19.9
Enterotoxins

Enterotoxins are exotoxins that act on the small intes-
tine, generally causing massive secretion of fluid into
the intestinal lumen, leading to the svmptoms of diar-
rhea. Enterotoxins are produced by a variety of bacteria,
including the food-poisoning organisms SfﬂphlﬂOCOCCHS
aureus, Clostridium perfringens, and Bacillus cereus, and
the intestinal pathogens Vibrio cholerae, Escherichia coli,
and Salmonella enteritidis. The E. coli enterotoxin is plas-
mid-encoded. It is likely that this plasmid also encodes
synthesis of the specific surface antigens that are essen-
tial for attachment of enteropathogenic E coli to intest-
nal epithelial cells (see Section 19.6).

~
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Muscle
fibers

Acetylcholine (A)
induces contracticn
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central nervous
system

Botulinum toxin (4}
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Motor
nerve

Muscle
fibers

Tetanus taxin {(]) blocks
release of glycme.
nhibiting relaxaton

19.9 Enterotoxins

Relaxation
signal from
central nervous
system

Glycine (G) induces
relaxation and elengation

803

of muscle fibers

Figure 19.18 Actions of neurotoxins on the motor end plate at the muscle fiber-motor nerve
junction. {a) Botulinum toxin from Clostridium botulinum This toxin results in irreversible relax-
ation and flaccid paralysis in the affected muscles. (b) Tetanus toxin from Clostridnan tetani This
toxin results in irreversible contraction and spastic paralysis in the affected muscles.

Cholera toxin

into the intestinal lumen. This change in 10nic balance

The enterotoxin produced by Vibrio cholerae, the causal
agent of cholera, 1s the best understood. Cholera toxin
isa protein consisting of three polypeptides, the A, A,,
and B polypeptide chains of 82,000 total molecular
weight. Chains A, and A, are covalently connected by
a disulfide bridge to make a dimer called subunit A,
and this is loosely associated with a variable number
of B chains. The B subunit contains the binding site by
which the cholera toxin combines specifically with the
ganglioside GM1 (a complex glycolipid) in the epithe-
Laf cytoplasmic membrane (Figure 19.19z), but the B
subunit itself does not cause an alteration in membrane
permeability. Rather, the toxic action is in the A, chain,
which activates the cellular enzyme adenyl cyclase, caus-
ing the conversion of adenosine triphosphate (ATP) to
cvelic adenosine monophosphate (cAMP).

As we discussed in Section 7.6, cyclic AMP is a spe-
dfic mediator of a variety of regulatory systems in
tells. In mammatls, cyvclic AMP is involved in the action
of a variety of hormones, as well as in synaptic trans-
mission in the nervous system, and in inflammatory
and immune reactions of tissues, including allergies.
Although the A, subunit of cholera toxin is responsible
for activation of adenyl cyclase, A, must first be acti-
vated by a cellular enzyme that requires NAD* and
ATP. In the action of cholera enterotoxin, the increased
aclic AMP levels bring about the active secretion of
chlonde and bicarbonate ions from the mucosal cells

lumen (Figure 19.19b). In the acute phase of cholera, the
rate of water loss into the small intestine is greater than
reabsorption of water by the large intestine,-and so mas-
sive net fluid loss occurs. Cholera victims generally die
from extrerne dehvdration, and the best treatrnent for
the disease 1s the oral administration of electrolvte solu-
thons containing solutes (Figure 19.19¢) to replace the lost
fluid and ions.

At the molecular level, cholera enterotoxin has a
mode of action (formation of cvclic AMP) identical to
that of some normal mammalian hormones, and 1t has
been suggested that cholera toxin mayv represent an
ancestral hormone. Because cholera enterotoxin acti-
vates adeny! cyclase in a variety of cells and tissues,
pathological manifestations of cholera toxin are
related more to the specific site at which it binds, the
epithelial cells of the small intestine, than to toxin acti-
vation of adenvl cvclase. Indeed, punfied B subunits
devoid of adenyl cyclase activity can actuallv prevent
the action of cholera enterotoxin, if they are adminis-
tered first, because they bind to the specific cholera
receptors on the mucosal cells and block the binding of
the complete toxin.

Genetic studies of cholera toxin have shown that the
cholera enterotoxin is encoded by two genes, ctxA and
ctxB. Expression of ctxA and cfxB is controlled by a pos-
itive regulatory element, a protein encoded by the toxR
gene. The foxR gene product ts a transmembrane protein
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Intestinal epithelial cells

Nermal 1on movement, Na* from lumen
to bloed, no net Cl- movament

GM1
Wibrio cholerae loxin

Vibrio cholerae cell

(a) Bactenai colonization of the small intestine Production
and binding of cholera tean to GM1.

Activation of epithehal
adenyl cyclase by
cholera toxin

Na® movement blocked,
net CI~ movement to jumen

H,O

Massive water movement
to the iumen.

() Osmotic balance upset, leading to diarrhea.

(¢) Treatment: oral solution for cholera therapy (ingredients in gA):

Glucose, 20, NaCl, 4.2; NaHCQ,, 4.0: KCI, 1.8

igure 19.19 Action of cholera enterctoxin.

that controls not only cholera toxin production but also
several other important virulence factors, such as outer
membrane proteins and pili required for successful col-
onization of Vibrio cholerae in the small intestine.

Other enterotoxins

There is gocd evidence that the enterotoxins produced
by enteropathogenic Escherichia and Salmonella have
modes of action similar to that of cholera toxin, and
antibody against cholera enterotoxin also inactivates
these other enterotoxins, suggesting a similar struc-
ture. The sequence of the cholera toxin genes ctxA and
B further supports this relationshup: cholera toxin
genes show greater than 75% sequence homology with
the genes encoding the heat-labile enterotoxin pro-
duced by enteropathogenic Eschericlua coli Also, the
active component of Escherichia enterotoxin 1s acti-
vated by a cellular enzyme system requiring ATP and
NAD". As discussed in Section 9.8, Escherichia entero-
toxin is controlled by a conjugative plasmid, but the
enterotoxin gene of Vibrie cholerae is chromosomal,
although transmissible by conjugation. However, the
enterotoxins produced by the food-poisoning bacteria
(Staphylococcus aureus, Clostridium perfringens, Bacillus
cereus} may be quite different in their modes of action
(see Section 20.16 for a discussion of 5. mureus toxic
mechanisms) because their action is at least partlyv svs-
temic and cannot be explained by alterations in intesti-
nal permeability alone.

CONCEPT CHECK . | 19.9

Enterotoxins are exotoxins that act specificatly on
the small intestine, causing changes in intestinal
permeability that lead to diarrhea. Many food-
poisoning microorganisms produce enterotoxins.

v’ Are all enterofoxins also exotoxins?

v’ Do all enterotoxins share a common mechanism of
action?

19.10
Endotoxins

Gram-negative Bacteria produce lipopolysaccharides
as part of the outer layer of their cell walls (- Fjgures
3.33 and 3.34), which under many conditions are toxic.
These are called endotoxins because they are generally
cell-bound and released in large amounts onlv when
cells lyse. In most cases, endotoxin can be equated with
lipopolysaccharide toxin. Endotoxins have been stud-
ied primarily in the genera Escherichm, Shigella, and
especially Salmonella. The major differences between
exotoxins and endotoxins are listed in Table 19.5.
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19.10 Endotoxins

Property Exotoxins

Endotoxins

Chemical properties

heat-labile

Mode of action; symptoms

action on cells or tissues
Toxicity Highly toxic, often fatal

Immunogenicity

Toxoid potential

Proteins, excreted by certain gram-positive
or gram-negative Bacteria; generally

Specific; either cytotoxin, enterctoxin,
or neurotoxin with defined specific

Highly immunogenic; stimulate the production
of neutralizing antibody (antitoxin)

‘Treatment of toxan with formaldehyde

Lipopoelysaccharide-hpoprotein compleves
{see Figures 3.33 and 3.34), released
on cell lysis as part of the outer membrane
of gram-negative Bacteria, extremely heat-stable

General; fever, diarrhea, vomuting

Weakly toxic, rarely fatal

Relatively poor immunogen; immune
response not sufficient to neutralize toxin

None

will destroy toxicity, but treated toxin

(toxoid) remains immunogenic

Fever potential Do not produce fever in host

Pyrogenic, often produce tever in host

Endotoxin structure and function

When injected into an animal, endotoxins cause a vari-
ety of physiological effects. Fever is an almost universal
symptom because endotoxin stimulates host cells to
release proteins called endogenous pyrogens, which affect
the temperature-controlling center of the brain. In addi-
tion, however, the animal may develop diarrhea, expe-
rience a rapid decrease in lymphocyte, leukocyte, and

platelet numbeérs, and enter into a ‘generalized-inflam-———

matory state. Large doses of endotoxin can cause death,
primarily through hemorrhagic shock and tissue necro-
sis. However, the toxicity of endotoxins is much lower
than that of exotoxins. For instance, in the mouse the
amount of endotoxin required to kill 50% of a popula-
tion of test animais (the so-called LDy,) is 200400 pg
- per mouse, whereas the LD,, for botulinum toxin is
about 25 picograms (pg) per mouse, about 10 million
times less! (A picogram is 1072 g or 107¢ pg.)

The overall structure of lipopolysaccharide (LPS)
was diagrammed in Figure 3.34. Lipopolysaccharide
consists of lipid A, a core polysaccharide, which in Sal-
monella is the same for many species, consisting of

ketodeoxyoctonate, seven-carbon sugars (heptoses),

glucose, galactose, and N-acetylglucosamine, and the
O-polysaccharide, a highly variable molecule that usually
contains galactose, glucose, rhamnose, and mannose
and generally contains one or more unusual dideoxy
sugars such as abequose, colitose, paratose, or tyvelose.
The sugars of the O-polysaccharide are connected in
four- to five-sugar sequences (often branched), which
then repeat to form the complete molecule (<o Figures
3.33 and 3.34). Lipid A is not a normal glycerol lipid, but
nstead the fatty acids are connected by ester linkage to
N-acetylglucosamine. Fatty acids frequently found in
the lipid include B-hydroxymuyristic, lauric, myristic,
and paimitic acids.

Purification of lipopolysaccharide fractions has
shown that it is the lipid A complex that 1s responsible
for toxicity and that the polysaccharide acts mainly to
render the lipid water-soluble, However, animal stud-
ies have shown that the entire endotoxin complex,
which contains both polysaccharide and hpid, 15
required to obtain a response.

Limulus assay for endotoxin

Because endotoxins are fever inducers, pharmaceutical.
such as antibiotics and intravenous solutions musi be
endotoxin-free. An endotoxin assay of verv hugh sensi-
tivity has been developed using lysates of amebocytes
from the horseshoe crab, Linulus polyphemus. Although
the mechanism of this assay is not understood, endo-
toxin specifically causes lysis of amebocvtes (Figure
19.20). In a comumnercial assay, amebocyte extracts are
mixed with the solution to be tested. If endotoxin is pres-
ent, the amebocyte extract gels and precipitates, causing
a marked change in turbidity. This reaction can be mea-
sured quantitatively with a spectrophotometer. A mea-
surable reaction can be obtained with as little as 10-20
pg/ml of lipopolysaccharide. Apparently the active
component of the Limulus extract reacts.with the hipid
component of lipopolysaccharide. The Limulus assayv has
been used to detect the presence of minute quantities of
endotoxin in serum, cerebrospinal fluid, drinking water,
and fluids used for injection.

The Limulus test is so sensitive that considerable
care must be taken to avoid contamination of the equip-
ment, solutions, and reagents with the gram-negative
Bacteria in the laboratory and climcal environment, tor
example, as contaminants in the distilled water. In clin-
ical work, detection of endotoxin by the Limuliis assav
in serumn or cerebrospinal fluid is presumptive eviden~
of gram-negative infection of these body fluids.
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A QO Tzanabes and R D Millham

A O Txaanabos and R D Millham

(b)

Figure 19.20 Photomicrographs of Limulus amebocytes.
{a) Normal amebocytes. (b) Amebocytes following exposure
to bacterial lipopolysaccharide. Treatment with lipopolysac-
charide causes degranulation of the cells, and this response
can be used as an assay for lipopolysaccharide content

CONCEPT CHECK 19.10

Endotoxins are toxic outer cell wall components
derived from gram-negative Bacteria. Host fever is
a svmptom of endotoxin action.

v Why do gram-positive Bacteria not produce endo-
toxins?

v’ Are endotoxins generally as potent as exotoxins?
Wiy or why not?

19.11 :
Virulence

Virulence is the relative ability of a parasite to cause dis-
ease. In the last five sections, we described several spe-
cific virulence factors, all of which dealt with the ability
of a pathogen either to invade a host or to cause damage

by producing toxins. In this section, we will deal with
specific examples of particularly virulent orgamisms and
we will apply our knowledge of virulence factors to
explain the virulence of these orgarusms.

Both utvasiveness and toxigenicity are quantitative
properties and may vary over a wide range trom very
high to very low. An orgarusm that is onlv weakiv inva-
sive may still be virulent if it is highly toxigenic. A good
example of this 1s the organism Clostrudiim teian, 1he
cells of this organism rarely leave the wound where
they were first deposited; vet thev are able to bring
about death of the host because thev produce the potent
tetanus exotoxin, which can move to distant parts ot the
body and initiate paralvsis. On the other hand, a weakly
toxigenic organism may still be able to produce disease
if it is highly invasive. Streptococcus pricunioniie 15 not
known to produce any toxin but is able to cause exten-
sive damage and even death because it is highly inva-
sive, being able to grow in-lung tissues i enormots
numbers and initiate host responses that lead to distur-
bance of lung function. These two organisms exemplify
the extremes of invasiveness and toxigercity, most
pathogens fall somewhere bebween these tivo extremes,

We have discussed several virulence factors used by
pathogens, including the toxins {see Sections 19.5-19. 10).
Several other virulence factors have also been identfied
in pathogenesis. In Salmoneila, for example, & genus in
which genetic studies can be readily done, a vanety of
virulence factors are known. Toxin production con-
tributes to the virulence of Salmonella sp., and at least
three toxins are produced: enterotoxin, endotoxin, and
cytotoxmn. Cytotoxin acts by inhubiting host cell protein
synthesis, and because it is associated with the cell sur-
face, it may also be involved in adherence, which allows
Salmonella to bind to epithelial ceils. Other factors
involved in adherence are the cell surface polvsaccha-
ride O antigen (  Figure 3.33) and the flagellar Vi anh-
gen. Fimbriae mav also enhance adherence. lntnsion ac-
tors inciude the O and Vi antigens These invasion
factors are important because theyv prevent killing by
phagocytes, a group of white blood cells that nermally
ingest and kill bacteria (  Section 20 3) Sabuouella is
thought to establish infections through witracellniar par-
asitism, the practice of residing in host gells. eventually
growing and destroving those cells, and spreading to
other cells. A plasmud-borne viruience factor 1s respon-
sible for intracellular persistence and spread in most
species of Salmonella. Thus, Salmonella, and probably
most other pathogens, use several virulence factors
simultaneously to initiate infection. Figure 19 21 sum-
marizes the known virulence factors in Salioneila

The virulence of a pathogen can be estimated from
experimental studies of the LDy Highly virulent
pathogens frequently show little difference in the num-
ber of cells required to kill 100% of the .population as
compared to the number required to kill 30% of the
population. This is illustrated in Figure 19.22 for exper-

-
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Figure 19.21 Summary of virulence factors important in
Salmonella pathogenesis. See text for discussion.

imental Streptococcus and Salmonella infections in mice.
Only a few cells of Streptococcus pneumoniae are required

per mouse are necessary to kill every member of a test
population once the virulence of a particular strain has
been established. In fact, the LDy, for this organism is
hard to ascertain because so few organisms are needed
to produce a lethal infection. By contrast, the LD, for

Percentage
of mice
killed

Figure 19.22 An example of differences in
microbial virulence as shown by the number of
cells of Streptococcus pneumoniae or Salmonella
tuphtmiriun required to kill a mouse population.

—ta establish a-fatal-infection-in-mice.-Fewerthan 100 cells ..
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Salmonella typhimurium, also a mouse pathogen but a
much less virulent one, is much higher than for S. preu-
momae, and the number of cells required to kill 100% of
the population is much higher than the LD,

When pathogens are kept in laboratorv culture and
not passed through animals for long periods, their viru-
lence is often decreased or even completely lost. Such
organisms are said to be attenuated. Attenuation proba-
bly occurs because nonvirulent mutants may grow faster
and, through successive transfers to fresh media, such
mutants are selectively favored. Attenuation often
occurs more readily when culture conditions are not
optimal for the species. If an attenuated culture 1s
reinoculated into an animal, virulent organisms -are
sometimes reisolated, but in many cases loss of viru-
lence is permanent. Attenuated strains find frequent
use in the production of vaccines, especiallv viral vac-
cines { + Section 20.17). Measles and mumps vaccines,
for example, are composed of attenuated viruses, as 1s
the rabies vaccine given to domesticated animals.

CONCEPT CHECK

Virulence is determined by the invasiveness and
toxigenicity of a pathogen. In most pathogens, a
number of factors contribute to virulence. Atten-
uation is loss of virulence.

19,11

v Why is Streptococcus pneumoniae, Aiglily Tii-
lent even though it produces no toxins?

V' Suggest a method for producing an aftenuated

pathogen.
Highly virulent
argantsm Moderately virulent
- (Streptococcus organism
pneumoniag) (Salmoneiia typhimunumj

109 104

Number of cells injected per mouse



808 Chapter 19 Host-Parasite Relationships

19.12
Nonspecific Host Defenses

Many of the mechanisms responsible for the suppres-
sion of pathogens are innate “resistance factors.” These
resistance factors can be divided into two categories: spe-
cific host defenses, which are directed against individual
species or strains of pathogens, and nonspecific host
defenses, directed against a variety of pathogens. In this
chapter we consider the major nonspecific host defenses
that have been identfied as important in preserving the
healthy state of the host. In the following chapter we
consider specific host defenses—the immune response.

Natural host resistance

The ability of a particular pathogen to cause disease in
different animal species is highly varable. In rabies, for
instance, death usually cccurs in all species of mam-
mals once symptoms of the disease develop. Never-
theless, certain animal species are much more suscep-
tible to rables than others. Raccoons and skunks, for
example, are extremely susceptible to rabies infection
as compared to opossums, which are rarely linked to
cases of rabies in wild animals. Anthrax infects a vari-
ety of animals and causes disease symptoms varying
from mild pustules in humans to a fatal blood poison-
ing in cattle. However, birds are totally resistant to
anthrax. Finally, diseases of warm-blooded animals
are rarely transmitted to cold-blooded species, and
vice versa. Why should this be so?

Resistance to certain diseases and susceptibility to
others is an innate property of a given species and is
governed by complex and interdependent factors. Dif-
ferences in physiology and nutrition as well as anatom-
ical differences are important, as is variation in tissue
surface receptors, as discussed later. The net result is
that different animal species, even very closely related
species, may show completely different susceptibilities
to the same disease agent.

Age, stress, and diet

Age is an important factor in susceptibility to infec-
tious disease. Infectious diseases are more common in
the very young and in the aged. In the infant, for
example, development of an intestinal microflora
occurs quite quickly, but the normal flora of a young
infant is not the same as that of the adult. Before the
development of an adult flora, and especially in the
days immediately following birth, pathogens have a
greater opportunity to become established and pro-
duce disease. Thus, diarrhea caused by enteropatho-
genic strains of Escherichia coli (oo Section 23.13) or
Pseudomonas aeruginosa is frequently encountered in
infants under the age of 1 year. These organisms can be
transmitted from the mother where they may be caus-
ing no iil effects because they have established a stable

residence as part of the mother’s flora. The undevel-
oped state of the infant’s microflora provides poor
competition for pathogenic species. As we discussed
previously, infant botulism is encountered only in very
young infants because establishment of the intestinal
normal flora in older children precludes intestinal
infection with Clostridium botulinum, which causes the
disease (see Section 19.8).

In individuals over the age of 63, infectious diseases
are much more common than in vounger adults. For
example, the elderly are much more susceptible to res-
piratory infechons, particularly influenza {  Section

23.4), probably because of a declining abulity to make an

effective immune response to respiratory pathogens In
addition, anatomical changes asscciated with- age may
also encourage infection. Enlargement of the prostate
gland, a common condition in men over the age of 30,
frequently leads to a decreased urine flow. This, in turn,
allows pathogens to colonize the male urinary tract
(Figure 19.12) more readily, leading to an increase in
these infections in elderly men.

Stress can predlspose a normally healthy mdmd
ual to disease. In studies with rats and mice, fatigue,
exertion, poor diet, dehydration, or drastic climatic
changes, all sources of physiological stress, increase
the incidence and severity of infectious diseases. For
example, rats subjected to intense physical activity for
long periods of time show a higher mortality rate from
experimental Salmonelln infections than well-rested
control animals. The interaction of hormones that are
produced under stress with the immune svstem may
play a role in stress-mediated disease. Hormonal bal-
ances change dramatically when an aramal is placed
under stressful conditions. The hormone cortisore, for
example, is produced at much higher levels in times of
stress than during calm periods, and this hormone is an
effective anti-inflammatory agent. Suppression of n-
flammation removes one of the normal defenses
against disease {see Section 19.13).

Diet plays a role in host resistance. The correlation
between famine and infectious disease has been known
for centuries. Protein shortages may alter the composi-
tion of the normal flora, thus allowing opportunistic
pathogens a better chance to multiply. For example,
cholera is much more prevalent in mainourished indi- .
viduals than in well-nourished ones. On the other
hand, the number of Vibrio cholerae required to cause
infection is drastically reduced when the V. clolerae 1s
ingested in food, presumably because the food neutral-
izes the stomach acids that would normally destroy the
pathogen (co Section 23.14). Overeating may be harm-
ful as well. Studies on clostridial diseases of sheep, in
particular bloats caused by excessive gas accumulation,
indicate that constant overeating affects the composi-
tion of the normal flora, leading to massive growth of
bacterial species normally present in low numbers.

Not eating a particular substance needed by a
pathogen may serve to prevent disease. The best exam-
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ple here is the effect sucrose has on the development of
*ontal caries. As explained in Section 19.3, absence of

crose from the diet (along with good oral hygiene)
virtually eliminates tooth decay. In the absence of
sucrose, the highly cariogenic bacteria Streptococcus
mutans and S. sobrinus are unable. to synthesize the
gummy outer surface polysaccharide needed to keep
the bacterial cells attached to the teeth.

Anatomical defenses

The structural integrity of tissue surfaces poses a barrier
to penetration by microorganisms. In the skin and
mucosal tissues potential pathogens must not only bind
to tissue surfaces but also grow at these sites before
traveling elsewhere in the body. Intact surfaces form an
effective barrier to colonization, but microbial access to
damaged surfaces is more easily obtained. Resistance to
colonization and invasion is due to the production of
host defense substances and to various mechanical
actions that disrupt colonization. A summary of the
major anatomical defenses is shown in Figure 19.23.
The skin is an effective barrier to the penetration
of microorganisms. Sebaceous glands in the skin (Figure
19.2) secrete fatty acids and lactic acid, which lower
skin pH and inhibit colonization of pathogenic bacte-
ria. Microorganisms inhaled through the nose or mouth
are removed by the action of ciliated epithelial cells in
.~ mucous surfaces of the nasopharynx and tracheal
..gtons. Cilia push bacterial cells upward until they
are caught in oral secretions and either are expecto-
rated or are swallowed and killed in the stomach.
Potential pathogens entering the host via the oral route
must first survive the acidity of the stomach {which is
about pH 2) and then successfully compete with the
increasingly abundant resident microflora present in

Removal of
particles by
rapid passage
of air over
cihiain
nasopharynx

Lysczyme in
tears and other
sacrations

Normal flora

Mucus, cilia
hning trachea
Skin
(physical Blood proteins
barner) —-— Lungs
lafty acids.
normal flora
Stomach
Rapid pH (pH 2)
change
Normat flora
Flushing of
unnary
tract

Figure 19.23 Anatornical barriers to infection.
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the small intestine (which is about pH 5) and finally in
the large intestine (pH 6-7). The-latter organ contains
bacterial numbers of about 10'° per gram of intestinal
contents in a normal adult (see Section 19.4).

In a healthyv adult, the kidney and the surface of
the eye are constantly bathed with secretions contain-
ing lysozyme that markedly reduce microbial popula-
tions. Extracellular fluids such as blood plasma also
contain bactericidal substances. For example, blood
proteins called B-lysins bind and destroy microbial
cells. B-Lysins are basic proteins that act bv disrupting
the bacterial cyvtoplasmic membrane, leading to leak-
age of cytoplasmic constituents and cell death.

However effective these defenses may be, damage
to physical barriers and changes in other nonspecific
defenses can quickly lead to growth of the pathogen
and initiation of disease.

Tissue specificity

Most pathogens must first establish themselves at the
site of infection. If the site is not compatible with their
nutritional and environmental needs, the organisms
cannot multiply. Thus, if Clostrnidium tetani were
ingested, it would not bring about tetanus because the
pathogen is killed by the acidity of the stomach. If, on
the other hand, C. tetani cells were introduced into a
deep wound, the organism would grow in the anaero-
bic zones created by localized tissue destruction and
produce tetanus toxin (see Section 19.8). By contrast,
enteric bacteria such as Salmonella and Shigelln do not
cause wound infections but successfully colorze the
intestinal tract. Table 19.6 summarizes a number of
examples of tissue specificity.

The compromised host

The term conpromised host refers to hosts in which one or
more resistance mechanisms are malfunctioning and 1n
which the probability of infection is therefore increased.

Hospital patients are often compromised hosts.
Many hospital procedures such as catheterization, hvpo-
dermic injection, spinal puncture, and biopsy can also
introduce pathogens into the patient. Surgical proce-
dures expose highly susceptible parts of the body to
sources of contamination. The stress of surgery also
diminishes the resistance of the patient to infection.
Finally, in organ transplant procedures (2= Section 207),
drugs are used that suppress the immune system to pre-
vent rejection of the transplant. Immunosuppressive
drugs greatly increase susceptibilitv to infection. Thus,
many hospital patients with noninfectious primary ail-
ments (for example, cancer and heart disease) die of
muicrobial infection because they are compromised hosts
(oo Section 22.7).

Compromised hosts exist even outside the hospi-
tal. Smoking, excess consumption of alcohol, intra-
venous drug usage, lack of sleep, poor nutrition, and
infection itself are condition that compromise a host.
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Tissue specificity as a factor in infectious disease

Disease

Tissue infected Organism
Diphtheria Throat epithelium Corynebactertum diphtherae
Gonorrhea Urogenital epithelium Neisserta gonorrhoear
Cholera Small intestine epithelium Vibrio chelerae
Pyelonephritis Kidney medulla Proteus sp.

Dental caries

Spontaneous abortion (cattle) Placenta

Acquired immunodeficiency
syndrome (AIDS)

Malaria

Oral epithelium

T helper lymphocytes

Blood (erythrocytes)

Streptococcus mickans, 5 sobroius,
S.sanguwis, § mtis

Brucella abortus

Human mmunedeficiency virus (HIV) -

Plasmodium sp

For instance, the virus causing acquired immunodefi-
ciency syndrome (AIDS) destroys one tvpe of cell
involved in the immune response (T helper cells).
Therefore, AIDS patients are unable to mount effective
resistance to infection; death is generally due to some
infectious agent (oo Sections 22.4 and 23.7).

Finally, there are certain genetic conditions that
may compromise the host, such as genetic diseases
that eliminate important parts of the immune system.
Individuals with such conditions frequently die at an
early age, not from the genetic condition itself but
from microbial infection.

CONCEPT CHECK 19.12

Nonspecific physical, anatomical, and chemical
barriers prevent colonization of the host by most
pathogens. Breakdown in these defenses results in a
compromised host who is more susceptible to infec-
tion.

v How can diet influence host resistance to a
pathogen?

v How might smoking compromise an otherwise
healthy host?

19.13
Inflammation and Fever

Inflammation is a general nonspecific reaction to foreign
particles and other noxious stimuli such as toxins and
pathogens. The characteristic inflammatory response
results in redness, swelling, pain, and heat, all localized
at the site where the host contacted the noxious stimuli
(oo Section 23.3 and Figure 20.32). The mediators of
inflammation include a group of proteins called cytokines
(oo Section 20.8), which are produced by white blood
cells or lenkocytes (oo Section 20.3). Leukocytes are also
involved in pathogen-specific responses to noxious stim-
uli in the immune respense, which we will discuss in

Chapter 20. The most important outcome of the nflam-
matory response is the immediate localization of the nox-
ious agent, often by the production of a ibrin clot at the
site of inflammation -
Inflammation 15 one of the most important and
ubiquitous aspects of host defense against invading
microorganusms. However, inflammation 1s also an
important aspect of microbial pathogenesis because the
inflammatory response elicited by an invading microor-
ganism can result in considerable host damage

Fever

The healthy human bodv maintains a surprisingly
constant temperature. Over an average 24-hr period,
bodv temperature varies over the narrow range of
1-1.5°C. However, individuals vary in thetr “normal”
temperatures, and although 37°C is considered the
standard normal temperature, the actual normal tem-
perature in some individuals may be as low as 36°C or
as high as 38°C. Also, body temperature varies with
the amount of physical activity and can be as much as
2°C below normal in sleep and as much as 4°C above
normal durmg strenuous exercise.

Fever is defined as an abnormal increase in body
temperature. Although fever can be caused by nonin-
fectious disease, most fevers are caused by infection.
At least one reason why fever occurs during many
infections is that certain products of pathogenic organ-
isms are pyrogenic (fever-inducing). The most well-
studied pyrogenic agents are the endotoxins of gram-
negative Bacteria (see Section 19.10). However, many
organisms that do not produce endotoxins are able to
cause fever on infection. In these organisms, proteins
known as endogenous pyrogens are reléased when
leukocytes destroy them ( =z Section 20.3). Slight tem-

" perature increases benefit the host by accelerating

phagocytic and antibody responses, while strong
fevers of 40°C (104°F) or greater mav benefit the
pathogen if host tissues are further damaged

Three kinds of characteristic fever patterns have
been recognized in infectious disease. (1) Continous
fever is that condition in which the bodv temperature
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remains elevated over a whole 24-hr period and the
' total range of variation in temperature is less than 1°C.
Continuous fever is seen in fyphoid fever (oo Section
23.13) and typhus fever (oo Section 23.9). (2) A renuttent
fever is one in which the body temperature is abnormal
over the whole of a 24-hr period and the daily range
shows swings greater than 1°C. This occurs in some
pyogenic infections (co Section 23.2) and in tuberculosis
{co Section 23.3). (3) An intermitient fever is one in
which the temperature is normal for part of the day
and then rises above normal. Most infectious diseases
elicit some intermittent fever, and the condition is a
diagnostic characteristic of malaria (co Section 23.11),
a protozoan infection. Relapsing fever, caused by vari-
ous Borrelia species (oo Sections 23.9 and 16.12) is an
intermittent fever in which the temperature remains

Application Questions 811

normal for a long period of time, followed bv a new
attack of fever. This is characteristic of an incomple
recovery from an infectious disease, the fever arising
when the infection periodically reestablishes itself.

CONCEPT CHECK 19.13

Inflarnmation and fever are nonspecific responses
to noxious stimuli such as pathogens. These host
responses can result in accelerated isolation and
destruction of the pathogen.

v’ Describe the chief symptoms of mflammation.
v Describe the three types of fever

Material for Review

REVIEW QUESTIONS

1. Distinguish between a parasite and a pathogen.
Distinguish between infection and disease.

2. Which parts of the human body are normally heavily
colonized with microorganisms? Which body parts are
normally devoid of microorganisms?

3. Distinguish between the resident and transient microor-
ganisms at a body site. How could you distinguish
between resident and transient microorganisms experi-
mentally?

" 4. Why are members of the genus Streptococcus instrumen-
tal in forming dental caries?

5. What region of the gastrointestinal tract has the highest
concentrations of bacteria? What region has the lowest
concentrations? Why?'

6. Describe the relationship between Lactobacillus aci-
dophilus and glycogen in the vaginal tract.

7. Give two examples of adherence factors important for
pathogen attachment. At least one example should not
be a protein. '

8. What do hyaluronidase, collagenase, streptokinase, and

APPLICATION QUESTIONS

1. Describe experiments to demonstrate the effects of
mucus in protection against bacterial colonization.

2. What steps are involved in the formation of dental
plaque? Describe and discuss experiments that demon-
strate the buildup of plaque on toothlike surfaces and
discuss experiments designed to illustrate biological
methods for removal of plaque.

coagulase have in common? What is the mode of action
of each in promoting disease?

9. Define and contrast exotoxin, enterotoxin, and end
toxin. Give two examples of each and the name of an
organism producing each.

10. For each of the exotoxins listed below, describe (1) the
producing organism, (ii) the mode of action in the host,
{ui) 1ts role in pathogenicity, and (iv) how 1ts effects can
be counteracted. (a) Diphtheria toxin, (b) tetanus toxin,
{c) botulinum toxin, (d) cholera toxin.

11. Give an example of a microorganism that is pathogenic
almost solely because of its toxin-producing abihty
Give an example of a microorganism that is pathogenic
almost solely because of its invasive characteristics.

12. How do temperature and pH work to lirmut bacterial
infections? What organisms mught be susceptible to
either of these agents?

13. Distinguish between a continuous fever and an inter-
mittent fever. Which type most commonly occurs in
infectious diseases?

3. Obligately anaerobic bacteria are very common in the
large intestine, yet they are able to grow there only if fac-
ultatively aerobic bacteria are alsc present Explain
How could you test the validity of your answer in the
laboratory?

4. Certain antibiotics, even antibictics whose mode .
action is bacteriostatic instead of bactericidal, sterilize
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the intestinal tract. How could a bacteriostatic antibiotic
bring about this result?

5. Design an experiment to demonstrate the likely route of
infection of a urinary tract pathogen in a catheterized
patient.

6. Describe how enteropathogenic strains of Escherichia
colf differ from normal strains of E. coli. Include a dis-
cussion of structural and ecological variables.
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MINIGLOSSARY for Chapter 21

Agglutination reaction between antibody and parti-
cle-bound antigen, resulting in visible clumpmg of the
particles

Bacteremia the presence of bacteria in the blood

Complement Fixation the consumption of comple-
ment by an antibody-antigen reaction

ELISA enzyme-linked immunosorbent assay

Fluorescent Antibody covalent modification of an
antibody molecule with a fluorescent dye; the dye
makes the antibody visible under fluorescent light

Gonococcus Neisseria gonorrhiceae, the gram-negative
diplococcus that causes gonorrhea

in medicine is to isolate and identify the agents

that cause infectious disease. This major area of
microbiology is called clinical or diagnostic microbiol-
ogy. There is increasing awareness of the importance of
precise identification of the pathogen for proper treat-
ment of infectious disease, and new sophisticated meth-
ods are being continually developed. Clinical laborato-
ries are generally able to isolate, identify, and determine
the antibiotic sensitivity of most routinely encountered
pathogenic bacteria within 48 hr of sampling. However,
recent” advances in rapid diagnostic methods have
made it possible to identify some pathogens in minutes
and antibiotic susceptibility patterns in hours. Diagnos-
tic methods based on immunological and molecular
biology methods make it possible to identify many
pathogens without culturing the organism at all. This is
particularly important for the diagnosis of viral and
protozoal infections, diseases that are tvpically difficult
to identfy because of the difficulty of culturing the
agent. The clinical microbiologist works with and
advises the physician in matters relating to the diagno-
sis and treatment of infectious diseases.

- . NIRRT
T he most important activity of the microbiologist

21.1

Isolation of Pathogens
from Clinical Specimens

The physician, following clinical examination of the
patient, may suspect that an infectious disease is pres-
ent. Samples of infected tissues or fluids are then col-
lected for microbiological, immunological, and molec-
ular biological analyses (Figure 21.1). Depending on
the kind of infection, materials collected may include
blood, urine, feces, sputum, cerebrospinal fluid, or
pus. A sterile swab may be passed across a suspected
infected area (Figure 21.2). The swab is then streaked

Immunoblot (Western Blot) electrophoresis of pro-
teins followed by transfer to a membrane and detec-
tion by addition of specific antibodies

Nucleic Acid Probe in clinical microbiology, a short
oligonucleotide of unique sequence used as a
hybridization probe for identifying pathogens

(see Chapter 6 for general usage)

Precipitation reaction between antibody and a soluble

.antigen resulting in a visbible, insoluble complex

RIA radioimmunoassay
Septicemia blood infection

Titer in an 1mmunolog1ca1 context, the quant:tv of
antibody present in a solution

over the surface of an agar plate or placed dlrectlx Ima
liquid culture medium. In some cases, small pieces of
living tissue mav be aseptacallv removed (biopsy} for
culture. Table 21.1 summarizes current recommenda-
tions for culture of organisms isolated from typical
clinical specimens.

If clinically relevant organisms are to be isolated
and a correct diagnosis made, care must be taken in
obtaining samples of clinical specimens. The phs 1
must ensure that the specimen is removed fro 2
actual site of the infection. Recoverv or detection of
pathogens may not be possible if msufficient moculum
is available. The sample must also be taken under asep-
tic conditions so that contamination is avoided. Care
must also be taken to ensure that metabolic requre-
ments for certain organisms, such as anoxic conditions,
are maintained. Once taken, the sample 1s analyvzed as
soon as possible. If it cannot be analvzed immediately,
it is usually refrigerated to slow down deterioration In
the rest of this section, we describe some of the most
common microbiological procedures used to obtain
and culture microorganisms in the clinical laboratory.

Blood cultures

Bacteremia means the presence of bactenia in the
blood { ~ Section 19.7}. Bacteria are normallv cleared
from the bloodstream rapidly. Therefore, bacteremia is
uncommon in healthy individuals, and the presence of
bacteria in the blood is generaily indicative of systemic-
infection. The most common pathogens found in
blood include Pseudomonas aerugingsa, enteric bactera,
especially Escherichia coli and Klebsiella preuwoniae,
and the gram-positive cocci Staphylococcus aurets and
Streptocaccus pyogernes. The classic type ot blood i~*e¢-
tion is septicemia, resulting from a virulent org 1
entering the blood from a focus of infection, mulupty-
ing, and traveling to various body tissues to iutiate
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infectious pathogens.

and diagnosis therefore depends on careful and
proper blood culture.

The standard blood culture procedure is to remove
10 ml of blood asepticallv from a vein and inject 1t into
a blood culture bottle containing an anticoagulant and

new infections. Septicemia is indicated by the presence
of severe systemic symptoms, usually with fever and
chills, followed by prostration. In many disease situa-
tions, culture of the blood provides the only immedi-
ate way of isolating and identifving the causal agent,

(b} (c/

Figure 21.2 Methods for obtaining specimens from the upper respiratory tract. (a) Throat
swab. (b) Nasopharyngeal swab passed through the nose. (c) Swabbing the inside of the nose.

|6t



868 Chapter 21 Clinical and Diagnostic Microbiology and Immunology

IEUIR VAR Recommended enrichment media for primary isolation purposes in a clinical microbiology laboratory’ §

Media® _

. - Blood Enteric ' Anaerobic .-'.
Specimen - agar_ agar CA ™ agar ‘i
Fluids: chest, abdomen, pericardium + + + - +
Feces: rectal swabs + + + _ _
Surgical tissue biopsies: lung, lymph nodes + + - - +
Throat: swabs, sputum, tonsil, nasopharynx + + + - _ 3
Genitourinary swabs: urethra, vagina, cervix + + + + -
Urine + + - —- _ . 3
Blood + - - - .
Swabs: wounds, abscesses, exudates + + + - T

“Data from Murray, P. R., E. J. Baron, M. A. Pfaller, E. C. Tenover, and R. H. Yolken. 1995. Manual of Clintcal Microbiology, 6th edinon. Amencan 1

Sodiety for Microbiclogy, Washington, DC

¥Blood agar, 5% whole sheep blood added to trypticase soy agar; enteric agar, either eosin-methylene blue (EMB) agar or MacConkey agar: CA,
chocolate (heated blood) agar; TM, Thayer-Martin agar; anaercbic agar, thioglycolatecontaining blood agar or suppiemented thioglycolate agar ¥

incubated anaerobically.

an all-purpose culture medium. Two cultures are set up
with one bottle being incubated aerobically and one
anaerobically. Media used are all relatively rich, con-
taining protein digests and other complex ingredients.
Blood culture bottles are incubated at 35°C and exam-
ined daily for up to 7 days. Most clinically significant
bacteria are recovered within this period. Some biood
isolation systems employ a chemical that lyses red and
white blood cells, releasing potential intracellular patho-
gens that might otherwise be overlooked. Micro-
organisms in blood cultures are commonly detected by
visual inspection (turbidity), microscopic examination,
and subculture. Automated blood culture systems detect
growth by continuously monitoring carbon dioxide pro-
duction and turbidity.

Because a certain amount of skin contamination is
unavoidable during initial drawing of the blood, a con-
tamination rate of 2-3% can be expected. Contamination
may be indicated if certain organisms commonly found
on the skin are isolated, such as Staphylococcus epider-
midis, coryneform bacteria, or propionibacteria,
although even these organisms can occasionally cause
infection of the wall of the heart (subacute bacterial endo-
carditis). Thus, considerable microbiological and clinical
experience is necessary when interpreting blpod cultures.

Urine cultures

Urinary tract infections are very common, and because
the causal agents are often identical or similar to bac-
teria of the normal flora (for example, Escherichia coli),
considerable care must be taken in the bacteriological
analysis of urine. Since urine supports extensive bacte-
rial growth under many conditions, fairly high cell
numbers are often found in urinary infection. In most
cases, the infection occurs as a result of an organism
ascending the urethra from the outside. Occasionally,

3
{]
|

even the bladder may become infected. Urinary tract
infections are the most common form of nesoconmial .
(hospital-acquired) infection (<2 Section 22.7). |
Significant urinary infection generally results in
bacterial counts of 10° or more organisms per milliliter
of a clean-voided midstream specimen, whereas in the
absence of infection, contamination of the urine from
the external genitalia (almost unavoidable to some
extent) results in less than 10® organisms per milliliter.
The most common urinary tract pathogens are mem-
bers of the enteric bacteria, with E. coli accounting for
about 90% of the cases. Other urinary tract pathogens
include Klebsiella, Enterobacter, Proteus, Pseudomongs,

‘Staphylococcus saprophyticus, and Enterococcus faccalis,

Neisseria gonorrhoeae, the causal agent of gonorrhea,
does not grow in the urine itself, but in the urethral
epithelium, and must be diagnosed by different meth-
ods (see later).

Direct microscopic examination of urine may be
used to indicate bacturia, the presence of abnormal |
numbers of bacteria in the urine. However, because
nearly all urine contains some level of bacteral ]
growth, significant bacturia is most commonly moni-
tored by using a variety of commercially available dip-
stick tests. For example, one dipstick test monitors the
reduction of nitrate by detecting the reduction prod-
uct, nitrite. A positive test is indicated by a color
change on the dipstick (Figure 21.3). Since nitrite pro-
duction occurs only when significant numbers (>10°
per milliliter) of enteric organisms are present, the
method is a virtually instantaneous check for urinary
tract infections. Other dipstick tests for urinary tract
infections, often used in conjunction with nitrate
reduction, detect esterase (produced by leukocytes)
(oo Section 20.3) and peroxidase (produced by a vari-‘
ety of bacteria) (<o Sections 5.11 and 13.24). A positive
dipstick test is then followed by a urine culture.
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John Martinko and Cheryl Broadie

Figure 21.3 Urinalysis dipstick test. A control strip is shown
underneath the test strip. From left to right, the strip mea-
sures abnormal levels of glucose, bilirubin, ketones, specific
gravity, blood, pH, protein, urobilinogen, nitrite, and leuko-
cytes (esterase) in a urine sample. Abnormal readings for
esterase (trace positive, far right) and nitrite (strong positive,
second from right) indicate bacturia. Subsequent culture of
this sample indicated the presence of Escherichia coli.

To culture potential urinary tract pathogens, two
‘media are used: blood agar as a nonselective general
medium, and a medium selective for enteric bacteria,
such as MacConkey or eosin-methylene blue agar (EMB)
(see Section 21.2 and Figure 21.4). These specialized
gaedia permit the initial differentiation of lactose fer-
'::ers from nonfermenters, and the growth of gram-
pos1t1ve organisms such as Staphylococcus spp. (common
r skin contarninants) is inhibited. Organisms isolated can
‘ be identified, and antibiotic susceptibility tests per-
formed Experienced clinical microbiologists may make a
htentat]ve identification of an isolate by observing the
color and morphology of colonies of the suspected
pathogen grown on various selective media as described
in Table 21.2. Such an identification must be followed up
with more detailed analyses, but clinical microbiologists
use this information in conjunction with more detailed
test results, discussed throughout the remainder of this
chapter, to make a positive identification.

Finally, if no bacterial growth is obtained in spite
of persistent urinary tract infection symptoms, a clini-
dan may request direct cultures for a number of fas-
tidious organisms, especially Neisseria " gonorrhoeae,
Chlamydia trachomatis, Branhamella spp., mycoplasma,
or several anaerobic organisms (<o Section 23.6).

Fecal cultures

Proper collection and preservation of feces is important
in the isolation of intestinal pathogens. During storage,
the pH of feces drops, and thus an extended delay
between sampling and sample processing must be

ided. This is especially critical for the isolation of
'gella and Salmonella species, both of which are rather
sensitive to acid pH. Samples, collected from feces

John Maruinko arkt Charyl Broadie

Figure 21.4 An eosin-methylene blue (EMB) agar plate
showing a lactose fermenter, Escherichin coli (left), and a non-
lactose fermenter, Pseudomonas aerugmosa (rnght). Note the
green metallic sheen of the E. col: colonies.

freshly voided into a sterile plastic cup, are placed in a
vial containing phosphate buffer for transport to the
lab. If a patient has a bloody or pus-containing stool,
this material is always sampled; such discharges gen-
erally contain a large number of the organisms of inter-
est. In the case of suspected foodbome or waterborne
infections, fecal samples should be inoculated into a
variety of selective media (see Section 21.2) for the iso-
lation of specific bacteria or characterization of intesti-
nal parasites. Positive identifications are made by, the
techniques described in later sections.

Wounds and abscesses

Infections associated with traumatic injuries such as
animal or human bites, burns, cuts, or the penetration of
foreign objects, must be carefully sampled in order to
recover the relevant pathogen. This is because wound
infections and abscesses are frequently contaminated

‘with members of the normal flora. Swab samples of

such lesions are frequently misleading. The best sam-
pling method is to aspirate purulent (pus-containing)
lesions with a sterile syringe and needle following dis-
infection of the skin surface with 70% ethvl or isopropyl
alcohol. Internal purulent discharges are usually sam-
pled by biopsy or from tissues removed in surgery.

A variety of pathogens can be associated with
wound infections, and because some of these are anaer-

. obes, samples should be transported from the collection

site under anaerobic conditions. A common pathogen
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Colony characteristics of frequently isolated gram-negative rods cultured on various clinically useiul

B L P | T TR S Yo I . T, THE g ara

media®
Agar media®
Organism EMB MC 3 BS
Escherichia coli Dark center with Red or pink Red to pink Mostly inhibited
greenish metallic ' i
sheen !
(see Figure 21.4) I
Enterobacter Similar to E. coli, Red or pink Whute or beige Mucod colonies |
- but colonies are with silver sheen |
larger :
Klebsiella - . Large, mucoid, Pink Red to pink Mostly inhibited
brownish i
Proteus Translucent, Transparent, Black center, Green i
colorless colorless clear peniphery '
" Pseudomonas Translucent, Transparent, Mostly inhibited No growth ;
colorless to'gold colorless |
{see Figure 21.4) :
Salmonella Translucent, Translucent, Cpaque Black to dark green ,
colorless to gold colorless !
- Shigella - Translucent, Transparent, Opaque Brown or inhibited
colorless to gold colorless

“Adapted from Murray, P R., E. ]. Baron, M. A. Pfaller, F, C. Tenover, and R. H. Yolken 1995. Manual of Chinical Microbiology, 6th edition American

Society for Microbiology, Washington, DC

RS, Bismuth sulfite agar; EMB, eosin-methylene blue agar; MC, MacConkey agar; S5, Saimonella-Shigella agar.

associated with purulent discharges is Staphylococcus
aureus, but enteric bacteria, Pseudomonas aeruginosa,
and the anaerobes Bacteroides and Clostridium species
are also commonly encountered. The major isolation
media are blood agar, several selective media for
enteric bacteria (Tables 21.1 and 21.2), and blood agar
containing additional supplements and reducing
agents for obligate anaerobes. Smears from such
specimens should also be examined directly by
microscopy.

Genital specimens and the laboratory
diagnosis of gonorrhea

In males, a purulent urethral discharge is the classic
symptom of the sexually transmitted disease gonor-
rhea (oo Séction 23.6). If no d1scharge is present, a suit-
able sample can be obtained using a sterile narrow-
diameter cotton swab that is inserted into the anterior
urethra, left in place a few seconds to absorb any exu-
date, and then removed for culture of Neisseria gonor-
rhoeae, the causatwe agent of gonorrhea. Alternatively, a
sample of the first early morning urine of an infected
individual usually contains viable cells of N. gonor-
rhoeae. In females suspected of having gonorrhea or
other genital infections, samples are usually obtained
by swab from the cervix and the urethra.

Gonorrhea is one of the most common infectious
diseases in adults, and clinical microbiological proce-
dures are central to its diagnosis. N. gonorrioeae (referred

r

to clinically as the gonococcus) colonizes mucosal sur- |
faces of the urethra, uterine cervix, anal canal, throat,{
and conjunctiva. The organism is quite sensitive to dry- ;
ing and therefore is transmitted almost exclusively by .
direct person-to-person contact, usually by sexual inter-
course. The major goal of public health measures to con-
trol gonorrhea involves identification of asvmptomatic .
carriers, and this requires microbiological analysis. |
Because the gonococcus is a gram-negative coccus,
usually observed ds diplococci, and similar organisms
are not very common in the normal flora of the uro-
genital tract, direct microscopy of Gram-stained mate-
rial is of value. For example, observation of gram-neg-
ative diplococei in a urethral discharge or in a vaginal
or cervical smear is presumptive evidence for gonor-
rhea. In acute gonorrhea, microscopy usually reveals
phagocytized gram-negative diplococci.in the poly-
morphonuclear leukocytes (o= Section 20.3), with vir-
tually no other organisms present (Figure 21.5q). |
Cultural procedures have a higher degree of sensi-
tivity, than microscopic analyses. Most media for the
culture of N. gonorrhoege contain heated blood Oh
hemoglobin (referred to as chocolate agar because of its
deep brown appearance), the heating causing the for-
mation of a precipitated material, which is quite effec-
tive in absorbing toxic products present in the agar
and other media constituents. A second primary isola- |
tion medium, called Thayer-Martin agar, also is used for '
isolation of N. gonorrhoeae (Figure 21.5b). This medium
incorperates the antibiotics vancomycin, nystatin, and

|
|
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Figure 21.5 (a) Photomicrograph of Neisseria gonorrhoese within human polymorphonu-

dear leukocytes from a cervical smear. Note how many cells are in pairs as diplococci

{arrows). (b} Colonies of N. gonorrhoeae growing on Thayer-Martin agar. The plate has been
stained in the middle with a reagent that turns colonies blue if cells contain cytochrome ¢

. {the oxtdase test).

colistin, to which most clinical isolates of N. gonorriweae
are naturally resistant.

After streaking, the plates must be incubated in a
humid envirornment in an atmosphere containing 3-7%
€0, (CO, is required for growth of gonococci). The
plates are examined after 24 and 48 hr, and portions of
colonies should be immediately tested by the oxidase
test because all Neisseria are oxidase-positive (see Section
21.2). Oxidase-positive gram-negative diplococci grow-
ing on. chocolate agar can be presumed to be gonococci
It culum was derived from genitourinary sources,
bup* “fnitive identification requires determination of
arbohydrate utilization patterns or immunological or
nucleic acid probe tests {see Sections 21.4-21.10)..

A rapid test employing chromogenic substrates
has been developed for differentiating N. gonorrhocae
from other species of Neisseria. With the use of colonies
on plates, various species can be differentiated by the
substrate color reaction obtained following incubation
of the test medium with bacterial cells. The test is
designed to detect the presence of specific enzymes
present in one species of Neisseria but absent in the
others. The enzymes act on substrates that yield col-
ored products. A simple, sensitive, highly specific
nucleic acid probe test (see Section 21.10) has also been
developed for identifying N. gonorrhoeae.

Culture of anaerobes

Obligately anaerobic bacteria are common causes of
nfection and are completely missed in clinical diagnosis
unless special precautions are taken for their isolation
and culture. We have discussed anaerobes in general in
Sction 5.11, and we noted that many anaerobes are
exremely susceptible to oxygen. Because of this, speci-
men collection, handling, and processing require special
ez, ifan obligate anaerobe may be involved. There
-.7al habitats in the body (for example, the oral
cawf%‘\ %nd the intestinal tract) (oo Sections 19.3 and

19.4) that are generally anoxic and in which obligately

-anaerobic bacteria can be found as part of the normal

flora. However, other parts of the body can become
anoxic as a result of tissue injury or trauma, which
results in reduction of blood supply to the injured site.
These anaerobic sites are then available for colonization
by obligate anaerobes. In general, pathogenic anaerobic
bacteria are part of the normal flora and are only oppor-
tunistic pathogens, although two important pathogenic
anaerobes, Clostridium tetani (causal agent of tetanus)
and C. perfringens (causal agent of gas gangrene and one
type of food poisoning), both endospore-forming Bac-
teria, are predominantly soil organisms. .

With anaerobic culture, the microbiclogist is pre-
sented not only with the usual problems of obtaining
and maintaining an uncontaminated specimen but
also with ensuring that the specimen not come in con-
tact with air. Samples, collected by suction or biopsy,
must be immediately placed in a tube containing oxy-
gen-free gas, preferably containing a small amount of
a dilute salts solution with a reducing agent such as
thioglycolate and the redox indicator resazurin. This
dye is colorless when reduced and becomes pink when
oxidized, thus quickly indicating any oxygen contam-
ination of the specimen. If a proper anaerobic trans-
port tube is not available, the syringe itself can be used
to transport the specimen, the needle being inserted
into a sterile rubber stopper so that no air is drawn
into the syringe.

For anaerobic incubation, agar plates are placed in |
a sealed jar, which is made anoxic by either replacing
the atmosphere in the jar with an oxygen-free gas mix-
ture (a mixture of N, and CO, is frequently emploved}
or by adding some compound to the enclosed vessel
that removes O, from the atmosphere. For example, as
shown in Figure 21.6, H, is generated and, in the pres-
ence of a suitable catalyst, usually palladium, the H, is
combined with free O, to form H,O, thus removing the
contaminating oxygen. Alternative means for providing

IH
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Chemical catalyst -

Anaerobic jar

Hydrogen generator

Culture medium
cn plates

T D Brock

Figure 21.6 Sealed jar for incubating cultures under anoxic
conditions.

anaerobic conditions include the use of culture media
containing reducing agents and the use of anaerobic
glove boxes. The latter are large gas-impermeable bags
filled with an oxygen-free gas such as nitrogen or hydro-
v that are fitted with an airlock for inserting and
. anoving cultures (co Figure 5.22). The advantage of an
anaerobic glove box is that manipulations can be done as
one would normally perform them on a laboratory
bench. However, because of their expense, anaerobic
glove boxes are not employed extensively in clinical lab-
oratories but are in widespread use in research laborato-
ries that specialize in anaerobic microorganisms.
In general, media for anaerobes do not differ
greatly from those used for aerobes, except that they

are generally richer in organic constituents, and con- °

CONCEPT CHECK 21.1

Culture of the suspected pathogen is the most reli- ,
able way to identify an organism that causes a dis-
ease. For successful microbial culture, the growth
needs of the organisms must be met. This requires
knowledge of bacterial physiology and nutrition. A
variety of rapid tests that do not requure microbial
culture are also being developed and used to iden-
tify pathogens.

v Why are urine cultures almost always positive for
bacterial growth?

V' Describe the specialized methods and precautions
necessary for successful isolation of anaerobic
pathagens.

‘although the mechanism is unclear, small amounts ¢ g

tain reducing agents (usually cysteine or thioglycolate) ’
and a redox indicator such as resazurin. Once positive
cultures have been obtained, they must be character-
ized and identified, to be certain that the isolate is not
a member of the normal flora. :

21.2

Growth-Dependent
ldentification Methods

If the inoculation of a primary medium results in bac- -
terial growth, the clinical microbiologist must identify
the organism or organisms present. ldentification of a ;
clinical isolate can frequently be made using a variety #
of growth-dependent assays. We discuss some of these §
methods here. :

Growth on selective and differential media

3
On the basis of growth characteristics in primary iso--

lation media, a clinical microbiologist subcultures an 3
unknown pathogen on perhaps several of the dozens 3
of available, diagnostically useful culture media. In-;
many large hospitals and clinics, media are purchased
from commercial sources, which ensures quality con- 3
trol and reliable testing in different clinical setting
(Figure 21.7). Many of these media are available in %
miniaturized kits containing a number of different §
media in separate wells, all of which can be inoculated §
at one time (Figure 21.7d and ¢). L

The battery of media employed are selective, dif-§
ferential, or both. A selective medium is one to which§
compounds have been added to selectively inhibit the§
growth of certain microorganisms but not others. A dif-4
ferential medium is one to which some sort of indicator,}§
usually a dye, has been added, which allows the cli
cian to differentiate between various chemical reac
tions carried out during growth. Eosin-methylenes
blue (EMB} agar, for example, 1s a w1dely used selec- 2
tive and differential medium. EMB agar is used for thed
isolation of gram-negative enteric Bacteria. The meth;3
ylene blue is present to inhibit gram-positive Bacteria $

this dye effectively inhibit-the growth of most gramg
positive Bacteria. Eosin is a dye that responds toy
changes in pH, going from colorless to black under§
acidic conditions. EMB agar medium contains lactose
and  sucrose, but not glucose, as energy sourcesg
Lactose-fermenting (generally enteric) bacteria, suchg
as Escherichia coli, Klebsielln, and Enterobacter, acidify
the medium and the colonies appear black with g
greenish sheen. Colonies of lactose nonfermente
such as Salmonella, Shigella, and Pseudomonas,
transtucent or pink (Figure 21.4). "

In the battery of tests performed to help 1dent1fy It
organism, many different biochemical reactions can b

Xt
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measured. The most important tests are summarized in
Table 21.3. These tests measure the presence or absence
of enzymes involved in catabolism of the substrate
or substrates added to the differential medium. Fer-

Lean J LeBeau

:‘v,‘ )4_\
SIS, o

luon } LeBeau

Figure 21,7 Growth-dependent diagnostic methods used
for the identification of clinical isolates by color changes in
various diagnostic media. (a} Use of a differential medium to
assess sugar fermentation. Aad production is indicated by
color change of the pH-indicating dye added to the liquid
medium. If gas production occurs, a bubble appears in the
inverted vial in each tube. From left to right. acid, acid and
gas, negative, uninoculated. (b) A conventional diagnostic
test for enteric bacteria in a medium called triple sugar iron
(TS1) agar. The medium is inoculated both on the surface of
the slant and by stabbing into the butt. The medium contains
2 small amount of glucose and a large amount of lactose and
sucrose. Orgarusms able to ferment only the glucose cause
acid formation only in the butt, whereas lactose or sucrose-
fermenting organisms also cause acid formation in the top.
Gas formation is indicated by the breaking up of the agar in
the butt. Hydrogen sulfide formation (either from protein
degradation or from reduction of thiosulfate in the medium)
is indicated by a blackening due to reaction of the H.5 with
ferrous iron in the medium. From left to right: fermentation
of glucose only; no reaction; hydrogen sulfide formation;
fermentation of glucose and another sugar. (¢) Measurement
of citrate utilization by Salmonella on Simmons citrate agar.
The change in pH causes a change in the color of the indi-
cating dye. From left to right: positive, negative, uninocu-
lated. (d} Media kits used for the rapid identification of chin-
ical isolates. The principle is the same as in {a), but the whole
arrangement has been miniaturized so that a number of tests
can be run at the same time. Four separate strips, each with
a separate culture, are shown. (e) Another arrangement of a
miniaturized test kit. This one defines sugar utihzation in
nonfermentative organisms.

mentation of sugars is measured by incorporating
pH indicator dyes that change color on acidification
(Figure 21.7a)..Production of hydrogen gas and/or car-
bon dioxide during sugar fermentation is assayed bv
observing gas production either in gas collection vials
or in agar (Figure 21.7z and b). Hydrogen sulfide pro-
duction is indicated following growth in a medium
containing ferric iron. If sulfide is produced, ferric iron
complexes with H,S to form a black precipitate of iron

17
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f

Important clinical diagnostic tests for bacteria

Test Principle Procedure Most common use ‘g
Carbohydrate Acid and/or gas produced Broth medium with Enteric bacteria C
fermentation during fermentative carbohydrate and phenol differentiation {also several -
growth with sugars or sugar ~ red as pH indicator; "other genera or species |
alcohols inverted tube for gas separations with some 3
individual sugars) :
(Figure 21.7) .
Catalase Enzyme decompases Add drop of H,O, to dense Bacillus (+) from
hydrogen peroxide, H,O, culture and look for Clostridium (-);
bubbles (O,) (Figure 5.25) Streptococcus (~) from
. Micrococcus—Staphylococcus (+
Citrate utilization Utilization of citrate as sole Citrate medium with Klebsiella—Enterobacter (+)
carbon source, results in bromthymol blue‘as pH from Escherichua (=),
alkaliruzation of medium indicator Look for intense Edwardsiella (—) from
/ blue color (alkaline pH) Salmonella (+)
(Figure 21.7}
Coagulase Enzyme causes clotting of Mix dense liquid Staphylococcus aureus (-r) .
blood plasma suspension of bactenia with from 5. epidermidis (— §
plasma, incubate, and look ¥
—_— for fibrin clot o
Decarboxylases Decarboxylation of amino Medium enriched with Aud in determining :4
(lysine, omithine, acid releases CO, and amuno acids. Bromcresol bacterial group among the -i‘
arginine} amine purple pH indicator enteric bactena 4
becomes purple 3
(alkaline pH) if there
is enzyme action
B-Galactosidase Orthonitrophenyl-B- Incubate heavy suspension Citrobacter and Arizena (+) j
(ONPG) test galactoside (ONPG) is an of lysed culture with from Salmonelia (-). 3
artificial substrate for the ONPG. Look for yellow Identifying some Shigelia 3
enzyme. When hydrolyzed, color and Pseudomonas species
nitrophenol (yellow) is 31
formed ‘ o
Gelatin liquefaction Many proteases hydrolyze Incubate in broth with To aid in identification of 1
gelatin and destroy the gel 12% gelatin. Cool to check Serratia, Pseudomonas, g
for gel formahon. If gelatin is Flavobacterum, Clostridium
hydrolyzed, tube remains 3
liquid on cooling i
Hydrogen sulfide H,S produced by H,S detected in iron-rich In enteric bacteria, to aid .
(H.S) production breakdown of sulfur medium from formation of ‘in identifywng Salmonella, |
amino acids or reduction black ferrous sulfide (many Arizona, Edwardsiella, and -
of thiosulfate variants: Kliger’s iron agar and Proteus (Figure 21.7)
triple sugar iron agar, also '
detect carbohydrate :
fermentation) 3
Indole test Tryptophan from proteins Detect indole in culture . To distinguish Escherichia :
converted to indole mecium with dimethyl- (+) from Klebsiella {-) and
aminobenzaldehyde . Enterobacter (-

Methyl red tést

Nitrate reduction

Mixed-acid fermenters
produce sufficient acid to
lower pH below 4.3

Nitrate as alternate electron
acceptor, reduced to NO,~
or N,

(red color)

Glucose-broth medium.
Add methyl red indicator
to a sample after incubation

Broth with nitrate. After
incubation, detect nitrite
with e-naphtihylamine-
sulfanilic acid (red color).

If negative, confirm that
NO," still present by adding
zine dust to reduce NO;™ to
NO,". If no color after zinc,
then NO,” = N,

Edwardsiella {+) from .
Salmonella (—)

To differenhate Escherichia
(+, culture red) from
Enterobacter and Kiebsiella -
(usually —, culture yellow) -

To aid in identification of )
enteric bacteria (usually +) *

1
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{continued)
Test Principle Procedure Most common use
Oxidase test Cytochrome ¢ oxidizes Broth or agar. Oxidase- To separate Neisseria and
artificial electron acceptor: positive colonies on agar Moraxella {+) from
tetramethyl (or dimethyl)- can be detected by flooding Acinetobacter (=) To
p-phenylenediamine plate with reagent and separate enteric bacteria
looking for biue or brown (all -) from pseudo-
colonies monads {+). To aid
in identification of
) Aeromonas {+)

Oxidation— Some organisms produce Acid production n top To differentiate Micrococcus
fermentation acid only when growing part of sugar-containing (acid produced aerobically only)
(O/F) test aerobically culture tube; soft agar used - from Staphylococcus (acid

to restrict mixang during produced anaerobically).

incubation To characterize Pseudomonas
{(aerobic acid production)
from enteric bacteria (acid
produced anaerobically)

Phenylalanine Deamination produces " Medwm enriched ini To characterize the genus

deaminase test phenylpyruvic acid,
which is detected in a

colorimetric test

Starch hydrolysis Iodine-iodide gives
blue color with starch
Urease test Urea (HN—CO—NH,)
split to 2 NH, + CQ,
Voges—Proskauer Acetoin produced from
test sugar fermentation

phenylalanine. After
growth, add ferric
chloride reagent and look
for green color

Grow orgarusm on
plate contairung starch
Flood plate with Gram's
wdine and look for clear
zones around colorues

Medium with 2% urea and
phenol red indicator.
Ammorua rejease raises
pH. intense pink-red color

Chemical test for acetown
using a-naphthol

Pmreusfand the Providencia
group

To identufy typical starch
hydrolyzers such as
Bacillus spp.

To distingrush Klebsiella (+)
from Escherichia {—)

To distinguish Proteus {+)
from Providencia (—)

To separate Kiebsiella and
Enterobacter (+) from Eschericiun
(=) To characterize members
of genus Bacillus,

sulfide (Figure 21.7b). Utilization of citric acid, a six-
carbon acid containing three carboxylic acid groups, is
accompanied by a pH rise, and a specific dye incorpo-
rated into this test medium changes color as conditions
become alkaline (Figure 21.7c). Hundreds of differen-
tial tests have been developed for clinical use, but only
about 20 are used. routinely (Figure 21.74).

The typical reaction patterns for large numbers of
strains of various pathogens have been published, and
in the modern clinical microbiology laboratory, all this
information is stored in a computer. The results of the
differential tests on an unknown pathogen are entered,
and the computer makes the best match by comparing

the characteristics of the unknown with the species in

the data bank. For many organisms, as few as three or
four key tests are all that are required to make an
unambiguous identification. In cases of a dubious
match, however, more sophisticated identification pro-
cedures may be called for, especially if the chemother-
apy regimens are different for several pathogens with
similar growth characteristics. '

Clinical diagnosis

Many companies market their own versions of growth-
dependent rapid identification systems (Figure 21.7d
and ¢). Such systems are frequently designed for use in
identifying enteric bacteria because enterics are fre-
quently implicated in routine urinary tract and intesti-
nal infections (see Section 21.1).

Other growth-dependent rapid identification kits
are available for other bacterial groups or even for sin-
gle bacterial species. For example, commercial kits con-
taining a battery of tests have been developed ‘for
Staphylococcus aureus, Streptococcus pyogenes, Neisseria
gonarrhoeae, Haemophilus influenzae, and Mycobacterium
tuberculosis. Other kits are available for identification of
the pathogenic fungi Candida albicans and Cryptococcus
neoformans (co Section 23.16).

The decision to use a specific diagnostic test is usu-
ally made by the clinical microbiologist. This individ-
ual takes into consideration the nature of the clinical
specimen, basic characteristics (especially the Gram

\ 1
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stain} of pure cultures obtained, and previous experi-
ence with similar cases. For example, an enteric identi-
fication kit would be useless in identifying a gram-
positive coccus isolated from an abscess. Instead, a
Staphylococcus aureus or Streptococcus pyogenes kit would
be used to make a positive identification.

CONCEPT CHECK 21.2

Traditional methods for identifying pathogens
depend on observing metabolic changes induced as
a result of growth. These growth-dependent meth-
ods provide rapid and reasonably accurate means
of diagnosing many infectious diseases.

v Distinguish between selective and differential
identification methods. Give an example of a
medium used for each purpose.

' What parameters would a clinical microbiologist
use to prescribe a specific diagnostic test kit for
identification of an infectious agent?

21.3
Testing Cultures for Antibiotic Sensitivity

In medical practice, microbial cultures are isolated
from diseased patients to confirm diagnoses and to aid
in decisions on therapy. Determination of the sensitiv-
ity of microbial isolates to antimicrobial agents is one of
the most important tasks of the clinical microbiologist.
We discussed the principles for the measurement

of antimicrobial activity in Chapter 11. The sensitivity
of a culture can be most easily determined by an agar
diffusion method or by using a tube dilution technique
to determine the minimum inhibitory concentration
(MIC) of an agent that is necessary to inhibit growth
{co Section 11.4). Food and Drug Administration
(FDAY) regulations now control the procedures used for
sensitivity testing in the United States, and similar reg-
ulations exist in other countries. A recommended agar
diffusion procedure is called the Kirby—Bauer method,
named after the workers who developed it (Figure
21.8). A plate of suitable culture medium is inoculated
by spreading a sample of culture evenly across the agar
surface. Filter paper discs containing known concentra-
tions of different antimicrobial agents are then placed
on the plate. The concentration of each agent on the disc
is specified, and after incubation, the presence and size
of inhibition zones around the discs of the different
agents are noted. Table 21.4 presents typical zone sizes
for several antibiotics. Zones observed on the plate are
‘measured and compared to standard data to determine

if the isolate is truly sensitive to a given antibiotic.

The MIC procedure for antibiotic sensitivity test-
ing involves an antibiotic dilution assay, either in culture

tubes (oo Figure 11.11) or in the wells of a microtiter
plate (Figure 21.8¢). A series of twofold dilutions of each
antiblotic are made in the wells, and then all wells are
inoculated with a standard amount of the same test
organism. After incubation, the intubition of growth by
the various antibiotics can be observed by measunng tur-
bidity. Sensitivity is usually expressed as the Jughest dilu-
tion (lowest concentration) of antibiofic that completeiv
inhibits growth. The ditution assay, because 1t can be per-
formed in microtiter plates, is readily automated.

Because of the widespread occurrence of antibiofic
resistance (oo Section 11.13), an antibiotic sensitivity test
1s essential for pathogens isolated from each patient. Data
such as those in Table 21.4 are useful to the physician in
choosing the best antibiotic for a specific bacterial infec-
tion. Fortunately, many potentially serious pathogens
are susceptible to a number of different antibiotics, and
this allows the physician considerable latitude in the
course of treatment. However, some pathogens, for
example, Pseudomonas aeriiginosa, are sensitive to very few
drugs. Other pathogens, such as some encountered in
hospital environments, have developed antibiotic resis-
tance (<o Sections 22.7 and 11.13). Thus; antibiotic sensi-
tivity testing for these organisms is absolutely essential
for effective chemotherapy. Using the drug sensitivity
information gathered in this fashion, the clinical microbi-
ologist generates periodic reports to the physician and
pharmacist. These reports, called antibiograms, indicate
the sensitivity of clinically isolated organisms to the
antibiotics in current use. This report 15 particularly
valuable for tracking the emergence of antibiotic-resis-
tant strains of pathogens in facilities such as hospitals
and nursing homes.

CONCEPT CHECK 21.3

Antibiotics are in wide use for the treatment of
infectious diseases. Pathogens must be tested for
sensitivity to individual antibiotics before treatment
to ensure appropriate chemotherapy.

v Describe the Kirby—Bauer technique. What does it
indicate?

v Why is antibiotic sensitivity testing important for
the clinical microbiologist, the physician, and the
patient?

21.4
Immunodiagnostics

In this section, we will apply the principles of immu-
nity to the diagnosis of infectious diseases. First, we
will briefly review the immune response to pathogens.
Next, we will observe the immune response in a nor-
mal individual. Finally, we will examine immunologi- -
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Figure 21.8 Antibiotic sensitivity testing. (a~d) the Kirby-Bauer procedure for determinung

ulated into a tube of liquid culture medium and allowed to grow to a specified density.
) A swab is dipped in the liquid culture. (c} The swab is streaked evenly over a plate of
e agar medium. (d) Discs containing known amounts of different antibiotics are placed
the plate. After incubation, inhibition zones are observed. The susceptibility of the organ-

Esensitivity of an organism to antibiotics. {(a} A colony is picked from an agar plate. It is

is determined by reference to a chart of zone sizes (Table 21.4). (e) Antibiotic sensitivity
termined by the dilution method. The organism is Pseudomonas aeruginosa. Each row has
different antibiotic. The use of the microtiter plate enables automation of these tests. The
point is read as the well with the lowest concentration of antibiotic that shows no evi-
dence of bacterial growth. The highest concentration of antibiotic is in the well at the left;

al dilutions are made in the wells to the right. For example, in rows 1 and 2, the end point

bacterial growth in all the wells. In row 4, the end point is in the first well. The lowest con-
tration of antibiotic that completely inhibits bacterial growth defines the minimum

bitory concentration (MIC) for that agent (<o Section 11.4).

reagents that are useful for diagnostic applications.
the following sections, we will examine specific
plications of these reagents.

;e third well. In row 3, the antibiotic is ineffective at the concentrations tested, since there

gmmunity to infection: Overview and review

;lhe immune response was discussed in Chapter 20. A
smmary of the major aspects of immunity is shown in
figure 20.1. The body responds te pathogens in a three-
step process. For a pathogen that the body has never
wfore encountered, the pathogen must first be recog-
azed. This is usually accomplished by a group of cells
aled phagocvtes (ao Section 20.3), which constitute

the first line of defense against any pathogen that gains
access to body tissues. Fortunately, phagocytes ingest

. and destroy most pathogens (a process called phagocy-

tosis). Phagocytosis is nonspecific, and the target may be
any foreign substance, including the pathogens and
their components.

In the 'second phase of immunity, the phagocytes
present pathogen-derived antigens (proteins obtained
from the destroyed pathogen) to antigen-specific im-
mune lymphocytes known as T cells (<o Section 20.7).
Some T cells known as T helper (T};) cells do not act
directly on the pathogen but recruit and stimulate (help)
another group of antigen-specific cells known as B cells.

j2g
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Zone sizes for some antimicrobial disc susceptibility tests

Inhibition zone diameter (mm)® {
<

Antibiotic Amount on disc Resistant Intermediate Sensitive
Ampicillin® - Wug 11 or less 12-13 14 or more -
Ampicillin® 10 pg 28 or less — 29 or more
Cephoxitin . 30 ug 14 or less ' 15-17 18 or more
Cephalothin 30 pg 14 or less 15-17 18 or more 4
Chloramphenicol 0pug 12 or less 13-17 18 or more Y
Clindamycin . 2 g 14 or less 15-16 17 or more |
Erythromycin 15 pg 13 or less 1417 18 or more 3
Gentamicin 10 pg 12 or less 13-14 15 or more
Kanamycin 30 pg 13 or less 14-17 18 or more 4
Methicillin 5pug 9 or less 10-13 14 or more 4
Neomycin ’ 30 pg 12 ar less 13-16 17 or more §
Nitrofurantoin ' 300 pg 14 or less 15-16 17 or more . X
Penicillin G* 10 uruts 28 or less — 29 or more ' §
Penicillin G* 10 units 11 or less 12-21 22 or more ¢
Polymyxin B 300 uruts 8 or less 9-11 12 or more”. §
Streptomycin 10 pg 11 or less 12-14- 15 or more
Tetracycline . Ipg l4orless 15-18 19 or more ¢
Trimethoprim-sulfamethoxazole 125/23.75 ug 10 or less 11-15 16 or more 3
Tobramycin 10 pg 12 or less 13-14 15 or more

“See Figure 21.84 for an illustration of a typical test.

*For gram-negative organisms and enterococci.

“For staphylococei and highly penicillin-sensitive organisms.
4For staphylococci.

“For orgamusms other than staphylococei. Includes some orgarusms, such as enterococci and some gram-negative rods, that may cause some s¢s- %3

temic infections treatable with high doses of penicillin G.

The B cells then respond by producing soluble, antigen-
specific binding proteins known as antibodies (co Sec-
tions 20.5 and 20.11). A primary antibody response gener-
ally occurs within 5 days, but antibodies do not reach
peak quantities for several weeks. The antibody proteins,
because they are antigen-specific, and thus pathogen-
specific, are critical components of the immune response.

The antibodies interact specifically with the anti-
gen on target cells, but cannot kill the cells. A group of
nonspecific enzyme proteins, known collectively as
complement (oo Section 20.13), may attach to antibod-
- ies bound to the pathogen and lyse all cells with
attached antibody. For example, antibodies specific for
cell surface proteins of Salmonella spp. interact only
Salmonella: complement causes lysis of the antibody-
sensitized Salmonella cell, but not of an Escherichia coli
cell that is not antibody-sensitized. Thus, the immune
response is specific for individual antigens, by virtue of
specific antibodies, but may be mediated or enhanced
through nohspecific mechanisms such as complement.

In many cases, antibody-mediated immunity is
not an effective mechanism for controlling the spread
of infection. Some infectious agents parasitize the
body from within cells. For example, animal viruses
reproduce using host cell systems and, therefore,
spend a large portion of their life cycle within the host
cells (oo Section 8.14). Likewise, bacteria such as Myco-
bactertum tuberculosis, the causative agent of tuberculo-

- ognizes the antigen (co Section 20.7) and acts dire

sis, take up residence preferentially within phag '
(oo Sections 20.3 and 23.3). Because antibodies
geared to recognize the free pathogen in the biood
at mucosal cell surfaces, the infected host cells must be
identified and destroyed by other means, usuallg
involving the cell-to-cell interactions of the cell-medé
ated immunity. Fortunately, the internal pathogens aft

face of infected target cells. A T cytotoxic cell (T) re ‘

on the infected target cell by secreting cytolytic prog
teins called perforins, which destrov the infected ce
(oo Section 20.9). F

No useful specific immunity exists before expg

second antigen stimulation through reinfection geneg
ates a very rapid and very strong immune respongg

(oo Section 20.11). This secondary antibody respons
quickly targets and destroys the pathogen. Thus,

immune response has mentory. Memory is characterizeg
by a rapid rise in antibody titer, or quantity, and we w
now use this principle to track infections. '

13



Antibody titers and the diagnosis
of infectious disease

In the diagnosis of an infectious disease, isolation of the
pathogen is not always possible. One alternative is to

measure antibody titer to a suspected pathogen. As we"

discussed earlier, if an individual is infected with a sus-
pected pathogen, the antibody titer to that pathogen
should be elevated. Antibody titer can be measured by
agglutination, precipitation, enzyme-linked immunosor-
bent assay (ELISA), immobilization methods, or radioim-
munoassay (RIA), depending on the situation. The gen-
eral procedure is to set up a series of dilutions of serum
{usually twofold dilutions: 1:2, 1:4, 1:8, 1:16, 1:32, and so0
on) and to determine the highest dilution at which the
antigen—antibody reaction occurs.

A single measure of antibody titer does not indi-
cate active infection. Many antibodies remain at high
titer for long times after infection; to establish that an
acute illness is due to a particular pathogen, it is essen-
tial to show a rise in antibody titer in successive sam-
ples of serum from the same patient. Frequently, the
antibody titer is low during the acute stage of the
infection and rises during convalescence (Figure 21.9).
Such a rise in antibody titer is the best indication that
the illness is due to the suspected agent and is also
tuseful in diagnosis of infectious diseases of a rather
chronic nature, such as typhoid fever and brucellosis.
Insome cases, however, the mere presence of antibody
may be sufficient to indicate infection. This is the case
for a pathogen that is qmte rare in a population, and so
the presence of antibedy is sufficient to indicate that

Fwx v .
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Figure 21.9 The course of infection in a
typical untreated typhoid fever patient.
easurement of body temperature pro-
vides a measure of the course of clinical

rmal as the antibody titer rises. The data
given do not represent a single patient but
a composite of the picture seen in large
bers of patients.
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the individual has experienced an infection. A relevant
example here is acquired immunodeficiency syn-
drome (AIDS). As will be discussed in Section 21.8, an
extremely sensitive and highly reliable ELISA test 15
now available for detectmg antibodies to human
immunodeficiency virus (HIV), the AIDS virus. After
infection with HIV, an antibody response occurs but,
unlike the case in most diseases where antibody titers
increase in the later stages of the disease, the loss of T
helper cell function (<o Section 23.7) actually causes
HIV-specific antibody titers to decrease in the later
stages of AIDS. Nevertheless, the exquisite sensitivity
of ELISA allows detection of even very low antibody
titers, and the HIV-ELISA is used to routinely screen:
blood samples for evidence of HIV infection.

Uinfortunately, not all infections result in forma-
tion of systemic antibody. If a pathogen is extremely
localized, there may be little induction of an immuno-
logical response and no rise in antibody titer even if
the pathogen is proliferating profusely at its site of
infection. A good example is the disease gonorrhea.
Infection with Neisseria gonorrhoeae, the causative
agent of gonorrhea, does not elicit a systemic immune
response, and thus reinfection of a cured individual is
not uncommon (see Sections 21.1 and 23.6). In other
cases, the presence of antibody in the serurmn may have
been due to vaccination. In fact, measurement of the
rise in antibody titer following vaccination is one of
the best ways of determining that the vaccination is
effective.

Some of the most common clinical immunological
procedures are outlined in Table 21.5.

e
Normal temperature
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LY VA Ml Some clinical immunological procedures for identification of infectious agents

Pathogen or disease

Antigen .

Serological procedure®

Streptococcus (group A)

Neisseria meningitidis

Salmonella

Vibrio cholerae

Borrelia burgdorferi (Lyme disease}

Brucella

Corynebacterium diphtheriae
Mycobactertum tuberculosis

Syphilis (Treponema pailidum)

Rickettsial diseases (Q fever,
typhus, Rocky Mountain

Streptolysin O (exotoxin)
DNase (extracellular protein)
Capsular polysaccharide

N. meningitidis cells
O or H antigen

O antigen

Flageilin
Surface proteins

Cell wall antigen

Toxin

Tuberculin (partially purified
bactenal proteins, PPD)

Cardiolipin-lecithin-cholesterol

T. pallidum antigens
T. pallidum cells
Killed rickettisal cells

Neutralizahon of hemolysis

Neutralization of enzyme

Passive hemagglutination (N.
meningitidis polysaccharide
adsorbed to red cells) i

Indirect fluorescent anhbody

Agglutination (Widal test) -

ELISA

Agglutination

Bactencidal test {in presence of
complement)

ELISA

ELISA

Immunoblot

Bactericidal test (< Section 23.10)

Agglutination

ELISA

Skin test (Schick test)

Skin test {tuberculin test)

ELISA

Flocculation [Venereal Disease Research
Laboratory (VDRL) test] ]

ELISA p |

Indirect fluorescent antibody (FTA) -

Complement-based assay or cell
agglutination tests

ET I N SV SUPTILEY U T SNy £ U

spotted fever) ELISA
Influenza virus Influenza virus suspensions Complement-based assay
Nasopharynx cells containing Immunofluorescence
influenza virus
AIDS Human immunodeficiency virus ELISA
(HIV) [mmunoblot
Preumocytis carinii . ' P. cannil cells Immunofluorescence

methods shown.

“Except for the skin tests and the immunofluorescent tests, the serum of the patient 1s assayed for antibody against the specific antigen by the i

Monoclonal antibodies
for immunodiagnostics

As we discussed in Section 20.14, the normal antibody
response to an antigen is polyclonal; that is, many B
cells are stimulated to produce antibodies to a complex
antigen. The resulting antiserum consists of a mixture
of different antibodies. Although this antibody popula-
tion can give adequate immune protection to the host,
it is usually not specific for a single, defined antigen
and is not precisely reproducible because it was pro-
duced in a single individual animal at a single time, For
immunodiagnostic procedures, these types of antibod-
ies, while they may be very potent, are extremely hard
to standardize. Monoclonal antibodies, on the other
hand, are products of clones of single cells, and because
the cell clones can be stored and grown indefinitely,
reproducibility and standardization are easily attained.
Monoclonal antibody technology, therefore, has sup-
planted standard polyclonal techniques for many
immunodiagnostic applications.

p

A monoclonal antibody is generally highly specific
for a single antigenic determinant and hence is very
useful in immunodiagnostics. For example, fluores-
cent antibodies (see Section 21.7) against Chlamydia tras
chomatis membrane proteins can be used to detect this
organism in host tissues (C. trachomatis causes a van1
ety of sexually transmitted diseases as well as trag
choma, a serious eve disease) (== Section 23.6). Thesa
monoclonal antibodies react with C. trachomatis but
so specific they fail to react with even the closely
related species C. psittaci. C. trachomatis is also
obligate intracellular parasite and is not easily cul
tured because it is dependent on the host cell to comi
plete its life cycle. Use of the fluorescent anti-C. ¢
chomatis monoclonal antibody on cervical scrapings o‘
urethral or vaginal exudates makes positive identifi
tion of chlamydial infections almost routine.

Other monoclonal antibodies have been dev
oped against outer membrane proteins of Neis
gonorrhoeae. These probes are not only monospec
reacting only with N. gonorrhoeae, but are also capab,
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of differentiating strains of N. gonorrhoeae. The use of
fluorescent monoclonal antibodies therefore ehmi-
nates much of the cross-reactivity problem observed
when polyclonal sera are used.

With presently available technology, it is possible to
generate monoclonal antibodies that react with only a
certain bacterial species or even with only a certain strain
of a species. In addition, viral antigens can be detected
with the appropriate monocionals. For example, both
fluorescent and enzyme-conjugated monoclonal anti-
bodies (subsequently assayed by ELISA) (see Section
21.9) have been developed for the diagnosis of herpes
infections and the typing of herpes virus obtained from
clinical specimens. Hence, monoclonal antibodies are
useful for broad screening purposes as well as highly
detailed analyses. Monoclonal antibodies have also been
widely used in noninfectious disease diagnoses as well
{for example, see Figure 21.15).

CONCEPT CHECK

An immune response is a natural outcome of infec-
tion. A specific immune response to a pathogen can
be used as a diagnostic aid. Monoclonal antibodies
are widely used for immunodiagnostic applica-
tions.

21.4

V' How might a patient develop an antibody titer fo
an organism?

v Why does the antibody titer to an organism rise
during convalescence?

v What advantages do monoclonal antibodies have
over polyclonal antibodies in immunodiagnostic

tests?
2

21.5

- Agglutination

Agglutination is due to the binding of a particulate anti-
gen by antibody. Agglutination reactions were discussed
in Section 20.15, with the well-known ABO blood group-
ing reaction serving as a prime example of direct agglu-
tination. However, many other agglutination reactions
are used for the detection of antigens or antibodies asso-
dated with certain disease. Although not as sensitive a
test as some other immunoassays (Table 21.6), aggluti-
nation remains useful in clinical diagnostics as an inex-
pensive, highly specific, rapid immunoassay.

Coated-particle agglutination

The agglutination of antigen-coated or antibody-coated
latex beads by complementary antibody or antigen from
a patient is a typical method of rapid diagnosis. Small

215 Agglutination 881

(0.8-pm) latex beads coated with a specific antigen or
antibody are mixed with patient serum on a rucroscope
slide and incubated for a short period. If the anttbody
complementary to the molecule bound to the bead sur-
face is present in the patient’s serum, the milky-whte
latex suspension will be visibly clumped, indicative of
the agglutination reaction. Latex agglutination is also
used to detect bacterial surface antigens by mixing a
small amount of a bacterial colony with antibodv-coated -
latex beads. For example, a commercially avatlable sus-
pension of latex beads contairung antibodies to protein
Aand clumping factor, two molecules found exclusively
on the surface of Staphylococcus aureus, is virtually 100%
accurate in identifying clinical isolates of S. awrens.
Unlike traditional tests for S. aureus, many of which are
growth-dependent assays, identification of 5. aureus by
the latex bead assay takes only 30 seconds {(Figure 21.10).
Other latex bead agglutination assays have been devel-
oped to identify Streptococcus pyogenes, Neisseria gonor-
rhoeae, Haemophilus influenzae, Campylobacter spp. and the

“yeasts Cryptococcus neoformans and Candida albicans.

Avery widely employed latex agglutination assayv-
is that used for detecting specific serum antibodies for
rheumatoid factor, an antibody directed against the
body’s own immunoglobulins and associated with the
autoimmune disease rheumatoid arthritis { +  Section
20.16). Latex beads coated with human immunoglobu-
lin are mixed with whole blood or serum, and aggluti-
nation scored versus positive and negative control sera
run in parallel. Latex bead assays are simple and spe-
cific. In addition; the inexpensive nature of the assays
makes them suitable for large-scale screening pur-
poses; the widespread use of the rheumatoid test is a
good example of this. Because they require no expen-
sive equipment or particular expertise, they are in
wide use in virtually all clinical settings.

Some agglutination assays use a suspension of acti-
vated charcoal as the carrier. For example, a rapid diag-
nostic test for detection of the virus Herpes simplex, fre-

Sensitivity of immunodiagnostic assays

Sensitivity

Assay (ng antibody/mi)*
Precipitin reaction

-In fluds 24-160

In gels (double immunodiffusion) 24-160
Agglutination reactions *

Direct - 0.4

Passive 0.08
Radioimmunoassay (RIA) 0.0008-0.008
Enzyme-linked immunosorbent 0.0008-0.008

assay (ELISA) .
[mmunofluorescence 8.0

The smallest amount of antibody necessary to give a posihive reac-
ton in the presence of antigen.

\ 3\
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Figure 21.10 Latex bead agglutination test for Staphylococcus

-aureus. Panel 1 shows a negative control. Note the uniform pink
color of the suspended latex beads coated with antibodies to
protein A and clumping factor, two antigens found exclusively
on the surface of S. aureus cells. Panel 2 shows the same sus-
pension after a loopful of material from a bacterial colony was
mixed into the suspension. The bnight red clumps indicate a
positive agglutination reaction took place and indicates that the
colony is S. aureus.

quently associated with oral fever blisters or-genital sores
(oo Section 23.6), employs anti-H. simplex virus antibod-
ies adsorbed to small particles of activated charcoal.
Cotton swabs used to sample suspected herpes lesions
are placed in a buffer solution, and samples of the buffer
solution, possibly now containing virus, are used to test
for charcoal agglutination. A positive test is indicated by
visible clumping of the charcoal into large, black aggre-
gates. Because of the specificity of the antiserum used
(and here, naturally, monoclonal antibodies are ideal),
complicating cross-reactions with related pathogens are
not a problem. Like latex beads, charcoal agglutination
tests can be rapid and cost-effective diagnostic tools.

Coated-particle tests are passive agglutination reac-
tions and are up to five times more sensitive than the
direct agglutination tests we discussed in Section 20.15
(Table 21.6).

CONCEPT CHECK 215

A number of clinically useful agglutination tests are
available. These tests are rapid, relatively sensitive,
and inexpensive methods for identifying a variety
of pathogens:

V' Distinguish between direct and passive aggluti-
nation. Which tests are more sensitive?

V' What advantages do agglutination tests have over
other immunoassays? What disadvantages?

21.6
Immunoelectron Microscopy

Antibodies to which heavy metals have been chemi-
cally conjugated can be used to locate antigens in cells
by electron microscopy. This is possible because heavy

metals scatter the electron beam of the electron micro-
scope. This technique, called immunoelectron microscopy,
15 used primarily in research where there is a need to
determine where a specific antigen (usuallv a protein)
is localized in a particular region of the cell (Figure
21.11). Cells, following chemical fixation and other
preparations necessary for observation bv the electron
microscope, are treated with antibodies covalently
conjugated to a heavy metal, usually gold or platinum.
The electron-dense metals scatter electrons, and thus
the presence of bound antibody can be detected by
dense black spots in photographs of the preparation.
In immunocelectron microscopy, although the cell
is dead and chemically fixed, most protein antigens
retain sufficient native structure and antibodies stiil
react with little nonspecific cross-reaction. Immuno-
electron microscopy has been used extensively to pin-
point the location of enzymes in cells, espec1a1]v those
suspected to be associated with the cytoplasmic mem-
brane or some other internal structure (Figure 21.11).
Although immunoelectron microscopy can be used
for identifying pathogens such as human immunodefi-

Figure 21.11 Immunoelectron microscopv. Antibodies
made in rabbits to the enzvme ribulose-1,5-bisphosphate
carboxylase from the cyanobacterium: Chlorogloeopsis fritschii
were added to thin sections of C. fritschii and the preparation
treated with goat anti-rabbit IgG conjugated to 20-nm col-
loidal gold particles. The concentration of the particles ;
around large inclusions called carboxvsomes (arrows) indi-
cate that these are sites of large amounts of the enzyme.

113-



ciency virus (HIV) in cells (<o Figure 23.32), the time,
expense, expertise, and specialized equipment involved
make it impractical for diagnostic procedures in all but
the most specialized clinical research settings.

CONCEPT CHECK 216

Immunoelectron microscopy is a research tool used
for localizing antigens in cells.

4 Why are heavy metal-antibody conjugates used for
immunoelectron microscopy?

21.7
Fluorescent Antibodies

In addition to heavy metals, there are a number of other
chemical methods for covalently modifying antibodies
that make them readily detectable. In this section, we
will discuss the use of antibodies chemically modified
with fluorescent dyes. This procedure makes it possible
to detect reactions of antibodies with single cells.
Virtually all well-equipped clinical laboratories make
extensive use of fluorescent antibodies for clinical diag-
nostic procedures.

Fluorescent methods

Antibody molecules can be made fluorescent by cova-
lently attaching them to fluorescent organic com-
pounds such as rhodamine B, which fluoresces red, or
fluorescein isothiocyanate, which fluoresces yellow-
green. This does not alter the specificity of the anti-
body but makes it possible to detect the antibody
bound to cell or tissue surface antigens by use of the
fluorescence microscope (Figure 21.12). Cells to which
fluorescent antibodies have bound emit a bright fluo-
rescent color, usually red or yellow-green, depending
on the dye used. Fluorescent antibodies have been of

Wellcoma Aesearch Labovatones

Figure 21.12 Fluorescent antibody teactions. Cells of Clo-
stndwm septicum were teated with antibody conjugated with
fluorescein isothiocyanate, which fluoresces yellow-green.
Cells of Clostridium chauvei were stained with antibody con-
jugated with rhodamine B, which fluoresces red.

M oo - s e
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considerable utility in diagnostic microbiology be-
cause they permit the study of immunological reac
tions on single cells. The fluorescent antibody tech-
nigue is also very useful in microbial ecology as one of
the few methods for directly tdentifving microbial
cells in natural environments.

Two distinct fluorescent antibody procedures, the
direct and the indirect staining methods, are used
(Figure 21.13). In the direct method, the antibody

Antigen Antibactenal antibody,
labeled with lluorescent dye
Bactenal cell

X

{a)

Antigen Antibactenal antibody
(unlabeled} made in rabbut
. Bactenal call

Anti-rabbit ig,

labeled with lugrescent dye

e

Figure 21.13 Methods of using fluorescent antibodies t-
detect bacterial surface antigens. (a) Direct staining methoc
(b) Indirect staining method.
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azainst the organism itself is fluorescent. In the indirect
hod, the presence of a nonfluorescent antibody on
. surface of the cell is detected by the use of a fluo-
rescent antibody directed against the nonfluorescent
antibody (Figure 21.13). This is done by immunizing
one animal species, for example, a goat, with antibed-
ies from a second species, for example, a rabbit, and
then conjugating the fluorescent dye to the goat anti-
bodies. The fluorescent goat anti-rabbit antibodies can
then be used to detect the presence of rabbit immuno-
globulin previously bound to cells. One of the advan-
tages of the indirect staining method is that it elimi-
nates the need to make a fluorescent antibody for each
antigen of interest.

Clinical applications

In a typical clinical test using fluorescent antibodies, a
smear of material containing a suspected pathogen is
allowed to react with a specific fluorescent antibody
and observed with a fluorescent microscope. If the
pathogen contains surface antigens against which the
fluorescent antiserum was prepared (that is, the sus-
pected pathogen is identical to or immunologically
closely related to the cells used to generate the anti-
bodies), the cells will fluoresce (Figure 21.14). Orgarusms
immunologically unrelated to the control organism gen-
erally do not react or react only weakly.

Fluorescerit antibodies can also be applied directly

infected host tissues, permitting diagnosis long
before primary isolation techniques yield a suspected
organism. For example, in diagnosing legionellosis
{oo. Section 23.2) a positive diagnosis can be made by
staining biopsied lung tissue with fluorescent antibod-
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Figure 21.14 Examples of the use of fluorescent antibodies in
clinical microbiology. (a) Immunofluorescent stained cells of
Legionella pneumopfhula, the cause of legionellosis. The individ-
ual organisms are 2-5 pmn in length. (b) Detection of virus-
infected cells by immunofluorescence. Human B lymphotro-
phic virus (HBLV)-infected spleen cells were incubated with
serum contawrung antibodies to HBLV from a patient with a
lymphoproliferative disorder. Cells were then treated with
ﬂuorescem isothiocyanate-conjugated anti-human IgG anti-
" ‘'ies. HBLV-infected cells fluoresce bright yellow. Cells in

background did not react with the patient’s seram.
uwtividual cells are about 10-15 wm in diameter.

ies prepared against cell walls of Legionella pneu-
mophila, the causative agent of legionellosis (Figure
21.14a). Likewise, a fluorescent antibody against the
capsule of Bacillus anthracis can be used in the micro-
scopic diagnosis for anthrax. Fluorescent antibody
reactions can also be used in diagnosis of viral infec-
tion (Figure 21.14b) and in a variety of noninfectious
diseases. For example, in identifying cell types ex-
pressing a particular antigen, such as malignant cells,
fluorescent antibodies may be very valuable in follow-
ing the course of the disease (Figure 21.15).
Fluorescent antibodies can also be used to separate
mixtures of cells into relatively pure populations or to
define the numbers of certain cell types in complex
mixtures such as blood. Fluorescent-labeled mono-
clonal antibodies directed against the C[4 and (D8
surface antigens of T lymphocytes (= Section 20.4) are
routinely used to identify and enumerate these cells in
the blood leukocyte population (Figure 21.16). For

{a

G Bradiey

(b}

Figure 21.15 Use of fluorescent antibodies in norunfechious
disease diagnostics. (2) Human leukemic cells, some of which
are sensitive to a toxic anticancer drug and some of whuch are
not, appear indistinguishable. (b) When the cells in (a) are treat-

. ed with a fluorescent monoclonal antibody that binds specif-

1cally to a protein found only on the surface of drug-resistant
cells, the latter fluoresce whereas drug-sensitive cells do not.
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Figure 21,16 T lymphocytes stained with fluorescent-tagged
menoclonal antibodies to specific surface markers. Yellow-
green cells are cytotoxic (CD8) T cells; red cells are T helper
{CD4) cells. The different-colored cells can be separated from
one another by a fluorescence-activated cell sorter to yield
ennched populations of different cell types. Reprinted with
permission from Science 239: Cover (Feb. 12, 1988), © AAAS.

example, the definition of acquired immunodeficiency
syndrome (AIDS) includes a reduction in CD4 cells. In
addition, the CD4:CD8 ratio changes during the pro-
gression of AIDS. Thus, by defining the CD4 and CD8
numbers, the clinician can identify the reduction in
CD4 cells and, with successive assays over time, can
follow the progress of the disease (oo Section 23.7).
Fluorescing cells can be visualized, counted, and
separated with an instrument called a fluorescence spec-
trometer, often referred to as a fluorescence-activated
cell sorter (FACS). The FACS uses a laser beam to acti-
vate the fluorescent molecules (in this case, fluorescent
antibody bound to cells), placing a charge on the
labeled cells. Following laser exposure, an electric field
is applied to the cell mixture. The fluorescing and non-
fluorescing cells are then deflected to opposite ends of
the electric field where each cell population is counted
and deposited in a tube. The use of several antibodies,
each labeled with a different fluorescent dye, can result

Richard Lewts

in the simultaneous identification of several cell mark-
ers. A typical application used for identifying CD3 and
CD4 positive T cells in normal and AIDS patients is
shown in Figure 21.17. FACS analysis is also useful for
research applications. For example, immunologists
routinely use FACS methods to separate complex mix-
tures of immune cells. They can then study the proper-
ties of the highly enriched cell populations.

Under appropriate conditions, fluorescent antibod-
ies yield rapid, highly specific, useful information about
a variety of clinical conditions. However, immuno-
diagnoses using fluorescent antibody techniques are
not without their pitfalls. Nonspecific staining can be a
problem because of surface antigens that may cross-
react between various bacterial species, some of which
may be members of the normal flora. This is a major
problem among enteric bacteria, where antigens
derived from lipopolysaccharides are frequently suffi-
ciently similar among species to cause binding or par-
tial binding of the fluorescent probe. The clinical
microbiologist must therefore be careful to perform
controls using nonspecific sera and confirm all posi-
tive immunofluoréscent findings by other immuno-
logical or microbiological tests.

CONCEPT CHECK 21.7

Fluorescent antibodies can be employed for quick,
accurate identification of pathogens and other anti-
genic substances in tissue samples and ‘other com-
plex environments. Through use of cell sorting, fluo-
rescent antibodies can be used for quantitative
enumeration of a variety of cell types, including
pathogens.

V' Are fluorescent antibodies more sensitive for detect-
ing antigens than normal antibodies?

V' How are fluorescent antibodies used to identify spe-
cific cells in complex mixtures like blood?

21.8

Enzyme-Linked Immunosorbent
Assay and Radioimmunoassay

The specificity of antibodies is such that the limiting fac-
tor in most of the immunological reactions discussed
thus far is not specificity but sensitivity (Table 21.6).
Because of their exquisite sensitivity, radioimmunoas-
say (RIA) and enzyme-linked immunosorbent assay
(ELISA) are two widely used immunological tech-
niques. These methods employ radioisotopes and
enzymes, respectively, to detect antibody molecules.
Because radioactivity and the products of certain enzy-
matic reactions can be measured in very small amounts,
the attachment of radioactive or enzyme ligands to anti-
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Figure 21.17 CD3 and CD4 cell enumeration from a healthy human (a) and from a human
with acquired immunodeficiency syndrome (AIDS) (b} using a flucrescence-activated cell
sorter (FACS). Peripheral blood cells were simultaneously labeled with monocional antibody
to CD4 conjugated to phycoerythrin (PE) and with monoclonal antibody to CD3 conjugated
to flucrescein isothiocyanate (FITC). CD3 is found on all T cells. CD4 is found on T helper
(T,;) cells only. Quadrant 3 shows cells that were stained with neither antibody. Quadrant 1
shows cells stained with only anti-CD4. Quadrant 4 shows cells stained with only anti-CD3.
Quadrant 2 shows cells stained with both anti-CD3 and anti-CD4. (a) Resuits from a healthy
human. In this case, 56.3% of the T cells were T, cells. Thus, quadrant 2 shows a dense stain-
ing pattern. (b) Results from a patient with clinical AIDS. In this case, only 2.7% of the total T
cells are Ty cells. This 1s indicated by the very light staining pattern in quadrant 2. [Original

data from Peter McConnachie used with permission.]

body molecules serves to decrease the amount of anti-
gen-antibody complex required to detect a reaction.
This increased sensitivity has been extremely helpful in
clinical diagnostics and research and has opened the
door to the development of a variety of new immuno-
logical tests, previously impossible because the meth-
ods available were not sufficiently sensitive (<= Urine
Testing for Drug Abuse, and Over-the-Counter Immuno-
diagnostic Kits, Chapter 20). -

ELISA

The covalent attachment of enzymes to antibody
molecules creates an immunological tool possessing
both high specificity and high sensitivity. The tech-
nique, called ELISA (for enzyme-linked immuno-
sorbent assay), makes use of antibodies to which
enzymes have been covalently bound such that the
enzyme’s catalytic properties and the antibody’s
specificity are unaltered. Typical linked enzymes
include peroxidase, alkaline phosphatase, and B-
galactosidase, all of which catalyze reactions whose
products are colored and can be measured in very
low amounts. A

Two basic ELISA methodologies have been devel-
oped, one for detecting antigen (direct ELISA) and the
other for detecting antibodies (indirect ELISA). For detect-
ing antigens such ds virus particles from a blood or fecal
sample, the direct ELISA method is used. In this proce-
dure the antigen is “trapped” between two layers of anti-
bodies (Figure 21.18). Thus, this method is sometimés
called the “sandwich ELISA.” The specimen is added to
the wells of a microtiter plate {see the box, The Microfiter
Plate and Immuncassays) previously coated with anti-
bodies specific for the antigen to be detected. If the anti-
gen {virus particle) is present in the sample, it will be
trapped by the antigen binding sites on the antibodies.

. After washing unbound material away, a second anti-

body containing a conjugated enzyme is added. The sec-
ond antibody is also specific for the antigen, and so it
binds to any remaining exposed determinants. Following
a wash, the enzyme activity of the bound material in each
microtiter well is determined by adding the substrate of
the enzyme. The color formed is proportional to the
amount of antigen present (Figure 21.18).

To detect antibodies in human serum, an indirect
ELISA is employed. An indirect ELISA test is widely
used to detect antibodies to human immunodeficiency
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virus (HIV), and we will discuss this test in detail effective screening tools are needed to test blood sam-
because the principles involved are applicable to all ples to ensure that HIV is not being inadvertently
indirect ELISA tests. transmitted during blood transfusions or through the
transfer of blood products. An ELISA test is used for
. the routine screening of blood for signs of exposure to

The HIV-ELISA - HIV (and hence possible AIDS). P
The causative agent of AIDS, the human immunodefi- The HIV-ELISA test is an indirect ELISA designed
ciency virus (HIV) (oo Section 23.7), is transmitted by to measure antibodies to HIV present in serum. Irutial
bodily fluids including blood. Rapid, efficient, cost- infection with HIV leads to the production of antibod-

Procedure

1. Antbodies (1) to virus {¥)
bound to wells of microtiter
plate

2. Add patient sample
{fecas, secretions, serum,
and so on) suspected of
containing virus particies
of vizus antigens and
wash wells with buffer

@

Add antivirus antibody
containing conjugated enzyme

(E¥E)

-

. Wash with butter

5 Add substrate for enzyme
and measure ameunt of
colered product (@). Colored
product observed is proportional
to amount of antgen.

Color intensity

s b
DRt - -y

Figure 21.18 Detection of viruses
by a direct ELISA test.
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A FOCUS ON

ies to several HIV antigens, in particular those of the
HIV envelope. These antibodies can be detected by the
HIV-ELISA test (Figure 21.19).

To carry out an HIV-ELISA test, microtiter plates
are first coated with a disrupted preparation of HIV
particles; about 200 ng of disrupted HIV is required

in each well. Following a brief incubation period to °

ensure binding of the antigens to the surface of the
microtiter wells, a diluted serum sample is added
and the mixture incubated to allow HIV-specific anti-
bodies to bind to HIV antigens. To detect the presence
of antigen-antibody complexes, a second antibody is
then added. This second antibody is an enzyme-con-
jugated anti-human IgG preparation. Following a
brief incubation period with the second antibody and
a washing step to remove any unbound second anti-
body, the enzyme activity is assayed (the anti-human
IgG antibodies bind to any HIV-specific IgG antibod-
ies previously bound to the HIV antigen prepara-
tion). A color is obtained in the enzyme assay in pro-
portion to the amount of anti-human IgG antibody
bound (Figure 21.19). The binding of the second anti-
body is an indication that antibodies from the
patient’s serum recognized the HIV antigens, the
patient has antibodies to HIV, and the patient has
been exposed to HIV. Control sera (known to be HIV-

negative) are assayed in parallel with any samples to
measure the extent of background absorbance in the
assay. :

The HIV-ELISA test is a rapid, highly sensitive,
specific method for detecting exposure to HIV. Since
ELISAs in general are highly adaptable to mass screen-
ing and automation, the HIV-ELISA test is used as a
standard screening method for blood. However, this
test method can give erroneous results under certain
circumstances.

For example, the test occasionally gives false posi-
tive results. Because a number of factors can contribute
to these results, none of which are related to exposure
to HIV, all positive HIV-ELISA tests must be confirmed
by another independent test, usually the Western blot
(immunoblot) test (see Section 21.9). A positive HIV
Western blot test after a positive HIV-ELISA test is con-
sidered proof of HIV infection.

A final drawback to the HIV-ELISA test is the pos-
sibility of obtaining false negative results. As we
learned in Section 20.11, it takes the immune system
some time to develop an effective antibody response
with a detectable antibody titer. In the case of HIV
infection, this lag time is estimated to be 6 weeks to a
year. Therefore, individuals who have been recently
infected with HIV may not vet be producing detect-
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Procedure

1. Coat microtiter wells with

Enzyme-Linked Immunosorbent Assay and Radioimmunoassay

- i“Nagn‘tivo;teat o
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ankgen preparation from
disrupted HIV particles (%)

2 Add patient serum sample.

HiV-specific antibodies
bind to HIV antigen

3 Wash with buffer

«'::Jf-.f, cpa G
T
S,

4 Add human anti-IgG

antibodies conjugated to
enzyme (E IE)

5 Wash with butfer

o

. Add substrate for enzyme
and measure armount of colored

DTN

Lo e

product (@ ). Colored product
cbserved 1s proportional to the
antibody concentration.

Color intensity

I
g e B

Figure 21.19 Indirect ELISA test
T for detecting antibodies to human
immunodeficiency virus (HIV), the

= Antibody

able amounts of antibody when they are tested.
Another reason for a false negative result in the HIV-
ELISA test is the total destruction of the immune sys-
~tem seen in advanced cases of AIDS; if no immune

causal agent of acquired immuno-
deficiency syndrome (AIDS).

cells are left in the body, no antibodies can be made
and the ELISA test is not useful. However, at this stage
of disease, a clinical diagnosis is possible and the
ELISA test is useful only as a confirmatory indicator.
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Other ELISA tests of clinical importance

Besides the ELISA test for HIV, literally hundreds of clin-
ically useful ELISAs have been developed. Some of these
are direct ELISAs for detecting antigens. Direct ELISAs
for detecting bacterial toxins such as chalera toxin,
enteropathogenic Escherichia coli toxin, and Staphylococcus
aureus enterotoxin have been developed. Viruses cur-
rently detected using direct ELISA techniques include
rotavirus, hepatitis viruses, rubella virus, bunyavirus,
measles and mumps viruses, and paraihﬂuenza virus.

Indirect ELISAs have been developed for detecting
antibodies to a variety of clinically important bacteria.
Although not meant to be a complete list, ELISAs for
detecting serumn antibodies to Salmonella (gastrointesti-
nal diseases), Yersinia (plague), Brucella (brucellosis), a
variety of rickettsias (Rocky Mountain spotted fever,
typhus, Q fever), Vibrio cholerae (cholera), Mycobactertum
tuberculosis (tuberculosis), Mycobacterium leprae (lep-
rosy), Legionella pneumophila (legionellosis), Borelia burg-
dorferi (Lyme disease), and Treponema pallidum (syphilis)
have been developed. ELISAs have also been devel-
oped for detecting antibodies to Candida (yeast) and
antibodies to a variety of parasites, including those
causing amebiasis, Chagas’ disease, schistosomiasis,
toxoplasmosis, and malaria.

" The speed, low cost, lack of radioactive waste, and
long sheif life make ELISA tests particularly attractive
for many laboratories. But it is the extreme sensitivity
of ELISAs that really make them important immuno-
diagnostic tools. New ELISA tests are marketed each
year, and many of them are rapidly replacing older,
less-sensitive methods such as agglutination.

Radiocimmunoassay

Radioimmunoassay (RLA) employs radioisotopes instead
of enzymes as antibody conjugates. The isotope
iodine-125 is the most commonly used detecting sys-
temn, as proteins can be readily iodinated without dis-
rupting their specificity. RIA is used clinically to mea-
sure rare serum proteins such as human growth
hormone, glucagen, vasopressin, testosterone, and
insulin present in humans in extremely small amounts
(Figure-21.20) and also in some urine tests for drug
abuse (co Urine Testing for Drug Abuse, Chapter 20).
In most cases a direct RIA is employed. The direct
assay is a two-step procedure. First, radicactive anti-
gen-specific antibodies are added to a series of
microtiter wells containing known concentrations of
pure antigen {such as a hormone), which is first bound
to the wells. The radioactivity in each of these stan-
dard wells is then measured. Next, the antigen sample
from a patient is allowed to hind to another well, and
radioactive antibodies are added and measured, as
before. The amount of radioactivity bound by the
patient sample is then compared to a standard plot
generated from the binding data obtained using the

pure antigen, and the concentration of antigen in the
patient serum is interpolated from the standard plot
(Figure 21.20).

RIA has the same sensitivity range as ELISA and
can also be performed very rapidly. However, the
instruments used to detect radioactivity are quite spe-
cialized and expensive. RIA generates a considerable
amount of radioactive waste, and the radicactive
decay time (half life) of the radioisotopes used for
detection may limit the useful life of the test kit. As a
result, RIA is often used only when ELISA is not suffi- -
ciently accurate or sensitive. For example, RIA is often
more useful than ELISA for detecting serum protein
levels (as described earlier) because some serum com-
ponents may inhibit ELISA enzyme-substrate reac-
tions. Thus, for certain applications, each test svstem
has clear advantages over the other.

CONCEPT CHECK 21.8

ELISA and RIA methods are the most sensitive
known immunoassay techniques. Both invelve link-
ing a detection system, either an enzyme or a radio-
active molecule, to an antibedy or antigen, enhanc-
ing sensitivity. ELISA and RIA are used for clinical
and research work; tests have been designed to
detect either antibody or antigen in a vast number of
applications.

v Why are ELISA and RIA technigues more sensitive
than standard immunoassays such as precipitation
and agglutination?

' What hazards are associated with radioimmunoas-
says?

21.9
Immunoblot Procedures

Antibodies can be also used in clinical diagnostics to

. identify individual specific proteins associated with spe-

cific pathogens. The procedure employs three tech-
niques discussed previously: (1) the separation of pro-
teins on polyacrylamide gels, (2) the transfer {blotting) of

proteins from gels to nitrocellulose paper { .. Working

with Nucleic Acids: The Tools, Chapter 6), and (3) iden- '
tification of the proteins by specific antibodies. Protein

.blotting and the subsequent identification of the pro-

teins by specific antibodies is sometimes called the

' “Western” blot technique to distinguish it from the
(DNA) “Southern” blot technique.

The immunoblot is a very sensitive method for
detecting specific proteins in complex mixtures. In the
first step of an immunobiot, a protein mixture 1s sub-
jected to electrophoresis on a polyacrylamude gel. This
separates the proteins into several distinct bands, each of

190



g E"?'m';\ r‘t‘ﬁ'ﬁ

\ A" i
g;!-;,_,.::r ;,»-1 i v-? »-:

rnsulm

3, T e
s e v‘;d“

219 Immunoblot Procedures 891

Microtiter welis

Serum sample

which represents a single protein of specific molecular
weight (Figure 21.21). The proteins are then transferred
to nitrocellulose paper by an electrophoretic transfer
process that forces the proteins out of the gel and onto
the paper. At this point, antibodies raised against a pro-
tein or. group of proteins from a pathogen are added to
the nitrocellulose blot. Following a short incubation
period to allow the antibodies to bind, a radioactive
marker that binds antigen-antibody complexes is
added. The most common radiocactive marker used is
Staphylococcus protein A iodinated with radicactive
lodine, *I. Protein A has a strong affinity for
antigen—-antibody complexes and binds firmly to them.
Once the radioactive marker has bound, its vertical posi-
tion on the blot can be detected by exposing the nitro-
cellulose blot to X-ray film; the gamma rays emitted by
the [ expose the film only in the region where the
radioactive antibody has bound to antigen-antibody
complexes (Figure 21.21).

For many clinical applications, immunoblots
employ enzyme-linked immunosorbent assay (ELISA)
technology (see Section 21.8) for detection of bound
antigen-antibody complexes. Following treatment of

Figure 21.20 Radioimnmu-
noassay (RIA). Using RIA
to detect insulin leve'
human serum Follo
establishment of a stan.. .
curve, -the insulin concen-
tration in a serumn sample
can be estimated

the blotted proteins with specific antibody, the paper is
washed and then treated with a second antibody,
which binds to the first. For example, if antibodies
from a human were used in the first step, then the sec-
ond antibody could be a rabbit anti-human antibody.
Covalently attached to this second antibody 1s an
enzyme. The original antigen-antibody complexes are
visualized when the enzyme is assayed because the
product of the enzyme reaction leaves a colored prod-
uct on the nitrocellulose filter at any spot where rabbit
antibodies are bound to the human antibodies. By
comparing the location of the color bands on the nitro-

‘cellulose paper with the position of colored bands

from control samples, a protein associated with a
given pathogen can be positively identified.

The immunoblot procedure can be used to detect
either antigen (direct evidence for pathogen presence)
or antibody (indirect evidence for pathogen exposure).
Thus, this very sensitive, extremely accurate method
is analogous to the direct and indirect ELISA proce-
dures detailed in’ Section 21.8. We now examin
widely used immunoblot test designed to ident..,
exposure to HIV.
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1. Denature proteins by bailing in detergent

Polyacrylamide gel

— Nitrocellulose paper

4. Treat nirocellulose paper containing blotied proteins with antibodies; each antibody
recognizes and binds to a specific protein

5. Add marker to bind to antigen-antibody complexes, either (lstt) radioactive Staphylococcus
protein A-"231, or (nght) antibody containing conjugated enzyme

~— (GP41-45

’

-—— P24

viclor Tsang

fb)

Figure 21.21 The Western blot (immunoblot)
and its use in the diagnosis of human immunode-
ficiency virus (HIV) infection. (a) Protocol for an
immunoblot. (b} Developed HIV immunobiot.
The proteins P24 and GP41-45 are coat proteins of

”~ the virus and are diagnostic for HIV. Lane 1,
Positive control serum (from known AIDS
patients); lane 2, negative control serum (from
healthy volunteer); lane 3, strong posttive from
- - atient sample; lane 4, weak positive from patient
Xoray fln ' ::;‘;ﬁgfggu‘:gg Eample; lang 3, reagent blani to check fml-.J back-
(a) colared spot ground binding.
The HIV immunoblot tests have been widely used for screening purposes.
However, the HIV-ELISA test occasionally yields false
Immunoblots have had a signiﬁcant clinical impact on positive results. Thus, an immunoblot is v1rtually
*he diagnosis and confirmation of cases of AIDS. always used to confirm positive ELISA results.
acause an immunoblot is more laborious, time-con- Like the HIV-ELISA, the HIV immunoblot is

suming, and costly than the ELISA test, HIV-ELISA - designed to detect the presence of antibodies to HIV in

+
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a serum sample. To perform the immunoblot, a puri-
fied preparation of HIV is treated with the detergent
sodium dodecyl sulfate {(SDS}, which solubilizes HIV
proteins and also renders the virus inactive. HIV pro-
teins are then resolved by polyacrylamide gel elec-
trophoresis. The HIV proteins are then blotted from
the gel onto sheets of nitrocellulose paper (Figure
21.21). At least seven major HIV proteins are resolved
by electrophoresis, and two of them, designated P24
and GP41-45, are used as specific diagnostic proteins
in the AIDS immunoblot. Protein P24 is the HIV core
protein, and proteins GP41-45 are HIV coat proteins
(co Section 8.22).

Following blotting of the proteins, the nitrocellu-
lose strips are incubated with a serum sample previ-
ously identified as HIV-positive (a positive control) by
HIV-ELISA: If the sample is truly HIV-positive, anti-
bodies against HIV proteins will be present and will
bind to the HIV proteins separated on the nitrocellu-
lose paper (Figure 21.21). To detect whether antibod-
ies from the serum sample have bound to HIV anti-
gens, a detecting antibody, anti-human IgG conjugated
to the enzyme peroxidase, is added to the strips. If
detecting antibody binds, the activity of the conju-
gated enzyme will form a brown band on the strip
at the site of antibody binding after addition of
substrate. The serum from the HIV-ELISA-positive
patient is assayed in parallel with the positive control
serum. The patient can be confirmed as HIV-positive
if the position of the bands in the patient and the pos-
itive control sera are identical; negative control sera
are also analyzed in parallel and must show no bands
(Figure 21.21).

Although the intensity of the bands obtained in the
HIV immunoblot varies somewhat from sample to sam-
ple (Figure 21.21b), the interpretation of an immunoblot
is generally unequivocal, and thus the test is valuable
for confirming HIV-ELISA positives and eliminating
HIV-ELISA false positives. To make the HIV immurio-
blot clinically accessible, nitrocellulose strips contain-
ing inactivated HIV antigens {previously separated by
electrophoresis) are available commercially. Separate
strips can be incubated directly with the patient and
control serum samples and subsequently treated with
the detecting antibody. In addition to standardizing
the assay, this eliminates the need for clinical microbi-
ology laboratories to produce HIV as a source of anti-
gen for the HIV immunoblot.

The immunoblot technique is considered the defin-
itive test for serodiagnosis of HIV infection and is virtu-
ally always used to confirm positive HIV-ELISA tests.
This technique is also used to confirm the specificity of
screening tests for the Lyme disease antibody (see Table
21.5). However, because of the expense, technical
requirements, and time involved, immunoblot tests are
not likely to supplant the rapid, low cost ELISA meth-
ods for general screening purposes.

CONCEPT CHECK ) 219

Immunoblot procedures can be used to detect anti-
bodies to specific antigens or to detect the presence
of the antigens themselves. The antigens are elec-
trophoresed, transferred (blotted) to a filter, and
exposed to antibody. Immune complexes are visual-
ized through the use of enzyme-labeled or radicac-
tive second antibodies. Immunoblots are extremely
sensitive and accurate, but procedures are complex
and time-consuming.

v What advantage does the immunoblot have over
immungassays such as ELISA and RIA?

v’ What alternatrve labeling metlods are used for
immunoblot detection systems?

21.10

Nucleic Acid Probes
in Clinical Diagnostics

The emergence of molecular biology has given rise to
new molecular tools that are rapidly being adapted to
the field of diagnostic microbiology. DNA diagnostics,
as this area has come to be known, is revolutionizing
the whole approach to identifying and monitoring
infectious diseases, genetic and malignant diseases,
and other medical conditions such as coronary artery
disease and diabetes. This new approach uses geno-
typic rather than phenotypic factors to identify specific
pathogens. The power of DNA diagnostics is a conse-
quence of two facts: (1) nucleic acids can be rapidiy
and sensitively measured, and (2) the seguence of
nucleotides in a given DNA molecule 1s so specific that
hybridization analyses can be used for reliable cl:mcal
diagnoses.

Automation is helping to make DNA analysis vir-
tually routine in the clinical setting. Automated DNA
extractors, polymerase chain reaction (PCR) machines
(oo Section 10.9), DNA sequencers, and pulse field gel
electrophoresis equipment (for separating large DNA
segments such as whole chromosomes) (- Working
with Nucleic Acids: The Tools, Chapter 6) are all avail-

.able for use in the diagnosis of diseases. The nucleic

acid probe is now a major molecular tool in clinical lab-
oratories. - A

Nucleic acid probeé

One of the most powerful analytical tools available to
clinical microbiologists is nucleic acid hybridization. In-
stead of detecting a whole organism or its products (for
example, antigens), hybridization detects the presence
or absence of specific DNA sequences associated with a
specific organism. To identify a microorganism through
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DNA analysis, the clinical microbiologist must have
vailable a nucleic acid probe to that microorganism, a stn-
ole strand of DNA containing sequences unique to the
organism. The probe may be up to several kilobases in
length, but many synthetic oligonucleotides consist of 20
bases or less and are still highly specific. If a microor-
ganism in a clinical specimen contains DNA sequences
complementary to the probe, the two sequences can
hybridize (following appropriate sample preparation to
yield single-stranded DNA from the microorganism),
forming a double-stranded molecule (Figure 21.22). To
detect that a reaction has occurred, the probe is labeled
with a reporter molecule, a radioisotope, an enzyme, or a
fluorescent compound that can be measured in small
amounts following hybridization. Depending on the
reporter used (radicisotopes are the most sensitive), as
little as 0.25 pg of DNA per sample can be detected.
Nucleic acid probes offer many advantages over
clinical immunological assays. Nucleic acids-are much
more stable than proteins to high temperatures, high
pH, organic solvents, and other chemicals. This means
that a clinical sample can be treated in a relatively
harsh manner so as to destroy most interfering mate-
rial, leaving behind the nucleic acid. In addition,
nucleic acid probes are more defined entities than anti-

Chapter 21 Clinical and Diagnostic Microbiology and Immunology

bodies; the composition of a probe can be accurately
checked by sequence analysis, and new molecules of
the short probes can be produced in DNA synthesizers
whenever necessary.

Nucleic acid probes are also very sensitive. With
current technology it is possible to detect less than 1
ug of nucleic acid per sample. This translates into
about 10¢ bacterial cells or virus particles. Although
probes used in this fashion are not as sensitive as
direct culture (where as few as 1-10 cells per sample

- can be detected), probe methods can be useful in situ-

ations where culture of the organism 1s difficult or
even impossible.

Perhaps one of the most promising methods for
clinical diagnostics involves the use of sequence-spe-
cific probes for polymerase chain reaction amplifica-
tion of DNA or ribonucleic acid (RNA} from specific
pathogens. As we discussed in Section 10.9, PCR uses
two sequence-specific oligonucleotides to amplify tar-
get DNA. A DNA ampilification of a millionfold or
more increases the probe sensitivity and theoretically
makes this procedure capable of detecting DNA from a
single bacterial cell. For example, probes for a pathogen
might be used to examine DNA derived from sus-
pected infected tissue, even in the absence of an observ-
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Figure 21.22 Nucleic acid probe methodology in clinical diagnostics. (a) Membrane filter
say. The detecting system (reporter) can be a radioisotope, a fluorescent dye, or an

zyme. (b) Dipstick assay. In the dipstick assay a dual reporter or capture probe is used.
the capture probe contains a poly-dA tail that hybridizes to a poly-dT oligonucleotide

affixed to the dipstick.
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able, culturable pathogen. These methods are particu-
larly useful for identifying viral and intracellular infec-
tions. The presence of the appropriate amplified gene
segment (Figure 21.23) confirms the presence of the
pathogen. Several of the specific organisms for which
either hybridization or PCR methods are in use are
listed in Table 21.7. We now consider several specific
examples of nucleic acid probes and discuss some
applications in more detail.

Probes in the clinical laboratory

In most clinical probe assays, colonies from plates or
pieces of infected tissue are treated with strong alkali,
usually NaOH, to lyse the cells and partially denature
the DNA, forming single-stranded molecules (Figure
21.22). This mixture is then affixed to a filter or left in
solution {for dipstick assays, see later), and the labeled
probe added. Hybridization is allowed to occur at a
temperature at which considerable sequence homol-
ogy between target DNA and probe DNA is necessary
. to form a stable duplex (the actual temperature used in
a given probe assay is governed by the length and
nucleic acid composition of the probe and target
DNA). Following a wash to remove any unhybridized
probe DNA, the extent of hybridization that occurred
is measured using the reporter molecule attached to
the probe. Depending on how the probe was labeled,
this involves measurement of radioactivity, enzyme
activity, or fluorescence from an attached dye.

Nucleic acid probes have been marketed for the
identification of several major microbial pathogens
and are in widespread use for the detection of Neisseria
gonorrhoeae and Chlamydia trachomatis (see Table 21.7
and Section 23.6), However, in addition té their clinical
.usefulness, probes are finding widespread application
in food.industries and in food regulatory agencies.
Probe detection systems can be used to routinely mon-

1 2 3 4

Figure 21.23 Polymerase chain reac-
tion (PCR) analysis of patient sputum
for Mycobacterium tuberculosis in the
diagnosis of tuberculosis. Sputum
samples from patients were used as a
source of DNA. Amplification was
nitiated with a primer pair, which
produced the indicated 439-base pair
product when a pure culture of M.
tuberculosis was used as the DNA
source (lane 15). Lanes 2-9, 11 and 12
are from sputums positive for M.
tuberculosis (lane 12 is only a weak
positive). Lanes 13 and 14 are from M.
tuberculosis-negative sputum samples.
Lanes 1 and 10 are molecular weight
reference markers.

itor foods for their content of important pathogens
such as Salmonella and Staphylococcus. In probe assa
of food, an enrichment period is usually emploved t.
allow low numbers of cells in the food to multiply to a
sufficient number to be detectable by the probe.
However, the use of PCR gene amplification tech-
niques eliminates the need for the enrichment period
Probes designed for use in the food industry employ
probe dipsticks to remove hybridized DNA from solu-
tion. Two component probes are used here, one serving
as a reporter probe and the other as a capture probe (Figure
21.22). Following hybridization of the reporter or capture
probe to target DNA, the dipstick, which contains a
sequence complementary to the capture probe (usually
poly dT to capture poly dA on the probe) (see Figure
21.22b) is inserted into the hybridization solution, and it
traps hybridized DNA for removal and measurement.
Probes for detecting certain cancer viruses are also
being developed. For example,.a probe is now available-
to detect DNA sequences unique to human papilloma
viruses. These viruses sometimes cause skin and cervical
cancer in humans (<o Section 8.14), and a specific group
of papilloma viruses causes genital warts (== Section
23.6). In women, an increased incidence of genital papil-
loma virus infection is associated with an increased risk
of cervical cancer. The DNA probe developed for papil-
loma viruses can be used to search by hybridization for
papilloma virus sequences in tissues removed during a
cervical exam. Early detection and treatment of pap"
loma virus infections decreases the risk of cervical cance
The development of new nucleic acid probes is a
major activity in pharmaceutical, biotechnology, and
clinical diagnostic companies.. Although developing
probes for diseases for which no probe yet exists is a top
priority, a major goal of probe research and develop-
ment is to make existing probes even more specific and
to continue to simplify the procedures necessarv for-
implementing probe-based assays in the clinical setting.

B 7 8 9 10 11 12 13 14 15

Udo Bewschl

+— 439 bp



896

Chapter 21 Clinical and Diagnostic Microbiology and Immunolegy

NYY-INAVAPA Pathogens that can be identified with nucleic acid probes

Pathogen Disease
Bacteria
Campylobacter spp. Food infections '

Chlamydia trachomatis

Escherichia coli (enteropathogenic strains)

Haemophilus influenzae
Legionella pneumophila
Listeria monocytogenes
Mycobacterium avium
Muycobacterium tuberculosis
Muycoplasma hominis

Venereal syndromes; trachoma

Gastrointestinal disease

Infectious meningitis

Pneumonia

Listeriosis

Tuberculosis

Tuberculosis

Urinary tract infection; pelvic inflammatory
disease

Mycoplasma pneumoniae Pneumonia -:
Neisseria gonorrhoede Gonorrhea ,
Salmonelia spp. Gastromtestinal disease ¥
Shigelila spp. Gastromtestinal disease :

Staphylococcus aureus

Purulent discharges (boils, blisters, pus-

s T W :.-

forming skin infections)

Streptococcus pyogenes Scarlet, rheumatic fever; “strep throat” "

Fungi b

Blastomyces dermatitidis Blastomycosis . a“
. Coccidioides immitis Coccidioidomycosis 1

Histoplasma capsulatum Histoplasmosis !

Viruses g

Cytomegalovirus Congenital viral infections 3

Epstein-Barr virus Burkitt's lymphoma, mononucleosis ”

Hepatitis viruses A, B, C, delta Hepatitis ,

Herpes virus (types [ and II) Cold sores; gerutal herpes

Human immunodeficiency virus (HIV) Acquired immunodeficiency syndrome (AIDS)

Human papilloma virus Gerutal warts; cervical cancer

Protozoa }

Leishmania donovanii Leishmaniasis :

Plasmodium spp. Malaria 3

Prieumocystis carinii Pneurncnia .

Trypanosoma spp. Trypanosomiasis

K

.‘I
Since all organisms have ribosornal genes, this techniqu
is universally applicable and is finding wide acceptane
as a clinical and phylogenetic tool.

. Aa

A major impediment to more extensive use of nucleic
acid probes is the high cost per test, both for special
reagents and for trained personnel. However, as auto-
mated methods and new tests become available, these
problems will be overcome. Another problem is the lack
of specific probes for many pathogens. However, recent
advances in our understanding of bacterial phylogenet-
ics based on 165 ribosomal RNA (rRNA} sequencing
(oo Section 15.7) now allow new and more specific
nucleic acid probes to be constructed.

For example, ribotyping is a new method based on
DNA probes that recognize conserved RNA operon
genes. Ribotyping is essentially a Southern blot analysis
in which strains are characterized for restriction fragment
length polymorphisms (RFLPs; ao DNA Fingerprinting,
Chapter 10) of their individual ribosomal genes. Within a
species, and particularly within a strain, the DNA se-
~uences and restriction digest patterns of genes encoding

5 rRNA, 255 rRNA and tRNAs are highly conserved
-nd serve as a molecular fingerprint for that organism.

CONCEPT CHECK 2110

Nucleic acid hybridization is a powerfut tool for
disease diagnosis. A nucleic acid sequence specific
for the virus or microbial pathogen must be avail-
able to design a probe. In addition to their use in’
clinical diagnosis, probes are also finding wide
application in food and environmental monitoring,

¥ What advantage does nucleic acid hybridization
have over standard culture methods for identifica-
tion of microorganisms? What disadvantages?

v -Cite an example where identification of a pathogen
can be made with a nucleic acid probe that cannot
be made with standard culture technigues.

196 -



21.11
Diagnostic Virology

Because of their unique characteristics as cellular para-
sites, identification and diagnosis of pathogenic viruses
pose significantly different problems from the bacterial
pathogens on which we have focused (co Chapter 8).
For example, viruses cannot be directly cultured on
artificial media, but they can be grown in host cells.
Thus, viral growth-dependent assays are extremely
complex. However, immunodiagnostic methods (see
Sections 21.4-21.9) and nucleic acid hybridization meth-
ods (see Section 21.10) are widely used for viral identi-
fication, using the same principles applied to bacterial
identification schemes. Finally, electron microscopy is
often used for direct examination of viral specimens. In
this section, we will concenfrate on specific methods
useful for viral identification, especially for the patho-
genic viruses we will discuss in Chapter 23.

First, laboratory cultivation of viruses from clinical
materials is more difficult, time-consuming, and special-
ized than the cultivation of most bacterial pathogens.
This is because viruses grow only in living cells. We dis-
cussed the use of cell cultures for the growth of viruses
in Section 8.3, and such cultures are commonly used in
diagnostic virology. A common cell line is a human
diploid fibroblast culture called WI-38, which grows
rapidly and reproducibly in cell culture medium.
Another cell line sometimes used is HeLa, a cell culture
derived initially from a human cancer. This cell line has
been maintained in vitro for so many successive transfers
that it has greatly changed its character (for instance, it is
no longer diploid). In addition to these two cell lines,
which can be maintained in the laboratory indefinitely,
cultures are also made from Rhesus monkey kidneys.
Monkey kidney cell lines are called primary because they
are not maintained by successive transfer in the labora-
tory. Primary monkey kidney cells support growth of a
number of pathogenic viruses and are therefore of value
in initial isolation of unknown viruses, but are not rou-
tinely used in most clinical laboratories. Because of the
technical expertise and expense involved (for example,
laboratories that do primary culture must maintain or
purchase Rhesus monkeys), most diagnostic virology
laboratories-are located at specialized government facil-
ines or major clinical research institutions.

Although the best diagnostic technique for most
viral infections is actual isolation, growth, and identifi-
cation of the virus, this is not practical in most clinical
settings. Instead, several immunological tests and
nucleic acid probes for viruses have been developed.
Most of the immunological tests are either direct
enzyme-linked immunosorbent assays (ELISAs) that
detect viral particles {see Section 21.8 and Figure 21.18)
or fluorescent antibody methods in which antibodies
made against viral antigens are used to detect cells con-
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taining viruses (see Section 21.7 and Figure 21.14b).
Viruses currently detectable by direct ELISA include
rotavirus, hepatitis viruses, rubella virus, bunyvavirus,
measles virus, mumps virus, and parainfluenza virus.
Agglutination tests are also available in which antiviral
antibodies conjugated to latex beads or activated char-
coal (see Section 21.5) are used to test for agglutination
of viral antigens released from lysed tissue samples.
Nucleic acid probes for detection and identification of
clinically significant viruses are also becoming a major
diagnostic tool in clinical virology (see Section 21.10).

Electron microscopy

In addition to the tools described previously, diagnos-
tic virology can be dome by electron microscopy.
Because many viruses have distinctive morphologies
(<> Chapter 8), their presence in clinical specimens
can often be detected by observing the sample under
the electron microscope (Figure 21.24). In most speci-
mens the virus particles must first be concentrated and
separated from human tissues, and a variety of tech-
niques, generally employing centrifugation and filtra-
tion, are used to obtain a sample enriched in virus parh-
cles. Although not as reliable as immunological or
nucleic acid probe methods, the observation of virus
particles of a specific morphology in a particular tvpe of
hurnan tissue can often serve as presumptive evidence
for a disease. Treating the sample with antibodies pre-
pared against particular viruses can be used to increase
the sensitivity and specificity of this method; such anti-
bodies may cause the viral particles to agglutinate, and
this makes them easier to distinguish from cellular

R, s,

Figure 21.24 Electron microscopic observation of clinical
specimens to detect viruses. Human rotavirus from a fecal
sample. The distinct spherical nature of the virus, coupled
with the source, is a highly diagnostic cniterion. Eac
rotavirus particle is approximately 75 nm in diameter.
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debris under the electron microscope. Viruses can also
iisualized following treatment of specimens with
.tviral antibodies containing conjugated heavy met-
als (see Section 21.6). The electron microscope can thus
serve as a provisional means of identifying viruses
directly from patient specimens and offers the major
advantage of speed. With the use of negative staining
techniques (Figure 21.24), results from electron micro-
scopic analysis can be available 20 minutes after collec-
tion of the specimen.

A summary of a few laboratory procedures used in
diagnostic virology is given in Table 21.8. Most of these
procedures are used only under special circumstances.
For routine virus infections, diagnoses are made by
assessing symptoms or by immunological or other indi-
rect means. For example, testing for human immuno-
deficiency virus (HIV) infection involves the ELISA test
and the immunobilot test. Both these methods detect the
presence of antibodies to HIV, not HIV itself; as is the
case for most viruses, there is currently no routine
method used to detect the presence of HIV directly.

CONCEPT CHECK 21.11

Virus culture can be accomplished only in suscepti-
ble tissue or organs. Therefore, most diagnostic
techniques for viral identification are not growth-

‘ependent but routinely rely on immunoassays and
nucleic acid hybridization techniques. Electron micro-
scopy techniques are useful for direct observation
of virus in host samples.

v/ Why must viruses be grown in tissue or organ cul-
ture and not on artificial, inert media?

V' How can individual pathogenic viruses be identified?

21.12
Safety in the Clinical Laboratory

By their very nature, clinical laboratories are areas in
which potenhally dangerous biological specimens
must be handled on a routine basis. Hence, a defined
protocol for handling clinical samples must be estab-
lished to avoid laboratory accidents. In the United
States, every clinical and research institution that deals
with human or primate tissue is required by law to
have an occupational exposure control plan in place
for the handling of all bloodborne pathogens. Thus law
was specifically designed to protect workers from
infection by hepatitis B virus (HBV) (o= Section 23.13)
and human immunodeficiency virus (HIV} (22 Sec-
tion 23.7) but effectively protects workers from infec-
tion by virtually all pathogens because of the stringent
precautions.

Studies of laboratory-associated” infections have -
indicated that most such infections do riot result from
known exposures or accidents but instead from routine
handling of patient specimens. The two most common
causes of laboratory accidents are ignorance and care-
lessness. Infectious aerosols, generated during process-
ing of the specimen, are the most likely cause of labo-
ratory infections. In attempts to minimize the exposure
of clinicians to infectious agents and to thereby reduce
the number of nonaccident-associated laboratory infec-
tions, well-run clinical laboratories stress the safety
rules outlined here. These rules, if applied stringently,
ensure the prevention of pathogen spread and meet the
legal requiremenits of the United States law.

1. Laboratories handling hazardous materials must
restrict access to laboratory and support personnel.
These individuals must have knowledge of the bio-

LEYIN AV N Some laboratory procedures used in diagnostic virology®

Condition Possible viral cause Sample source Inoculation procedure
Upper respiratory infection Rhinovirus Nasopharyngeal or ' Human fibroblast culture
Coronavirus tracheal fluid (aspirate)
Adenovirus
Pneumonia Influenza Nasopharyngeal fluid or swab Human fibroblast cultures
. or embryonated eggs
Measles Measles virus Nasopharyngeal fluid or swab Monkey kidney cells
Vesicular rash Herpes simplex Vesicular fluid by aspiration Human fibroblast culture
Diarrhea Rotavirus {infants) Feces or rectal swab Look for characteristic
Norwalk agent (adults) virus particles with the
electron microscope
(Figure 21.24)
Nonbacterial meningitis Enterovirus Spinal fluid Hurman fibroblast or
Mumps monkey kidney
Herpes simplex cultures

munological methods and nucleic acid probe methods are also widely used in the diagnosis of viral infections (see Sections 21.4-21.19).
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logical risks involved in the clinical laboratory and
act accordingly.

. Effective procedures for decontaminating infectious
materials or wastes, including specimens, syringes
and needles, inoculated media, bacterial cultures,
tissue cultures, experimental animals, glassware,
instruments, and surfaces must be in place and
be practiced without compromise. A 5.25% (fuil
strength) chlorine bleach solution or other approved
disinfectant is recommended for decontaminating
spilled infectious material. All potentiaily infectious
‘waste must be burned in a certified incinerator or
handled by a licensed waste handler.

. Personnel working with hazardous infectious
agents or vaccines (for example, rabies, polio, or
diphtheria-pertussis-tetanus vaccines) must be
properly vaccinated against the agent. Persons
working with human or primate tissue must be
vaccinated against HBV.

. All clinical specimens should be considered poten-
tially infectious and handled in the appropriate
manner. This is especially important for prevent-
ing laboratory-acquired hepatitis because of the
relative frequency with which hepatitis viruses are
present in clinical specimens.

. All pipetting must be done with automatic plpet-
ting devices (not by mouth), and devices such as
syringes, needles, and clinical centrifuges must
always be used with proper biological contain-
ment equipment.

. Animals should be handled only by trained labo-
ratory personnel, and anesthetics or tranquilizers
should be used to avoid injury to both personnel
and animals.

. Laboratory personnel must wear laboratory coats
or gowns, sealed shoes, rubber gloves, masks, eye
protection, respiratory devices when needed, and
other barrier protection as deemed appropriate by
the level of exposure and the severity of the poten-
tial infection. These barrier devices must also be
properly stored and decontaminated after use.
Laboratory personnel must also practice good per-
sonal hygiene with respect to hand washing.

21.12 Safety in the Clinical Laboratory 899

Eating and drinking, applying lip balm, or wear-
ing contact lenses is never permitted in the clinical
laboratory.

B. Because of the special risks associated with AIDS,
all ciinical specimens should be treated as if they
contain HIV {which they might). Latex or \mvl
gloves should be worn whenever handling speci-
mens of any kind. Masks must be worn any time
there is a possibility of generating an aerosol dur-
ing specimen preparation. Needles must not be
resheathed, bent, or broken; they should be placed
in a labeled container designated expressly for this
purpose that can be sealed and autoclaved before
disposal.

These safety rules should be the norm for all clini-
cal laboratories. Specialized clinical laboratories mav
have additional rules to ensure a safe work environ-
ment. For example, if laboratory personnel handle
extremely hazardous airborne pathogens (such as the
causative agent of tuberculosis, Mycobacterium tubercu-
losis) on a routine basis, the laboratory should be fitted
with special features, such as negatively pressurized
rooms, biological safety cabinets (cc Figure 11.4), and
air filters, to prevent accidental release of the pathogen
from the laboratory. In the final analysis, however, it is
the attitude of the personnel that makes the laboratory
a safe or an unsafe place to work. Any clinical labora-
tory is a potentially hazardous place for untrained per- -
sonnel or those unwilling to take the necessary steps to
prevent laboratory-acquired infection.

CONCEPT CHECK 21.12

Safety in the clinical laboratory requires effective
training, planning, and care to prevent the nfection
of laboratory workers with pathogens. Materials
such as inoculated culture media, needles, and
patient specimens require specific precautions for
safe handling.

v’ What are the major precautions necessary to pre-
vent spread of a bloodborne pathogen fo laboratery
personnel?
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Material for Review

REVIEW QUESTIONS

1. Describe the standard procedure for obtaining and cul-

2.

turing a blood sample for bacteria.

Why is the number of bacterial cells in urine, rather than
simply the presence of bacteria in urine, of significance?
What organism is responsible for most urinary tract

- infections? Why?

. Describe the procedures used for culturing anaerobic

microorganisms. Why is it important to process all clin-
ical specimens quickly? What special procedures and
precautions are necessary for the isolation and culturing
of anaerobes?

. Differentiate between selective and differential media. Is

eosin-methylene blue {EMB) agar selective or differen-
tial? How and why is it used in a clinical laboratory?

. Describe the Kirby-Bauer test for antibiotic sensitivity.

Why should potential pathogens from patient isolates
be tested by this method?

Why does the antibody titer rise after infection? Why is
it necessary to draw two serum samples to monitor
infections?

. How are fluorescent antibodies used for the diagnosis of

viral diseases?

APPLICATION QUESTIONS

1.

From a blood culture, you obtain a culture positive for
Staphylococcus aureus, Interpret and explain the results.
Is it likely that the patient has a 5. aureus bacteremia?
Why or why not?

. Describe the microscopic and cultural evidence that

would support a diagnosis of gonorrhea. Why is
Thayer-Martin agar a “better” medium than chocolate
agar for the isolation of Netsseria gonorrhoeae?

Compare and contrast the changes in color due to pH-
sensitive dyes in tests for carbohydrate fermentation
and citrate utilization. Is the same dye used in both
tests? Why or why not?

. Why should it not be a common medical practice to treat

an infecticus disease with antibiotics before isolating the

suspected pathogen? What further steps should be

taken before antibiotic therapy is initiated? Why are
these steps seldom taken outside a hospital environ-
ment?

What are the advantages of rapid identification systems
such as agglutination tests as compared to standard
clinical diagnostic procedures? Also discuss the poten-
tial disadvantages of rapid, non-culture-based tests.

10,

11.

12.

13.

14.

. Agglutination tests are significantly more sensitive than

precipitation tests. Why might this be the case?

. Likewise, radioimmunoassay (RIA) and enzyme-linked

immunosorbent assay (ELISA) tests are extremely sensi-
tive, as compared to agglutination, Why?

What advantages do monoclonal antbodies have over
polyclonal antibody preparations, especially with regard
to standardization of antibody preparations’

Why is the immunoblot (Western blot) procedure used

to confirm positive human immunodeficiency virus
(HIV)-ELISA results?

What information is essenhal for the design of a
pathogen-specific nucleotide probe? Where can one
obtain such information? Is this information available
for all pathogens? )

What is a primary cell line? Why do some arumal
viruses grow in primary cell lines but not m cell lines
such as Hel.a cells?

How are most- laboratory-associated infections con-
tracted? What actions can be taken to prevent them?

. Design a fluorescent antibody assay for confirming an
initial diagnosis of “strep throat” (Streptococcus pyogenes

is the causative agent of strep throat). Discuss all aspects
of the assay, including preparation of antisera, necessary
controls, and dlinical interpretation.

. Design an ELISA test for detecting hepatihis A virus in

feces. Likewise, design an indirect hepatitis A virus test
for detection of exposure. Would either test require anti-
human IgG antibodies? Why or why not?

. What are the major advantages of using DNA probes in

diagnostic microbiology? Discuss at least four aspects of
probe technology that benefit clinical medicine, Where
can you find information to design polvmerase chain
reaction (PCR) assay probes for the hepatitis A virus in
Question 7? Remember, the probes must be sequence-
specific for the virus.,

. As a new professional in a clinical laboratory, vou are

assigned the task of formalizing the laboratory safety
requirements to prevent infectious diseases. Explain
how you would monitor and enforce the recommenda-
tions outlined in Section 21.12.

a0
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Many human pathogens exist as normal inhabitants of the
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V. cholerae organism causes cholera. This isotate was foundin
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Introduction

IGLOSSARY for Chapter 22

Acute -ohort-torol mfectlon usually characterized by
dramahc onset a.nd rapld recovery

Camer subchmcally mfected mdw:duals who may
sp:eadadmease ST Ble

Chrom_c Iong-term infection.’

~Common-Source Epldenuc an epidemic resulting
ffom infection of a large number of people from a sin-
gle contaminated source:-

o TERR S g .

Emergmg Infections mfecuous dlseases whose inci-
dence has increased in the past 20 years or whose inci-
‘dence threatens to increase in the near future

Endenuc d.I.SEB.SE constantly present, usually in low
numbers L '

Epldeuuc the occurrence of a di dlsease in unusually
i hxghnumbersmalpcahzedregmn i

prdenuology ‘the study of the occurrence, distribu-
* tion, and control of infectious diseases-

-"Fomités inanimate objects that, when contaminated
: witha v1able pathogen tan transfer the pathogen toa
host o 4 SRRl :

. I-Ierd lmmumtyfresxstance ofa group to a pathogen as
. a result of the unmumty of a large portion’of the group

qt—to—Host Ep:demxc an epxdermc resulting from
son-to—person contact, charactenzed by a gradual
-, fise and fall in Jnumbers of cases ! .

.u}.q'(

. Inudence the number of cases of dlsease in a popula-

principles of how microorganisms cause infec-

tious disease and how the host responds to
microbial onslaught. In Chapter 21, we discussed the
methods for diagnosis of infectious diseases. In this
chapter, we consider how a pathogen spreads from an
infected individual to others in a population. Thus, we
are dealing here with public health. In the next chapter
we consider the diseases themselves. The principles
put forward in this chapter are vital for controlling the
spread of infectious disease.

One measure of our success in the control of infec-
tious disease was shown by the data presented in Figure
1.18, which compared the present causes of death in the
United States with those at the beginning of the twenti-
eth century. Many microbial diseases are no [onger the
th-" * to public health they once were in developed
< es. However, we will discuss a number of infec-
iow. diseases that are emerging as important public

I n Chapters 19 and 20 we considered the general

Morbidity incidence of jllness in a population
Mortality incidence of death in a population
Nosocomial Infection hospital-acquired infection

Outbreak the occurrence of a large number of cases of
a disease in a short pericd of time

Pandemic a worldwide epidemic

Prevalence the proportion or percentage of individu-
als in the population having a disease

Public Health the health of the population as a whole -

Quarantine the practice of restricting the movement of
indijviduals with highly contagious serious infections
to prevent spread of the disease

Reservoir sites in which viable infectious agents
remain and from which infection of individuals may
occur

Resurgent Infections infectious diseases, thought to
be under control, that reemerge

Surveillance observation, recognition, and reporting
of diseases as they occur

Vector a living agent that transfers a pathogen (note
alternative usage in Chapter 8)

Vehicle nonliving source of pathogens that infect large,
numbers of individuals; cornmon vehicles are food and
water

Zoonosis a disease that occurs primarily in animals
but can be transmitted to humans

health problems, even in developed countries. In devel-
oping countries, which include about 75% of the world’s
population, infectious diseases are still a major problem.
Worldwide, infectious diseases account for nearly 40%
of the total of 50 million annual estimated deaths. Table
22.1 shows the most prevalent causes of death. Note
that, for many of these diseases (for example, measles
and whooping cough), effective vaccines are manufac-
tured { <o Section 20.17) but are often not available or are
not used outside of developed countries. Clearly, infec-
tious diseases will remain an important public health
problem throughout the world. The current acquired
immunodeficiency syndrome {AIDS) epidemic, which
has apparently spread worldwide in 20 vears or less, is
only one example of the devastating consequences of an
infectious disease in a global theater. Eradication or even
effective control of infectious diseases must involve sci-
entific, economic, political, and educational solutions,
and ultimately, global cooperation.
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LY IV AVF AW Infecticus diseases: The leading human killers

Cause of death Estimated yearly deaths® Infectious agents
Acute respiratory infections 6,900,000 Bacteria, viruses, protozoa, fung
Diartheal diseases 4,200,000 Bacteria, viruses
Tuberculosis * 3,300,000 Bacteria
Acquired immunoedeficiency syndrome (AIDS) 1,000,000~2,000,000 Virus
Malaria 1,000,000-2,000,000 Protozoa
Hepatitis 1,000,000-2,000,000 Viruses
Measles 220,000 Virus
Meningitis, bacterial 200,000 Bacteria
Schistosomiasis 200,000 Parasitic worm
Pertussis (whooping cough} 100,000 Bacterium
Amebiasis 40,000-100,000 Protozoa
Hookworm 50,000-60,000 Parasitic worm
Rabies 35,000 Virus

- Yellow fever 30,000 Virus
African trypanosomiasis (sleeping sickness) 20,000 or more Protozoan

“Data represent estimates for yearly worldwide total deaths each year from each disease. There are approximately 50 muthon deaths per year,
worldwide, from all causes. Over 20 million deaths are caused by infectious disease each year

Source: World Health Organization.

22.1
The Science of Epidemiology

The most visible aspect of microbial disease is the
actual diseased individual. However, individuals do
not live alone, and when we consider infectious dis-
eases in populations, some new factors arise. The

study of the occurrence, distribution, and control of |

disease in populations is the field of epidemiology.

To continue existing in nature, a pathogen must be
able to grow and reproduce. For this reason, an impor-
tant aspect of the epidemiology of any disease is a con-
sideration of the natural history of the pathogen. In
many cases the pathogen cannot grow outside the host,
and if the host dies, the pathogen will also die. Patho-
gens that kill the host before they are transmitted to a
new host would thus become extinct. This raises the
question of why pathogens occasionally kill their hosts.
Actually, a well-adapted parasite lives in synchrony
with its host, taking only what it needs for existence and
causing only a minimum of harm. However, serious
host damage often occurs when new varieties of patho-
gens arise for which the host has not developed resis-
tance, or when the resistance of the host changes because
of the factors discussed in Chapter 19. Pathogens are
selective forces in the evolution of the host, just as hosts
are selective forces in the evolution of pathogens. When
equilibrium between host and pathogen exists, both
coexist in a stable relationship.

The epidemiologist traces the spread of a disease
to identify its origin and mode of transmission. The
epidemiologist relies heavily on data obtained from
clinical studies, disease reporting surveys, insurance
questionnaires, and interviews with patients to define

common factors that constitute a disease. The science
of epidemiology has been referred to as “medical ecol-
ogy” because the study of a disease in populations is
reaily a study of a disease in its natural environment.
This is in contrast to the clinical or laboratory study of
disease, where the focus is on treating the individual
patient. Knowledge of both the clinical aspects and
ecological aspects of a given disease are important if
public health measures to control diseases are to be
effective.

CONCEPT CHECK 22.1

Epidemiology follows the spread of disease in pop-
ulations. For infectious disease, the epidemioclogist
develops methods for the control of infectious dis-
ease by defining the interactions of the pathogen in
the host population.

v How does an epdemiologist differ from a microbi-
ologist?

v What data do epidemiologists acquire for infectious
diseases? - -

22.2
Epidemiological Terminology

A number of terms having specific meanings are used
by the epidemiologist to describe patterns of disease.
The prevalence of a disease in a population is defined §
as the proportion (or percentage) of diseased individu-
als in a population at any one time. The incidence ofa
disease is the number of diseased individuals in a popu-
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‘. ‘gn at risk. A disease is said to be epidemic when it

-5 in an unusually high number of individuals in
g hmumty at the same time; a pandemic is a widely
distributed epidemic (Figure 22.1). By contrast, an
endemic disease is one that is constantly present, usu-
ally at low incidence, in a population. In an endemic
disease, the pathogen may not be highly virulent, or
the majority of the individuals may be immune, and so
the incidence of disease is low. However, as long as an
endemic situation lasts, a few individuals remain who
serve as reservoirs of infection.

Sporadic cases of a disease occur when individual
cases are recorded in geographically separated areas,
implying that the incidents are not related. A disease
outbreak, on the other hand, occurs when a number of
cases are observed, usually in a relatively short period of
time, in an area previously experiencing only sporadic
cases of the disease. Finally, subclinical infection is used to
describe diseased individuals who show no or only mild
symptoms. Subclinically infected individuals are fre-
quently identified as carriers of a particular disease,
because even though they themselves show few or per-
haps no symptoms, they may still be actively carrying
and shedding the pathogenic agent (see Section 22.3).

Mortality and morbidity

In practice, the incidence and prevalence of disease is

rmined from statistics of iliness and death. From

2 data a picture of the public health in a popula-
tion can be obtained. The population under consider-
ation could range in size from the total global popula-
tion of humans down to the population of a localized
region of a country or district. Public health varies
from region to region, as well as with time; thus,
assessment of public health at a given moment pro-
vides only a snapshot of the situation. By continuing to
examine health statistics over many years, it is possi-
ble to assess the value of various public health policies
that may influence the incidence of disease.

Figure 22.1 Classification of
se by incidence. Each dot
sents several cases of a

particular disease.

fa) Endemic disease .

22.2 Epidemiological Terminology 905

Mortality expresses the incidence of death in the
population. Infectious diseases were the major causes
of death in 1900 in developed countries (+ Figure
1.18), whereas currently they are of much less signifi-
cance; noninfectious diseases such as heart disease and
cancer are of greater importance. However, the current
situation could rapidly change if a breakdown in pub-
lic health measures were to occur and, in fact, does not
mirror the worldwide situation. In developing coun-
tries, infectious diseases are still the major killers
(Table 22.1).

Morbidity refers to the incidence of disease in pop-
ulations and includes both fatal and nonfatal diseases.
Clearly, morbidity statistics define the health of the
population more precisely than rnortahty statistics
because many diseases that affect health in important
ways have only a low mortality. The major causes of
illness are quite different from the major causes of
death. Major illnesses are acute respiratory diseases
(the common cold, for instance) and acute digestive
system conditions, which are generally due to infec-
tious agents.

.

Disease progression

In terms of clinical symptoms, the course of a typical
disease can be divided into stages:

1. Infection: the organism begins to grow in the host.

2. - Incubation period: the time between infection and- the
appearance of disease symptoms. Some diseases, like
influenza (00 Section 23.4), have short incubation
periods, measured in days; others, like AIDS, have
longer ones, measured in years (== Sechon 23.7). The
incubation period for a given disease is determined
by inoculum size, virulence of the pathogen, resis-
tance of the host, and distance of the site of entrance
from the focus of infection (== Sections 19.6 and
19.7). At the end of incubation, the first symptoms,
such as headache and a feeling of illness, appear.

(b} Epidemic chsease (c) Pandemic disease

'g"oﬁ
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3. Acute period: the disease is at its height, with overt
symptoms such as fever and chills.

4. Decline period: disease symptoms are subsiding,
the temperature falls, usually following a period
of intense sweating, and a feeling of well-being
develops. The decline may be rapid (within T day),
in which case it is said to occur by crisis, or it may
be slower, extending over several days, in which
case it is said to be by lysis.

5. Convalescent period: the patient regains strength and
returns to normal.

During the later stages of the infection cycle, the
immune mechanisms of the host become increas-
ingly important, and in most cases complete recov-
ery from the disease requires and results in active
immunity.

CONCEPT CHECK 22.2

An endemic disease is constantly present in a pop- «
ulation in low numbers. In epidemics, an unusually
high incidence of disease occurs. An infection may
cause morbidity {disease} or mortality (death) in a
population. A disease follows a predictable clinical
pattern in the host.

V' Distinguish between morbidity and mortality.

V' What is the normal course of an infectious disease?

22.3
Disease Reservoirs

Reservoirs are sites in which viable infectious agents
remain alive and from which infection of individuals
may occur. Reservoirs may be either animate or inan-
imate. Table 22.2 lists some common human diseases
and their reservoirs. Some pathogens are primarily
saprophytic (living on dead matter} and only inciden-
tally infect and cause disease. For example, Clostri-
dium tetani (the causal agent of tetanus) normally
inhabits the soil. Infection of animals by this organism
is an accidental event; infection of a host is not essen-
tial for its continued existence and even if there were
no susceptible hosts, C. tetani would still -survive in
nature.

However, many pathogens have other living organ-
ismns as their only reservoirs. In these cases, the reservoir
is an essential component of the natural life cycle of the
infectious agent. Some infections occur only in humans,
and maintenance of the cycle involves person-to-person
transmission. This type of pathogen cycle is common for
viral and bacterial respiratory diseases, sexually trans-
mitted diseases, staphylococcal and streptococcal infec-
tions, diphtheria, typhoid fever, and mumps.

Zoonosis

A number of infectious diseases that occur in humans
also occur in animals. A disease that eccurs primarily in
animals but is occasionally transmitted to humans is
called a zoonosis. Because public health measures for
animal populations are much less developed than for
humans, the infection rate for many diseases is much
higher in animals, and animal-to-animal transmission is
the rule. However, occasionally transmission is from aru-
mal to human. It is less likely for transmission to also
occur from person to person in such diseases. Thus,
maintenance of the pathogen in nature depends on ani-
mal-to-animal ransfer. However, control of a zoonosis in
the human population in no way eliminates it as a pub-
lic health problem. Indeed, more effective human control
can generaily be achieved through elimination of the dis-
ease in the animal reservoir. Marked success has been
achieved in the control of two diseases that were often
transferred to humans from domestic animals, bovine
tuberculosis and brucellosis. Control was achieved pri-
marily by identifying and destroying infected animais.
Pasteurization of milk was also of considerable impor-
tance in the prevention of the spread of bovine tubercu-
losis to humans because milk was the main vehicle of
tfransmission.

Certain infectious diseases have more complex
cycles, involving an obligate transfer from animal to
human to animal. These are due to orgarusms wit
complex life cycles like metazoans (for example, tap:‘
worms) or protozoa {for example, malaria, == Section
23.11). In such cases, control of the disease in the pop-
ulation can be either through control in humans or in
the alternate animal host.

Carriers

A carrier is an infected individual with no obvious
signs of clinical disease. Carriers are potential sources
of infection for others and are important for under-
standing the spread of disease. Carriers may be indi-
viduals in the incubation period of the disease, in
which case the carrier state precedes the develop-
ment of actual symptoms. Carriers of this sort are
prime sources of infectious agents for respiratory
infections because they are not yet aware of their
infection and so are not taking any precautions
against infecting others. Such persons are acute carri-
ers because the carrier state lasts for only a short
time. Also significant from the public health stand-
point are chronic carriers, who may remain infected
for long periods of time. Chronic carriers may be
either individuals who had a clinical disease and
recovered, or they may have a subclinical infection
that has remained inapparent. These individuals may
be perfectly healthy, but they harbor and spread
viable pathogens (see the box, The Tragic Case o‘
Typhoid Mary).

06



22.3 Disease Reservoirs

(IEYARI VA Epidemic diseases: Agents, sources, reservoirs and control

907

Disease

Causative agent*

Infection sources

Reservoirs

Control measures

Common-scﬁm:e‘epidemicsb

Anthrax

Bacillary dysentery

Botulism

Brucellosis

Chelera .

Giardiasis

Hepatitis

Paratyphbid

Typhoid fever

Host-to-host epidemics
Respiratory diseases
Diphtheria

Hantavirus
pulmonary
syndrome

Meningicoccal
meningitis

Pneumococcal
pneumonia
Tuberculosis
Whooping cough
German measles

Influenza

Measles

Bacillus anthracis (B)

Shigella dysenteriae (B)

Clostridium botulinum {B)

Brucella melitensis (B)
Vibrio cholerae (B)

Giardia spp. (P)

Hepatitis A, B, C, D, E {V)

Salmonella paratyph: (B)

Salmonella typhi (B)

Corynebacterium
diphtheriae (B)

Hantavirus (V)

Neisseria meningitidis (B)

Streptococcus preumoniae (B)
Muycobacterium tuberculosis (B)
Bordetella pertussis (B)
Rubella virus (V)

Influenza virus (V)

Measles virus (V)

Milk or meat from
infected animals

Fecal contamination
of food and water

Soil-contaminated
food

Milk or meat from
infected animals

Fecal contamination
of food and water

Fecal contamination
of water
Infected humans

Fecal contamination
of food and water

Fecal contamination
of food and water

Human cases and
carriers; infected
food and fomites

Inhalation of
contaminated fecal
material

Human cases and
carriers

Human carners

Sputum from human
cases; contaminated
milk

Human cases

Human cases

Human cases

Human cases

Cattle, swine,
goats, sheep,
horses

Humans

Soil

Cattle, swine,
goats, sheap,
horses

Humans

Wild mammals

Humans

Humans

Humans

Humans
Rodents
Hurmans
Humans
Humans, cattle
Humans
Humans
Humans, animals

Humans

Destruction of infected
animals

Detection and control
of carriers; oversight
of food handlers;
decontamination of
water supplies

Proper preservation of
food

Pasteurization of muik,
controt of infection in
animals

Decontamination of
public water sources;
vaccination

Decontamination of
public water sources

Decontamination of
contaminated fluids .
and fornites, vaccination
if available (A and B
oniy), '

Decontamination of
public water sources,
oversight of food
handlers; vaccinaton

Decontamination of
public water sources,
oversight of food
handlers; pasteurization
of milk; vaccination

it

Vaccination; quarantine
of infected individuals

Contro] rodent
population and exposure

Exposure treated
with sulfadiazine
for susceptible strains
Antibiotic treatment;
isolabon of cases for re-
TUC ST STEETUmIGEs LT
Treatment with
isoniazid; pasteurization
of milk
Vaccination; case
isolation
Vaécination; avoid
contact between infected
individuals and
pregnant women
Vaceination (recom-
mended only in certain
cases)
Vaccination

R0
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Disease Causative agent* Infection sources Reservoirs Control measures
Sexually transnutted diseases®
Acquired immuno- Human immuno- Infected body flwds, Humans Treatment with viral
deficiency syndrome deficiency virus ‘especially blood and replication inhibitors
(AIDS) (HIV} semen {not curative)
Chlamydia Chlamydia trachomatis (B) Urethral, vaginal, Humans Testing for orgarusm during
and anal secretions routine pelvic examinations,
chemotherapy of carners and
potential contacts; case tracing
and treatment
Gonorrhea Neisseria gonorrhoeae (B)  Urethral and Humans Chemotherapy of carriers and
vaginal secretions potential contacts; case tracing
and treatment .
Syphilis- Treponema pallidum (B) Infected exudate or Humans Identification by serological
blood tests; antibiotic treatment of
- seropositive individuals
Trichomoniasis Trichomonas vaginalis (P} Urethral, vaginal, Humans Chemotherapy of infected

Vector-borne diseases
Epidemic thyphus .
Lyme disease

Malaria

Plague

Rocky Mountain
spotted fever

Direct-contact diseases

Psittacosis

Rabies

Tularemia

. Rickettsia prowazekii (B)

Borrelia burgdorfert (B)

Plasmodium spp. (P)

Yersinia pestis (B)
Rickettsia rickettsit (B)

Chlamydia psittaci (B)
Rabies virus (V)

Franciscella
tularensis {B)

prostate secretions
Bite by infected louse
Bite from infected tick
Bite from Anopheles

mosquite

Bite by flea
Bite by infected tick

Contact with birds
or bird excrement

Bite by carnivores

Contact with rabbits

Humans, lice
Rodents, deer,
ticks

Humans,
mosquito

Wild rodents
Ticks, rabbits,
mice

Wild and
domestic birds

Wild and
domestic
carnivores

Rabbits

individuals and contacts

Control louse population

Avord tick exposure, treat
infected individuals with
antibiotics

Control mosquito population;
treat infected humans with
antimalanal drugs

Controi rodent populations ,

Avoid tick exposure, treat
infected individuals with
antibiotics

Avoid contact with birds, treat
infected individuals with
antibiotics

Avoid animal bites; vaccination
of animal handlers and
exposed individuals

Avoid contact with rabbits;
treat infected individuals with
antibiotics

“B, Bactenia; V, virus; P, protozoan.
*Some common-source diseases can also be spread from host to host.
“Sexually transmitted diseases can also be controlled by effective use of condoms and by sexual abstinence.

Carriers can be identified by routine surveys of

populations using cultural, radiological (chest X-ray),
or immunological techniques. In general, carriers are
sought only among groups of individuals who may be
sources of infection for the public at large, such as food

handlers and health care workers.

Diseases in which carriers are important for the
spread of infection include hepatitis (S© Section
23.13), tuberculosis {©© Section 23.3), and typhoid
fever (see the box, The Tragic Case of Typhoid Mary).
Surveys of food handlers and health care workers are
sometimes made to detect inapparent cases of these

infections.

CONCEPT CHECK

223

To understand how diseases develop, the pathogen
reservoir must be known. Some pathogens exist in

soil, water, or animals. Other pathogens are re-

stricted to humans and are maintained solely by
person-to-person contact. An understanding of dis-
ease carriers is critical for controlling disease.

v What is a disease reservoir?

V' Distinguish between acute and chronic carriers.

n0¥
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“the typhoid bacterium; -

" 'partment every 3 months. She
promptly dzsappeared changed her

IIa typhz She remained’a car- - name, and cooked in hotels, restau-

Ny years;" probably be- <“rants, " and ~ sanitariums,

at:she rex_‘used the operation, and

leaving
, “behind a ‘wake of typhoid fever.
- After 5 years she was captured as a
result of the investigation of an epi-
demic at a New York hospital. She
. was again arrested and imprisoned -
: and' remained in custody on North
-Brother Island in the East River of
New York City for 23 years. She
. died in 1938, 32 years after epidemi-

, she was released on . ologists had first discovered she was

ql, for others and that . ...
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Epidemiology of AIDS: An Example of
Ho Epidemiological Research Is Done

Case.. of acquired immunodeficiency syndrome {AIDS),
the virus-mediated infectious disease that severely crip-
ples the body’s immune system (<2 Section 23.7), were
first reported in the United States in 1981. Since then, the
number of new AIDS cases in the United States has risen

a chronic typhoid carrier. n

dramatically nearly every year (Figure 22.2). The extraor-
dinary rise for 1993-1994 was probably due to a change

-in the definiton of AIDS (= A Definition of AIDS,

Chapter 23) but about 50,000 new cases of AIDS will be di-
agnosed every year in the United States for the foresee-
able future. Worldwide, 30 to 40 million individuals will
be infected with human immunodeficiency virus (HIV}) -
(<o Section 23.7) by the year 2000. At lenst 1 nuillion people
now die each year from AIDS. A vast majority of the new
infections and deaths will occur in developing countries.

Figure 22.2 Number of total
cases of acquired immunode-
ficiency syndrome (AIDS) in
the United States since 1981.
The numbers of known deaths
are atso shown. Cumnulatively,
there were about 500,000 cases
of AIDS and about 300,000
at’ e to AIDS from 1981
ol *Data for deaths in
these , cars are incomplete.

1985 1986 1987 1988 1989 1980 1991 1992 1983 1994 1995
Year of report
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Tracking an epidemic

Initial case control studies suggested an unusually
high AIDS prevalence among homosexual men and
intravenous drug abusers. This in turn strongly impli-
cated a transmissible agent, presumably transferred
during sexual activity or by contaminated needles.
The finding that individuals requiring blood or blood
products were also at high risk strengthened the case
for a transmissible agent (Figure 22.3).

Soon after the discovery of HIV, laboratory tests
were developed to detect antibodies to the virus in
serum (o2 Sections 21.8 and 21.9). This made possible
more extensive surveys of the incidence of HIV infec-
tion in different populations and also served as a
screening method to ensure that new cases of AIDS
were not transmitted by blood transfusions. Such tests

revealed a fourth group of individuals at high risk for .

AIDS—the children of mothers who are themselves at
high risk for AIDS.

The pattern illustrated in Figure 22.3 is typical of an
agent transmissible by sexual activity or by blood, and
the association of AIDS cases with specific groups was an
important epidemiological finding. The identification of
certain well-defined high risk groups implied that AIDS
was not transrnitted from person to person by casual con-
tact, such as the respiratory route, or by contaminateds

1% %
4%

(a

7% b3

24% Vg

{t)

47%

Injecting drug use
. Men who have sex with men and inject drugs

1 (njecting drug use

D Heterosexual contact

. Recipient of blcod transfusion, blood componeants, or tissues
. Other, or nsk not raported or identfied
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food or water. Instead, epiderniological findings pointed
clearly to bodily fluids, primarily blood and semen,
the major vehicles for transmission of HIV.

In the United States AIDS has affected mainly
homosexual men (Figure 22.3a), but intravenous drug
users represent an increasing proportion of AIDS
cases. Subsequent epidemiological surveys have
shown that homosexual men with multiple sexual
partners are more likely to contract AIDS than monog-
amous homosexual males. In addition, the fastest
growing category for new AIDS cases is the heterosex-
ual contact group. This group is already a major risk
group among women (Figure 22.3b). This undoubt-
edly reflects the increased probability of contacting an
HIV-infected individual when engaging in sexual
activity with multiple parthers.

The incidence of AIDS in hémophiliac transfusion
recipients has been reduced greatly in recent years
(Figure 22.3). This is due not only to screening of the
blood supply but also because many blood clotting
factors needed by hemophiliacs can withstand a heat
treatment sufficient to inactivate HIV. Pediatric AIDS
cases are still a major concern. In 1993, there were 953
new cases among this group. HIV can be transmitted
to the fetus by infected mothers and probably also in
mother’s milk. All infants born to HIV-infected moth-
ers have maternally derived antibodies to HIV in their

Men who have sex with men

D Hemophila or coagulation disorder
D Heterosexual contact
. Recipient of blood transfusion, bleod components, or lissues

Other, or nsk not reported or identified

of AIDS cases by risk
group and sex in the
United States, 1993. The

reported was 105,989,
(a) AIDS in men. N
89,165 (b) AIDS
women. N = 16,824

20

total number of cases

Figure 22.3 Distribution’
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brlood but a clear diagnosis of AIDS in infants must

-it a year or more after birth because about 70% of

"rants showing maternal HIV antibodies at birth do
not go on to develop HIV infection.

Epidemiological studies of AIDS in Africa, where
the disease is thought to have originated, have clearly
shown that transmission of AIDS is not linked to par-
ticular sexual practices, such as homosexuality, but
instead to person-to-person transfer of HIV-infected
fluids. In Africa- heterosexual transmission of AIDS
seems the norm, with about equal numbers of men
and women infected. Unfortunately, reliable global
statistics on AIDS are not available because of differ-
ences in reporting in various countries. Current esti-
mates are about 10 million AIDS cases worldwide with
up to 40 million infected people who do not (yet) show
clinical symptoms; that is, they are carriers. The iden-
tification of high risk-groups through epidemiological
studies led to the development of health education
campaigns to inform the public of how AIDS is trans-
mitted and what activities constitute high risk behav-
ior (¢ Sexual Activity and AIDS, Chapter 23). Be-
cause no cure for AIDS is yet available, public health
education offers the most effective approach to the
control of AIDS and is the major weapon for prevent-
ing the spread of infection. We discuss the pathology
and therapy of AIDS in Section 23.7.

CONCEPT CHECK 22.4

1

ATDS is one of the newest and most studied pan-
demics. Current information suggests that AIDS
will continue to be a major public health problem,
especially in developing countries, although we
now know a great deal about its pathology and
spread.

V' Describe the major risk factors for acquiring AIDS.

V' Estimate the total number of individuals in the
United States who now have AIDS and make a pre-
diction for this number in the year 2000.

22.5
Infectious Disease Transmission

Epidemiologists follow the incidence of a disease by
correlating geographical, seasonal, and age group dis-
tribution of a disease with possible modes of transmis-
sion. A disease limited to a restricted geographical loca-
tion may suggest a particular vector; malaria, for
example, is transmitted by a mosquito found mainly in
tropical regions. A marked seasonality to a disease is
=y indicative of certain modes of transmission, such

. the case of measles and chickenpox, where the

" _mber of cases jumps sharply when children enter

22.5 Infectious Disease Transmission 911

school and come in close contact { == Figure 23.21). The
age group distribution of a disease can also be an
important epidemiological statistic, frequently suggest-
ing or eliminating particular routes of transmission.

Different pathogens have different modes of trans-
mission, which are usually related to the habitats of
the organisms in the body. For instance, respiratory
pathogens are generally airborne, whereas intestinal
pathogens are spread by food or water. If the pathogen
is to survive, it must undergo transmission from one
host to another. Even environmental factors may plav
a role in survival of the pathogen, and such variables
as weather conditions may influence exposure to a
pathogen. For example, aseptic meningitis, caused by
any of a group of more than 60 different enteroviruses,
is most prevalent in the summer (Figure 22.4) and is
thought to be spread via fecal contamination of water
sources such as public swimming areas.

Thus pathogens generally are associated with spe-
cific features or mechanisms that permit or ensure
transmittal. Transmission invelves three stages: (1)
escape from the host, (2} travel, and (3) entrv into a
new host. We give here a brief overview of transmis-
sion mechanisms. Several of these will be discussed in
detail for certain diseases in the next chapter.

Direct host-to-host transmission

Host-to-host transmission occurs whenever an infected
host transmits the disease to a susceptible host.
Transmission by the respiratory route and by direct
contact is very common. Transmission by infectious
droplets is the most frequent means by which upper
respiratory infections such as the common cold and
influenza are propagated. However, some pathogens
are so sensitive to environmental influences that they
are unable to survive for significant periods of time
away from the host and must be transmitted from host
to host by direct contact. The best examples of patho-
gens transmitted in this way are those responsible for
sexually transmitted diseases, such as Treponema pal-
lidum (syphilis) and Neisseria gonorrhioeae (gonorrhea).
These agents are extremely sensitive to drving and do
not survive away from the body, even for a few
moments. Intimate person-to-person contact, such as
kissing or sexual intercourse, provides a direct means
for the transmission of such pathogens. However, such’
intimate transfer can occur only if the viable pathogen
is present on the transmitting person at the body site
that comes in direct contact with that of the recipient.
Thus, pathogens causing sexually transmitted diseases

~live in genitalia, the mouth, or the anus because these

are the sites involved in sexual contact.
Direct contact is also involved in the transmittal of
skin pathogens, such as staphylococci (boils and pim-

. ples) and fungi (ringworm). However, these patho-

gens are relatively resistant to environmental influ-
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ences such as drying, and intimate person-to-person
contact is not the only means of transmission. Many
respiratory pathogens are also transmitted by direct
means because they are spread by droplets resulting
from sneezing or coughing. However, many of these
droplets do not remain airbome for long. Trans-
mission, therefore, requires close, although not neces-
sarily intimate, person-to-person contact.

Indirect host-to-host transmission

Indirect transmission can occur by either living or inan-
imate means. Living agents transmitting pathogens are
called vectors; they are generally arthropods (for exam-
ple, insects, mites, or fleas) or vertebrates (for example,
dogs, rodents). Arthroped vectors may not be hosts for
the disease but simply carry the agent from one host to
another. Large numbers of arthropods obtain nourish-
ment by biting, and if the pathogen is present in the
blood, the arthropod vector may ingest the pathogen
and transmit it when biting another individual. In
some cases, the pathogen actually replicates in the
arthropod, which is then considered an alternate host.
Such replication leads to a buildup of the inoculum,
increasing the probability that a subsequent bite will
lead to infection.

Inanimate agents such as bedding, toys, books,
and surgical instruments can also transmit disease.
These inanimate objects are collectively referred to as
fomites. Food and water are referred to as disease
vehicles. Fomites can also be disease vehicles, but
major epidemics originating from a single source are
usually traced to food or water because these are
actively consumed in large amounts by a number of
individuals in a population.

1992- 19453 1994 tic (vira!) meningitls in the United

o States. Note the marked summer
rise and annual cvclical nature of
disease incidence.

Epidemics

Two major types of epidemics can be distinguished:
commor-source and host-to-host. These two types are
contrasted in Figure 22.5. A common-source epidemic
arises as the result of infection (or intoxication) of a large
number of people from a contaminated common source,‘
such as food or water. Usually such contammation
occurs because of a malfunction in the sanditation of a
central distribution system. Foodbome and waterborne
diseases are primarily infestinal diseases; the pathogen
leaves the body in fecal material, contaminates food or
water via improper sanitary procedures, and then enters
the intestinal tract of the recipient during ingestion,
Because foodborne and waterborne diseases are some of
those that are most amenable to control by public health
measures, we shall discuss them in some detail in
Chapter 23 (also see the boxes, Snow on Cholera, and
The Tragic Case of Typhoid Mary in this chapter). The
disease incidence for a common-source outbreak is char-
acterized by a rapid rise to a peak because a large num-
ber of individuals succumb within a relatively brief
period of time (Figure 22.5}. The common-source out-
break also declines rapidly, although the decline is iess
rapid than the rise. Cases continue to be reported for a
period of time approximately equal to the duration of
one incubation period of the disease:

In a host-to-host epidemic, the disease incidence
shows a relatively slow, progressive rise (Figure 22.5) and
a gradual decline. Cases continue to be reported over a
period of time equivalent to several incubation periods of -
the disease. The epidemic may have been initiated by the
introduction of a single infected individual into a suscep-
tible population, and this individual has infected one or‘

3

more people in the population. The pathogen then repli-
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Figure 22.5 Origins of epidemics.
The shape of the epidemic curve
helps to distinguish the likely origin.
In a common-source epidemic, such
as from contaminated food or water,
the curve is characterized by a sharp
rise to a peak, with a rapid decline,
which is less abrupt than the rise.
Cases continue to be reported for a
period approximately equal to the
duration of one incubation period of
the disease. In a host-to-host epi-
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demic, the curve is characterized by a
relatively slow, progressive rise, and
the cases continue to be reported over
a period equivalent to several incuba-
tion periods of the disease.
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cated in the susceptible individuals, reached a communi-
cable stage, and was transferred to others, where it repli-
cated and again became communicable. Table 22.2 sum-
o s some of the key epidemiological features of
s¢  .najor epidemic diseases observed today.

CONCEPT CHECK 225

A pathogen can be transmitted directly from one
host to another, or indirectly by means of another liv-
ing agent called a vector. Pathogens can also be
transmitted by inanimate objects (fomites) and com-
mon vehicles such as food and water. Epidemics
may be of common-source or host-to-host origin. By
observing disease incidence over time, the type of
epidemic can be determined.

v Compare a common-source epidemic fo a host-
to-host epidemic. Cite at least one example of each.

V' Suggest one method for halting the spread of a com-
mon-source epidemic and a host-to-host epidemic.

22.6
The Host Community

The colonization of a susceptible, unimmunized host by
a parasite may first lead to an explosive infection and an
ep’ * ~ic. As the host population develops resistance,
a , the spread of the parasite is checked, and even-
tue. | u balance is reached in which host and parasite are
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in equilibrium. A subsequent genehc change in the par-
asite could lead to the formation of a more virulent form,
which would then initiate another explosive epidemic
until the host again responds and another balance is
reached. In effect, the host and parasite are affecting each
other’s evolution; that is, the host and parasite are co-
evolving.

4

Coevolution of a host and a parasite

An excellent experimental example of coevolution of
host and parasite occurred when a virus was inten-
tionally introduced for purposes of population control
in the wild rabbits of Australia.

Wild rabbits were introduced into Australia from
Europe in 1859 and quickly spread until they were over-
running large parts of the continent. Myxoma virus was
discovered In South American rabbits, which are a dif-
ferent species from the European rabbits in Australia. In
South America the virus and its hosts are apparently in
equilibrium, and the virus causes only a minor disease.
However, this same virus is extremely virulent in the
European rabbit and almost always causes a fatal infec-
tion. The virus is spread from rabbit to rabbit by mos-
quitoes and other biting insects, and is capable of rapid
spread in areas with appropriate insect vectors.

Myxoma virus was introduced into Australian
rabbits in 1950 to control the rabbit population. Within
several months, the virus was well established in the
population and spread over an area in Australia as
large as all of Western Europe. The disease showed a
marked seasonal pattern, rising to a peak in the sum-
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mer when the mosquito vectors were present and
declining in the winter. The epidemiology of myxoma
virus was studied as a model of a virus-induced epi-
demic by Australian scientists. Virus was isolated from
wild rabbits, and the isolated strains were character-
ized for virulence with laboratory rabbits. At the same
time, baby rabbits were removed from their dens
before infection could occur and reared in the labora-
tory. Then these wild rabbits were challenged with

standard virulent strains of myxoma virus to deter-
mine their susceptibility. The results of this large-scale
model study are shown in Figure 22.6.

During the first year of the epidemic, over 95% of
the infected rabbits died. However, within 6 years both
the virus and the rabbit population had changed. Over |
this interval, rabbit mortality dropped to about 84%,
and the virus isolated was of decreased virulence, In
addition, changes were noted in the resistance of 1111

:
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Figure 22.6 Changes in virulence of myxoma virus and in
susceptibility of the Australian rabbit during the years after
the virus was introduced into Australia in 1950. Virus viru-
lence is given as the average mortality in standard labora-
tory rabbits for virus recovered from the field each year.
Rabbit susceptibility was determined by removing voung
rabbits from their dens and challenging with a virus strain of

‘erately high virulence, which killed 90-95% of normal

atory rabbits.

rabbit. In parts of Australia where the virus was first
introduced, the remaining rabbit population had been
subjected to selective pressure by the virus for several
years. As seen in Figure 22.6, within years the resis-
tance of the rabbits had increased dramatically. This
resistance was due to innate changes in the rabbit
population and not to immunological responses, for
the rabbits tested had been removed from their moth-
ers at birth and had never been in contact with the
virus. Their resistance was due to some genetic
change in the animal that made it less susceptible to
myxoma VIrus.

As a result of the introduction of myxoma virus,
the Australian rabbit population was controlled, but
the genetic changes in virus and host prevented com-
plete eradication of the rabbit from Australia. A
steady-state rabbit population of -about 20% of that
present before the introduction of myxoma virus was
observed (Figure 22.6). The virus was thus a major fac-
tor in population control but did not totally eliminate
rabbits because of coevolutionary events in both host
and parasite. The Australian experiment reveals how
quickly an equilibrium is reached between host and

ssite. The manner in which the malaria parasite has

“4ted biochemical evolution in humans is another
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-example of host-parasite coevolution and will be dis-

cussed in Section 23.11.

‘Herd immunity

An analysis of the immune state of a group is of great
importance in understanding the role of immunity in
the development of epidemics. Herd immunity is the
resistance of a group to invasion and spread of an
infectious agent resulting from immunity of a high
proportion of the members of the group. If the pro-
portion of immune individuals is sufficiently great,
then the whole population will be protected. The frac-
tion of resistant individuals necessary to prevent an
epidemic is higher for a highly virulent agent or one
with a long period of infectivity, and lower for a
mildly virulent agent or one with a brief period of
infectivity. .

The proportion of the population that must be
immune to prevent infection of the rest of the popula-
tion can be estimated from data on poliovirus immu-
nization in the United States. From epidemiological
studies of the incidence of polio in large populations, it
appears that if a population is 70% immunized, polio
will be essentially absent in the population. Clearly,
these immunized individuals protect the rest of the
population. For a highly infectious disease such as
influenza, the proportion of immune individuals nec-
essary to confer herd immunity is higher, about
90-95%. A value of about 70% has also been estimated
for dlphtherla, but further study of several small diph-
theria outbreaks has shown that in densely settled
areas a much higher proportion must be immunized to
prevent development of an epidemic. Apparently, in
dense populations, person-to-person transmission can
occur even if the agent is not highly infectious. In the
case of diphtheria, an additional complication anses
because immunized persons can still harbor the
pathogen (inapparent infection) and thus act as chronic
carriers, serving as potential sources of infection.

Cycles of disease

The concepts of propagated epidemics and herd
immunity can also explain why certain diseases occur
in cyeles. A good example of a cyclical disease is chick-
enpox, which occurs in a high proportion of school
children. Because the chickenpox virus (<< Section
8.19) is transmitted by the respiratory route, its infec-
tivity is high in crowded situations such as schools. On
entry into school at age 5, most children are suscepti-
ble, so that on the introduction of virus into the school,
an explosive propagated epidemic results. Virtually
every individual becomes infected and develops
immunity, and as the immune population builds up,
the epidemic dies down. Chickenpox shows an annual
cycle (@ Figure 23.21) probably because a new group

A5
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of nonimmune children arrives each year; the phasing
of the epidemic is related to the time of the year at
which school begins after the summer vacation.

CONCEPT CHECK 22.6

Hosts and pathogens coevolve with time and arrive
at a steady state that favors the continued survival of
both. With herd immunity, a large fraction of a popu-
lation is immune to a given disease, and it is difficult
for the disease to spread. Disease cycles occur when a
large, recurring, nonimmune population such as chil-
dren entering school is exposed to a pathogen.

-

¢ Explain coevolution of host and pathogen. Cite a
specific example.

V' How does herd immunity work to prevent a'non-
immune individual from acquiring a disease?

22.7
Hospital-Acquired (Nosocomial) Infections

A hospital may not only be a place where sick people
get well but may also be a place where sick people get
sicker. Cross-infection from patient to patient or from
hospital personnel to patients presents a constant haz-
ard. Hospital infections are often called nosocomial
infections (nosocomium is the Latin word for “hospital”)
and occur in about 5% of all patients admitted. In cer-

tain clinical services, such as intensive care units, up to -

10% of the patients acquire a nosocomial infection. In
all, there are about 2 million nosocomial infections
each year in the United States, leading directly or indi-
rectly to 80,000 deaths. Hospital infections are partly
due to the prevalence of diseased patients but are often
due to the presence of pathogenic microorganisms that
are selected for and maintained within the hospitai
environment, Most nosocomial infections are endemic
rather than epidemic. These infections result from
organisms already in the hospital environment. Even
multiple-drug-resistant organisms are often spread
from host to host as normal flora. Therefore, virtually
all the important nosocomial pathogens are normal
flora in either patients or hospital staff.

The hospital environment

Hospitals are special environments. Infectious diseases
are spread easily and rapidly in hospital environments
for several reasons. (1) Many patients have weakened

resistance to infectious disease because of their iliness ‘

{compromised . hosts) (©© Section 19.12). {2) Hospitals
treat patients suffering from infectious disease, and
these patients may’ be reservoirs of highly virulent
pathogens. (3) The crowding of patients in rooms and
wards increases the chance of cross-infection. (4) Hos-

pital personnel move from patient to patient, increasing
the probability of transfer of pathogens. (5) Many hospi- [
tal procedures, such as catheterization, hypodermic in-

" jection, spinal puncture, and removal of tissue samples

{biopsy) or fluids, carry with them the risk of introduc-
ing pathogens to the patient. (6) In maternity wards of
hospitals, newborn infants are unusually susceptible to
certain kinds of infection because they lack well-devel-
oped immune systems. (7} Surgical procedures are a
major hazard because not only are internal organs
exposed to sources of contamination but the stress of
surgery often diminishes the resistance of the patient to
infection (oo Section 19.12). (8) Many drugs used for
immunosuppression {for instance, in organ transplant
procedures) increase susceptibility to infection. (9) Use
of antibiotics to control infection carries with it the risk
of selecting antibiotic-resistant orgarusms, which then

.may not be easily controlled if they cause further infec-

tion (o0 Section 11.13). Figure 22.7 summarizes infor-
mation concerning the most prevalent hospital-acquired
infections.

Hospital pathogens

A relatively limited number of organisms cause the
majority of hospital infections. Eschericiua coli, presum-
ably introduced from the normal flora, is the most
common cause of urinary tract infections in hospitais,
but other gram-negative bacteria and: Pseudomonas‘
aeruginosa (see later) are often implicated as well
Enterococcus is also a common urinary tract pathogen;
the yeast Candida is also encountered (Figure 22.7).
One of the most important and widespread hospi-
tal pathogens is Staphylococcus aureus. It is most com-
monly associated with blood (septicemia), surgical
(wound), and lower respiratory tract infections and isa .
particular problem in infections acquired by newborns
in the hospital (Figure 22.7). Certain strains of unusual
virulence have been widely associated with hospital
infections. Although only the coagulase-positive
strains of 5. aureus were normally considered as patho-
gens in the past, a number of other strains of Staphylo-
coccus spp. (most of which are coagulase-negative) are
now collectively the most common cause of hospital-
acquired septicemia (an acute host response due to the
presence of organisms in the blood) (== Section 23.2)
and are also very prominent as agents of wound infec-
tions (Figure 22.7). The habitat of these staphylococci
is the upper respiratory tract, usually the nasal pas-
sages, and they often become established as normal
flora in hospital personnel. In healthyv personnel the
organism may cause no disease, but these symptom-
less carriers may be a source of infection for patients.
Because staphylococci are resistant to drying, they sur-
vive for long periods on dust particles and other -
fomites and can subsequently infect patients. Because
of the potential sericusness of infection with hospital i

280 j
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D Unnary tract

%Y Respiratory
. Septicemia

Urinary
tract Surgical Respira- Sep-
infection wound  tory tract ticemia
Pathogen (%) (%) - (%) (%)
Escherichua coli 26 10 6 6
Enterococcus 16 3. . 2 8
Pseudgmonas 12 8 17 4
ageruginosa
Staphylococcus 2 17 16 16
aureus " .
Staphylococcus 4 12 2 27
spp? .
Candida spp. 9 2 5
5 "occus 0 3
sq
Other gram- 20 18 26 12
negative
organisms
All other 11 27 25 15
organisms

‘Coagulase-negative staphylococci,

Figure 22.7 Major sites and pathogen distribution for noso-
comial infections.

staphylococcl, careful adherence to proper hospital
sanitation procedures is necessary.

Pseudomonas aeruginosa is important in causing
infections of the lower respiratory and urinary tracts
(Figure 22.7). It is also an important cause of infections in
burn patients who have lost their primary barrier to skin
infection. P. aeruginosa exhibits one of the most signifi-
cant features complicating the treatment of nosocomial
infections, antibiotic resistance. Isolates of this bacterium
from patients with hospital infections are commonly
resistant to many antibiotics. A somewhat lower degree
of resistance has been noted among Staphylococcus aureus
isolates (with occasional highly resistant strains not
uncommon), whereas Escherichia coli isolates generally
ey, K{E;iensitive to antibiotics. Antibiotic-resistant path-
Jag+ - “Racteria in hospitals generally contain plasmids
enco&lhg multiple antibiotic resistance (< Section 11.13).

Surgicat wounds )

CONCEPT CHECK 22.7

Hospital patients often have impaired immune sys-
tems or are unusually sensitive to infectious dis-
ease. Certain organisms that are ordinarily not
important pathogens in normal populahons cause
serious disease in hospitals.

V' Why are hospital patients more susceptible than
normal individuals to pathogens?

v Why are antibiotic-resistant staphylococc: a major
problem in hospital settings?

22.8

Public Health Measures
for the Control of Epidemics

An understanding of the epidemiology of an infectious
disease makes it possible to develop methods for con-
trol of the disease. Public health refers to the health of
the population as a whole and to the activities of pub-
lic health authorities in the control of disease. However,
the incidence of many infectious diseases has dropped
dramatically, especially in developed countries, over
the past 100 years not because of public health efforts
but because of general increases in the well-being of the
population. Better nutrition, less crowded living quar-
ters, and lighter work loads have probably done as-
much as public health measures to control diseases
such as tuberculosis, primarily by reducing the risk fac-
tors related to disease {@> Section 19.12). However, dis-
eases such as typhoid fever, diphtheria, brucellosis,
and poliomyelitis owe their low mc1dence to active and
specific public health measures.

Overall public health depends on’ application of
control measures to prevent the spread of infectious
disease, and we discuss these here, :

Controls directed against the reservoir

If the disease occurs primarily in domestic animals, then
infection of humans can be prevented if the disease is
eliminated from the infected animal population.
Immunization procedures or destruction of infected
animals may be used to eliminate the disease in ani-
mals. These procedures have been quite effective in
eliminating brucellosis and bovine tuberculosis from
humans. Not incidentally, the health of the domestic
animal population is also enhanced, with likely eco-
nomic benefits to the farmer.

When the reservoir is a wild animal, then eradica-
tion is much more difficult. Rabies is a disease that
occurs in both wild and domestic animals but is trans-
mitted to domestic animals primarily by wild animals.

_Thus control of rabies can be achieved by immuniza-

2t
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tion of domestic animals, although this will never lead
to complete eradication of the disease. The majority of
rabies cases are in wild rather than domestic animals,
at least in the United States (o Figure 23.36). There-
fore, eradication of rabies would require the immu-
nization or destruction of all wild animal reservoirs,
which includes such diverse species as raccoons, bats,
skunks, and foxes. Although oral rabies immunization
is practical and recommended for rabies control in lim-
ited animal populations, its efficacy is untested in
large, diverse animal populations.

If the reservoir is an insect (such as a mosquito in
the case of malaria), effective control of the disease can
be accomplished by eliminating the reservoir with
chemical insecticides or other lethal agents. However,
such use must be balanced with environmental con-
cerns about the use of toxic or carcinogenic chemicals—
in some cases the elimination of one public health prob-
lem only creates another. For example, the insecticide
dichlorodiphenyl trichloroethane (DDT)} (o> Figure
14.51) is very effective against mosquitoes and is cred-
ited with eradicating yellow fever and malaria in North
America. However, its use is currently banned in the
United States because of environmental concerns. DDT
is still widely used in many developing countries to
control mosquito-borne diseases.

When humans are the reservoir (for example,
AIDS), then control and eradication are much more
difficult, especially if there are asymptomatic carriers.

Controls directed against transmission
of the pathogen

If the organism is transmitted via food or water, then
public health procedures can be instituted either to
prevent contamination of these vehicles or to destroy
the pathogen in the vehicle. Water purification meth-
ods (@2 Section 23.15) have been responsible for dra-
matic reductions in the incidence of typhoid fever, and
the pasteurization of milk has helped in the control of
bovine tuberculosis in humans. Food protection laws
have been devised that greatly decrease the probabil-
ity of transmission of a number of enteric pathogens to
humans (@ Section 23.13). Transmission of respira-
torv pathogens is much more difficult to prevent.
Attempts at chemical disinfection of air have been
unsuccessful. In Japan, many individuals wear face
masks when they have upper respiratory infections to
prevent transmission to others, but such methods,
although effective, are voluntary, and would be diffi-
cult to institute as public health measures.

Vaccination

Immunization of the host has been the prime means by
which smallpox, diphtheria, tetanus, pertussis (whoop-
ing cough), and poliomyelitis have been controlled. As
we discussed in Section 22.6, 100% immunization is

not necessary in order to control the disease in a pop-
ulation, although the percentage needed to ensure dis

ease control varies with the virulence of the pathogen
and with the condition of the population (for example,

" crowding).

Over the past several decades, the proportion of
children vaccinated for diphtheria, tetanus, pertussis,
measles, mumps, rubella, and polio has been decreas-
ing, apparently because the public has become less

" fearful of contracting these diseases because of their

very low incidence in the population. However,
bécause none of these diseases has been eradicated
from the United States (indeed, the reservoir of
tetanus is the soil, and so it will never be eradicated},
and with a decrease in the proportion of individuals
immunized, the protection afforded by herd immu-
nity (see Section 22.6) can be overcome, and these
infectious diseases could reappear in epidemic form.
For example, Table 22.3 shows the vaccination rate for

measles in selected countries in the Americas. In the

United States, nearly 30,000 cases of measles were
reported in 1990 (< Section 23.4), but renewed
efforts to increase vaccination levels in preschool chil-
dren have reversed this alarming trend (3= Figure
23.19). Presumably, as the percentage of the immu-
nized preschool population approached 70% in the
United States, the benefits of herd immunity disap-

peared but have now been reestablished as the result

Infants immunized against measles
TABLE 22.3 N .
_ in the Americas (1990)°

Country Immunized (%)
Panama ) 99
Chile 98
Dominican Republic 96
Argentina 94
Cuba 94
Honduras 91
Bahamas 86
Costa Rica 85
Colombia 82
Uruguay 82
Belize 81
Nicaragua 81
Brazil 77
Paraguay 77
El Salvador . 75
Jamaica 74
United States 70
Guatemala ’ 68
Mexico 66
Peru 64
Venezuela 64
Ecuador 62
Bolivia 53
Hait 3

on

“Data are for children less than 2 years of age.
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of  aggressive immunization program. In countries
s s Haiti, measles remains a significant cause of
moroidity and mortality because of inadequate vacci-
nation standards.

Many adults are inadequately immunized to a vari-
ety of infectious agents, either because they received
low titer vaccines when they were children or because
their immunity has gradually disappeared with age. In
the United States, up to 80% of aduits may lack solid
immunity to important childhood diseases. When
these so-called childhood diseases occur in adults,they
can have severe effects. If a woman contracts rubella (a
viral disease) (9© Section 23.4) during pregnancy, the
unborn child can be seriously impaired. Measles and
polio are also much more serious diseases in adults
than in children.

All adults are advised to review their immuniza-
tion status, checking their medical records (if avail-
able} to ascertain dates of vaccinations. Tetanus vacci-
nations should be renewed at least every 10 years.
Surveys of adult populations have shown that more
than 10% of adults under the age of 40 and over 50%
of those over 60 are not protected. Measles immunity in
adults also needs to be reviewed. People born before
1957 probably had measles as children and are
immune. Those born after 1956 may have been vacci-

nated, but the effectiveness of early vaccines was vari--

a*" and solid immunity may not be present, espe-
| if the vaccine was given before 1 year of age.
ke . .ccination for polio is not recommended for adults
unless they are traveling to countries in Africa and
Asia where polio is still prevalent.

Vaccination practices and procedures have been
discussed in Section 20.17, and those for particular
infections will be discussed in Chapter 23.

Quarantine

Quarantine involves restricting the movement of indi-
viduals with active infections to prevent spread of dis-
ease to other members of the population. The time
limit of quarantine is the longest period of communi-
cability of the given disease. Quarantine must be done
in such a manner that the infected individual cannot
contact individuals who have not been exposed. Quar-
antine 1s not as severe a measure as strict isolation,
which is used for unusually infectious diseases in hos-
pital situations.

By international agreement, six diseases are con-
sidered quarantinable: smallpox, cholera, plague, yel-
low fever, typhoid fever, and relapsing fever. Although
smallpox has been eliminated from the world, quaran-
tine for the other five diseases is still mandated. Each
of them is considered a highly serious, particularly

unicable disease. Thus, it is essential to quaran-
ainfected individual for the period of communi-
cability.

LS
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Surveillance

Surveillance is the observation, recognition, and
reporting of diseases as they occur. The diseases that
are under surveillance in the United States are listed in

" Table 22.4. Note that several of the epidemic diseases

listed in Table 22.2 are not on the surveillance list.
Several diseases like influenza are, however, surveved
through regional laboratories that identify index
cases—those cases that exhibit new syndromes, charac-
teristics, or pathogens indicating high potential for
new epidemics.

CONCEPT CHECK 22.8

Food and water purity regulations, vector control,
vaccination, quarantine, and disease surveillance
are public health measures that play a major role in
reduction of disease incidence.

v’ Compare public measures for controlling infectious
disease caused by insect reservoirs and by human
carriers. :

v’ What public health methods can be used to halt the
spread of an epidemic disease once it has begun?

229
Global Health Considerations

The United States is typical of countries where public
health protection is highly developed. Other countries
with similar characteristics include Japan, Australia,
New Zealand, Israel, and the European countries.
However, only about one-quarter of the nearly 6 bil-
lion people in the world live in these developed coun-
tries. In quite another category as far as infectious dis-
ease is concerned are the developing countries, a
category that includes most of the countries in Africa,
Central and South America, and Asia. In these coun-
tries, infectious diseases are still major causes of death
(Figure 22.8). '

Infectious disease in developing countries

There is a sharp contrast in the degree of importance of
infectious diseases as causes of death in developing ver-
sus developed nations. In developing regions of the
world, infectious diseases account for about 40% of
deaths, whereas infectious diseases account for about
4% of deaths in developed regions (Figure 22.8}).
Diseases that were leading causes of death in the United
States nearly a century ago, such as tuberculosis and
gastroenteritis, are still leading causes of death in devel-
oping countries today (see Figures 22.8 and 1.18).
Furthermore, the majority of deaths due to infectious
disease in developing regions occur among infants and

ald
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Reportable infectious diseases in the United States

Diseases caused by Bacteria

Diseases caused by Bacteria (cont.)

Anthrax Syphilis

Botulism Tetanus

Brucellosis Toxic shock syndrome
Chancroid Tuberculosis

Chlamydia Tularemia

Cholera Typhoid fever
Diphtheria ‘ Diseases caused by viruses
Escherichia coli 0157:H7 Acquired immunodeficiency syndrome’
Gonorrhea (AIDS)

Granuloma inguinale Aseptic meningitis
Hagmophilus imfluenzae Hepatitis

Hansen disease (leprosy) Measles

Legionelosis Mumps

Leptosptuosts Poliomyeltis, paralytic
Lyme disease Rabies, animal

Lymphogranuloma venereum
Meningococcal infections
Murine typhus fever

Pertussis

Plague

Psittacosis

Rheumatic fever

Rocky Mountain spotted fever
Salmonellosis

Rabies, human
Rubella
Varicella (chicken pox)

Diseases caused by protozoa

Amebiasis
Malarna

Disease caused by a helminth

Trichinosis

Shigellosis

children. Thus, the average age of individuals dying as
a result of infectious diseases. in developing versus
developed countries is also dramatically different.
The distinct differences in the health status of peo-
ple in different regions of the world are due in part to
general nutritional deficiency in individuals in devel-
oping countries and to a lower overall standard of liv-
ing. As discussed in Section 19.12, factors such as
physical stress and diet play important roles in the
ability of the host to ward off infection. Thus, it is not
surprising that in developing countries death from
infection is about 10-fold more likely. In addition, the
generally lower levels of public health protection and
lack of economic resources for implementing wide-
spread vaccination and food and water purity pro-
- grams in developing countries make infection more
likely in the first place. Statistics on disease in devel-
oped countries show that control of many diseases is
possible. However, statistics on the worldwide inci-
dence of disease show that infectious disease remains
an important public health problem.

Travel to endemic areas

The high incidence of disease in many parts of the
world is also a concern for people traveling to such
areas. It is possible to be immunized against many of
the diseases that are endemic in foreign countries.
Some typical recommendations for immunization for
those traveling abroad are shown in Table 22.5. Many

foreign countries currently require immunization cer-
tificates for yellow fever, but most other immunizations
are recommended only for people who are expected to
be at high risk. There is also risk in many parts of the
world of exposure to diseases for which there is no
effective vaccine available. These include amebasis,
dengue fever, encephalitis, giardiasis, malara, and
typhus. Travelers are advised to take reasonable pre-
cautions such as avoiding insect and animal bites,
drinking only water that has been properly treated and
eating food properly stored and prepared, and under-
going chemotherapeutic programs when exposure is
suspected.

CONCEPT CHECK 22.9

Infectious diseases account for over one-third of all
deaths, worldwide. Control measures such as ade-
quate immunizations are important for maintaining
health, especially when traveling in developing
countries.

v’ Contrast the morbidity and mortality due to infec- g
tious diseases in developing and developed coun- 48
tries.

V' List a series of infectious diseases for which you '3
have not been immunized and with which you i
could come into contact next year. K.

240
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[ 3

Infectious diseases

Pennatal and

‘maternal diseases
Cthers

Malignancy
Accidents
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pulmonary
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Circulatory disease

(a) Developed countries

Others Tuberculosis

Accidents

Intectious

X disaases
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Chronic
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Perinatal disease
Maternal disease

{b) Developing countries

Figure 22.8 Leading causes of death in developed and
developing countries. Infectious diseases are shown in pink,
and noninfectious diseases are shown in blue. (a) Developed
countries. Of approximately 11.5 million deaths per year,
about 500,000 are attributed to infectious disease, with nearly
all deaths in this category due to pneumonia. (b) Developing
countries. Of approximately 38.5 million deaths per year,
about 17.5 million are attributed to infectious disease. Major
infectious disease categories are shown.

22.10

Emerging and Resurgent Infectious
Diseases

Infectious diseases are global health problems, and the
scope and focus of these problems are constantly
ging. In this section, we will examine some recent
ges in patterns of infectious disease outbreaks, the
reasons for the changing patterns, and the methods

used by epidemiologists to identify and deal with new
threats to public health.

The worldwide distribution of diseases can change
dramatically and rapidly. Aiterations in the pathogen, the
environment, or the host population can contribute to the
rapid spread of new diseases, with potential for high
morbidity and mortality among infected individuals. We
refer to diseases that suddenly become prevalent as
emerging diseases. Emerging infections are not limited to
“new” diseases but also include resurgence of diseases
thought to be controlled, especially as antibiotics become
less effective and public health systems fail. Some of the
most recent, dramatic examples of emerging and resur-
gent disease are shown in Figure 22.9 on a global scale.

The phenomenon of suddenly emerging diseases of
epidemic proportions is not new. Some of the diseases
that suddenly emerged into prominence in the past were
syphilis {caused by Treponema pallidunr) (o= Section 23.6)
and plague (caused by Yersinia pestis) (<> Section 23.12).
In the Middle Ages, up to one-third of all living humans
were killed by the plague epidemics that swept Europe,
Asia, and Africa. More recently, influenza (= Section
23.4) became a major public health threat in the early
part of the twentieth century. In the 1980s, legionel-
losis (caused by Legionella pneumophila) (<= Section
23.2), acquired immunodeficiency syndrome (AIDS)
(©o Section 23.7), and Lyme disease (=© Section 23.10)
became major epidemic diseases.

Emergence factors

Some factors responsibie for the emergence of new
pathogens are (1) human demographics and behavior,
(2) technology and industry, (3) economic development
and land use, (4) international travel and commerce, (5)
microbial adaptation- and change, (6) breakdown of
public health measures, and (7) abnormal naturai occur-
rences that upset the usual host-pathogen balance.

The demographics of human populations have
changed dramatically in the last two centuries. In 1800,
less than 2% of the world’s population lived in urban
areas. By contrast, today nearly one-half of the world’s
population lives in cities. The numbers, sizes, and
population densities of modern urban centers make
disease transmission much easier. For example,
dengue fever (Flgure 22.9 and Table 22.6) is now rec-
ognized as a serious hemorrhagic disease in trop;cal
cities, largely because of the spread of dengue virus by
the mosquito Aedes aegypti. The disease now spreads
as an epidemic in tropical urban areas. Prior to 1950,
dengue fever was rare, presumably because the virus
was not easily spread -among a more dispersed,
smaller population.

- Human behavior, especially in large population cen-
ters, also contributes to disease spread. For example,
sexual promiscuity and the use of injectable drugs,
centered mainly in large urban areas, have been a

Al
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I

ILUIN VPN Immunizations required or recommended for travel to developing countries®

Disease

Destination

Recommendation

Cholera

Yellow fever

Plague
Infectious hepatitis (A}

Serum hepatitis (B)

Typhod fever ™

Many central African nations, India,
Pakistan, South Korea, Albaria, Malta,
endemic areas in South America

Tropical and subtropical countries,
worldwide

Mostly rural mountainous and upland
areas of Africa, Asia, and South America

Specific tropical areas and many
developing countries

Africa, Indochuna, eastern and southern
Europe, countries iy the former

Soviet Union, Central and South America

Many African, Asian, Central and

Vaccination recommended if entering
from or continuing to endemic areas

Vaccination often required for entry; or if
entering from or continuing to enderc
areas

Vaccination recommended 1f direct contact
with rodents is anticipated
Vaccination recommended

Vaccination recommended

Vaccination recommended

South American countries

*Current Health Information for International Travelers, U.S. Department of Health and Human Services,
Vaccinations are also recommended for diphthena, pertussis, tetanus, polio, measles, mumps, and rubella. Most U S. citizens are alreadv immu-

nized through normal immunization practices.

major contributing factor to the spread of AIDS and
hepatitis (Table 22.6; c© Sections 23.6 and 23.7).
Although technological advances and industrial
development have had a generally positive impact on
living standards worldwide, in some cases these
advances have contributed to the spread of diseases.
For example, one of the chief technological advances

of the twentieth century has been in the health care’

area. However, as we noted in Section 22.7, the health
care environment, especially in hospitals, has resulted
in an explosive increase in nosocomial infections. For
example, during the 1980s there was a threefold rise in
hospital-associated bacteremias in the United States
{see Section 22.7 and Figure 22.7). Antibiotic resistance
in microorganisms is another negative outcome of
modern health care practices; vancomycin-resistant

Figure 22.9 Recent outbreaks of emerging and resurgent infectious diseases on a global scale.
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Some emerging and resurgent infectious diseases

923

Agent

Disease and symptoms

Mode of transmission

Cause(s) of emergence

Bacteria, Rickettsias, and Chlamydias

Borrelin burgdorferi
Campylobacter jepuni

Chlamydia trachomatis

Escherichia coli O157:H7
Haemophilus influenzae
bicgroup aegyptus
Helicobacter pylori
Legionella pneumaephila
Mycobacterium tuberculosis
Staphylococcus aureus
Streptococcus pyagenes

Vibrio cholerae

Viruses
Dengue

Filoviruses
(Marburg, Ebola)
Hantaviruses

- Hepahts B

Hepatitis C

Hepantis E

Human immuno-
deficiency viruses:
HIV-1 and HJV-2

Lyme disease: rash, fever,
neurological and cardiac ~
abnormalities, arthritis

Campylobacter enteritis:
abdominal pain, diarrhea,
fever

Trachoma, genital infections,
conjunctivitis, infant pneumorua

Hemorrhagic colitis;
thrombocytopenia; hemolytic
uremic syndrome

Brazilian purpuric fever:
purulent conjunctivitis,
fever, vomiting

Gastritis, peptic ulcers,
possibly stomach cancer
5 -J

Legionnaires’ disease: malaise,
myalgia, fever, headache,
respiratory iliness

Tuberculosis: cough, weight loss,
lung lesions; infection can
spread to other organ systems

Abscesses, pneumorua,
endocarditis, toxic shock

Scarlet fever, rheumatic
fever, toxic shock

Cholera: severe diarrhea,
rapid dehydration

Hemorrhagic fever

Fulminant, high mortality,
hemorrhagic fever

Abdominal pain, vorniting,
hemorrhagic fever

Nausea, vomiting, jaundice;
chronic infection leads to
hepatocellular carcinoma and
currhosis

Nausea, vomiting, jaundice;
chronic indfection leads to
hepatocellular carcinoma
and cirrhosis .

Fever, abdominal pain,
jaundice

HIV disease, including
AIDS: severe immune
system dysfunction,
opportunistic infections

7

Bite of infective fxodes tick

Ingestion of contaminated food,
water, or milk; fecal-oral spread
from infected person or animal

Sexual intercourse

Ingestion of contaminated food,
especially undercooked beef
and raw milk

Discharges of infected persons;
flies are suspected vectors

Contaminated food or water,
especially unpasteurized miik;
contact with infected pets

Aur-cooling systems, water
supplies

Sputum droplets (exhaled
through a cough or sneeze)
of a person with active disease

Contact with the organism
i a purulent lesion or on
the hands

Direct contact with infected
persons or carriers, ingestion
of contaminated foods

Water contaminated with the
feces of infected persons; food
exposed to contaminated water

Bite of an infected mosquito
(primarily Aedes asgypt1)

Direct contact with infected
blood, organs, secretions,
and semen

Inhalation of aerosolized
rodent urine and feces

Contact with saliva,
semen, blood, or vaginal
fluids of an infected person;
maode of transmission to
children not known

Exposure (percutaneous) to
contarunated blood or plasma;
sexual transmission

Contaminated water

Sexual contact with
or exposure to blood or
tissues of an infected
person; vertical transmission

Increase in deer and human
populations in wooded areas

Increased recogration;

consumption of undercooked
poultry

Increased sexual activity;
changes in sanitation

Development of a new pathogen

Possible mcrease in virulence
due to mutation

Increased recognition
Recognition 1n an epidemic
situation

Immunosuppression,
immunodeficiency

Recognition in an epidemic
situation; possibly mutation

Change in virulence of the

bacteria; possibly mutation

Poor sanitation and hygiene;
possibly introduced via bilge
water from cargo ships

Poor mosquito control;
increased urbaruzation in
tropics; increased air travel

Unknown; it Europe and
the United States, virus-infected
monkeys shipped from
developing countries via air

Human intrusion into virus
ecological ruche

Probably increased sexual
activity and intravenous drug
abuse; transfusion (before 1978)

Recognition through molecular
virology applications; blood
transfusion practices, especially

_in Japan

Newly recognized

Urbanization; changes in lifestyle
or mores; increased intravenous
drug use; international travel;
medical technology (transfusions
and transplants)

a3
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Agent

Disease and symptoms

Mode of transmission

Cause(s) of emergence

Viruses {cont.)

Human papillomavirus

Human T-cell
lymphotrophic
viruses (HTLV-1 and
HTLV-II}

Influenza pandemic
Lassa

Measles .

Norwalk and i
Norwalk-like agents

Rabies

Rift Valley
Rotavirus

Venezuelan
equine encephalitis
Yellow fever

Protozoa and Fungi
Candida

Cryptococeus

Cryptosporidium

Giardia lamblia
Microspondia.
Plasmodium

Preumnocystis carinii

Toxoplasma gondii

Skin and mucous membrane
lesions {often, warts); strongly
linked to cancer of the
cervix and penis

Leukemuas and lymphomas

Fever, headache, cough,
pneumonia

Fever, headache, sore throat,
nausea

Fever, conjunctivitis, cough,
red blotchy rash

‘Gastroenteritis; epidemié-
diarrhea

Acute viral encephalomyelitis

Febrile illness

Enteritis: diarrhea, vomiting,
dehydration, and low grade
fever

Encephalitis

Fever, headache, muscle
pain, nausea, vomiting

Candidiasis: fungal
infections of the
gastrointestinal tract,
vagina, and oral cavity

Meningitis; sometimes
infections of the lungs,
kidneys, prostate, Liver

Cryptosporidiesis: infection
of epithelial cells in the
gastrointestinal and
respiratory tracts

Giardiasis: infection of
the upper small intestine,
diarrhea, bloating -

Gastrointestinal illness,
diarrhea; wasting in

.immunosuppressed persons

Malaria

Acute pneumonia
Toxoplasmeosis: fever,

lymphadenopathy,
lymphocytosis

Direct contact (sexual
contact or contact with
contaminated surfaces)

Vertical transmission
through blood or breast milk;
exposure to contaminated
blood products; sexual
transmission

Airborne; especially in
crowded, enclosed spaces

Contact with urine or
feces of infected rodents

Airborne, direct contact
with respiratory secretions
of infected persons

Most likely fecal-oral;
vehicles may mnclude
drinking and swimming
water, and uncooked foods

Bite of a rabid animal

Bite of an infective mosquito

Primarily fecal-oral;
fecal-respiratory
transmission can also eccur

Bite of an infective mosquito

Bite of an infective
mosquito (Aedes aegypt)

Endogenous flora;
contact with secretions
or excretions from
infected persons

‘Inhalation

Fecal-oral, person to
person, waterborne

Ingestion of fecaily
contarmunated food
or water

Unknown; probably
ingestion of fecally
contaminated food or water

Bite of an infective

Anopheles mosquito

Unknowny; possibly reacti-
vation of latent infection

Exposure to feces of cats
carrying the protozoan;
sometimes foodborne

Newly recognized; perhaps
changes in sexual lifestyle

Increased intravenous drug
abuse; medical technology
(transfusion and transplantation}

Animai-human virus
reassortment, antigenic shift

Urbanization and conditions
favoring infestation by rodents

Deterioration of public health
infrastructure supporting
immunization

Increased recognution

Introduction of infected host
reservolr to new areas

Importation of infected mosquitoes
and/or animals; development
(dams, irngation)

Increased recognition

Movement of mosquitoes and
hosts {horses)

Lack of effective mosquito control
and widespread vaccination;
urbanization 1n tropics; increased
air travel

Immunosuppression; medical
management (catheters),
antibiotic use

Immunosuppression

Development near watershed
areas; immunosuppression

Inadeguate control in some water
supply systems, immunosuppres-
sion; ternational travel

Immunosuppression; recognition

Urbanization; changing parasite
biclogy; environmental changes;
drug resistance; air travel

Immunosuppression

Immunosuppression; increase in
cats as pets

QY
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enterococci and multiple-drug-resistant Streptococcus
‘umoniae have become important emerging diseases,
pecially in developed countries.

Transportation, bulk processing, and central distri-
bution methods have become an important factor for
quality assurance and economy in the food industry.
However, these same factors can increase the potential
for common-source epidemics when sanitation mea-
sures fail. For example,"a single meat processing plant
spread Escherichia coli O157:H7 (Table 22.6) to at least
500 individuals in four states in the United States.
Finaily, the food source, ground beef, was recalled and
the epidemic was curtailed, but not before several peo-
ple died (< Section 23.13).

Economic development and changes in land use also
have potential implications for promoting disease
spread, For example, Rift Valley fever, a mosquito-
borne viral infection, has been on the increase since
completion of the Aswan High Dam in Egypt in 1970.
The dam created 2 million acres of flooded land, which
dramatically increased mosquito breeding grounds at

_the edge of the new reservoir. The first major epidemic
of Rift Valley fever occurred in Egypt in 1977 when an
estimated 200,000 people became ill and 598 died.
Several epidemic outbreaks have occurred since then
including a major outbreak in 1993 (Figure 22.9), and
the disease has become endemic near the reservoir. .

Lyme disease, the most common vector-borne dis-

e in the United States, is probably on the rise

-ause of changes in land use. Reforestation and the

concomitant increase in the numbers of deer {the nat-
ural host for the disease-producing Borrelia burgdorfert)
have resulted in greater numbers of infected ticks, the
arthropod vector (<o Section 23.10). In addition,
increasing numbers of people are building homes and
pursuing recreational activities in and near forests,
resulting in increased contact between the infected
ticks and humans and, consequently, increased disease.

International travel and commerce can also affect the
spread of pathogens. For example, filoviruses (Filovi-
ridae), a group of ribonucleic acid {(RNA) viruses,
(oo Section 8.16), cause fevers culminating in hemor-
rhagic disease in infected hosts. These diseases,
because of their viral origin, are not treatable. They
generally have a mortality rate higher than 20%. Most
outbreaks of these diseases have been restricted to
equatorial central Africa, where the still-unidentified
natural hosts and vectors undoubtedly live (Figure
22.9). Travel of potential hosts to or from endemic
areas is usually implicated in disease transmission. For
example, one of these viruses was imported into
Marburg, Germany, with a shipment of African green
monkeys, a species used for laboratory work. The
virus quickly spread from the primate vector to some
" *he human handlers. Twenty-five people were ini-

v infected, and six more developed disease as a
«-ult of contact with the human cases. Seven people
died in this outbreak of what came to be known as the

Marburg virus. Another shipment of laboratory mon-
keys brought a filovirus to the United States. At least
four individuals who worked with the imported mon-
keys were infected with what is now called the Reston

-virus (named for Reston, Virginia, the site of the out-

break). The Reston virus was highly contagious and
spread through the monkeys, presumably by a respira-
tory route. However, only four humans were infected
and none developed clinical disease. Fortunately, this
virus did not cause significant human disease. These
two filoviruses are closely related to the Ebola virus
(Table 22.6 and Figure 22.9). Recent Ebola outbreaks in
central Africa, characterized by mortality rates of
greater than 50%, have again underscored the existence
of highly virulent human pathogens for which there is
little or no immunity. These pathogens could poten-
tially be disseminated via air travel throughout the
world 1n a matter of days. A single agent that combines
the highly contagious respiratory transmission route of
the Reston virus and the high mortality rate of the Ebola
virus could start a major pandemic that could devastate
population centers worldwide in a matter of weeks,
Microbial adaptation and change also contribute to
pathogen emergence. For example, nearly all RNA
viruses, including influenza and human immunedefi-
ciency virus (HIV), undergo genetic mutations. Hepa-
titis B virus, a deoxyribonucleic acid (DNA} virus
known for rapidly mutating, also uses reverse tran-
scriptase to replicate (©o Section 8.14). These viruses
lack correction mechanisms for replication steps, and
so they incorporate genomic mutations at an extremely
high rate compared to most DNA viruses. RNA viruses
are considered to be major epidemiological problems
because of their constantly changing genomes.
Bacteria also have genetic ‘mechanisms that en-
hance virulence and promote emergence of new epi-
demics. One group of virulence-enhancing mecharusms

" are the mobile geretic elements: bacteriophages, plas-

mids, and transpeosons (@2 Sections 8.7, 9.8, and 9.1C,
respectively). Table 22 7 shows some representative vir-
ulence factors that are carried on these mobile genetic
elements and contribute to pathogen emergence.

Antibiotic resistance is also a major factor in bacte-
rial pathogen resurgence (o Section 11.13). Drug resis-
tance is also a factor for virus emergence. Although
several drugs are effective against certain viral diseases
(oo Section 11.11), resistance to these drugs is very
common, especially among the RNA viruses. For
example, most strains of HIV develop resistance to azi-
dothymidine very rapidly unless it is used in combina-
tion with other drugs (oo Section 23.7).

A breakdown of public health measures is sometimes
responsible for the emergence or resurgence of dis-
eases. For instance, cholera (caused by Vibrio cholerae)
(see Figure 22.9 and Section 23.14) can be adequately
controlled, even in endemic areas, by providing proper
sanitation, especially for water sources. However, con-
taminated municipal water supplies in Peru led to a

205
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Virulence factors encoded by bacteriophages, plasmids, and transposons

_ Genetic element Organism

Virulence factors

Bacteriophage Streptococcus pyogenes
Escherichia coli

Staphylococcus aureiis

Clostridium botulinum
Corynebacterium diphtheriae

Plasmud Escherichia colt

Bacillus anthracis

Yersinia pestis
Transposon Escherichua coli
Stugella dysenteriae
Vibrio cholerae

Erythrogenic toxin

Shiga-like toxin

Enterotoxins A, D, E, staphylokinase, toxic shock
syndrome toxin-1 (TS5T-1}

Neurotoxins C, D, E

Diphtheria toxin

Enterotoxins, pili colonization factor, hemolysin, urease,
serum resistance factor, adherence factors, cell invasion
factors

Edema factor, lethal factor, protective antigen, poly-D-
glutamic acid capsule

Coagulase, fibrinolysin, murine toxan

Heat-stable enterotoxins, aerobachn ﬂderophores
hemolysin and pili operons

Shiga toxin

Cholera toxin

major cholera pandemic, involving nearly 400,000
people by ‘1991, with almost 4000 deaths. In another
case, the municipal water supply of Milwaukee,
Wisconsin, was contaminated with the chlorine-resis-
tant protozoan Cryptosporidium in 1993, The contamina-
tion resulted in 370,000 cases of intestinal disease, 4000
of which required hospitalization. More effective treat-
ment procedures including enhanced filtration systems
were required to rid the water supply of the pathogen.

Inadequate public vaccination programs are an
important potential reason for the resurgence of some
previously controlled diseases. For example, recent out-
breaks of diphtheria (caused by Corynebacterium diphthe-
riae) {see Figure 22.9 and Section 23.2) in the former Soviet
Union are the result of inadequate immunization of sus-
ceptible children resuiting from the breakdown of the for-
merly centralized public health infrastructure. Pertussis,
another vaccine-preventable childhood respiratory dis-
ease {(caused by Bordetella pertussis) (see Figure 22.9 and
Section 23.2), has increased recently in the United States
because of inadequate immunization and record keeping.
As we mentioned in Section 22.8, the incidence of measles
was also on the rise in the United States owing to a lack of
effective, timely vaccination programs.

Finally, abnormal natural occurrences such as rapid
environmental changes sometimes upset the usual
host-pathogen balance. For example, hantavirus is a
well-known human pathogen that occurs in many
rodent populations, even in laboratory animals. Over
the last decade, several isolated cases of hantavirus
infection have occurred in laboratory animal handlers.
However, a number of lethal cases of hantavirus infec-
tion were reported in 1993 in the American Southwest
and were linked to exposure to wild animal drop-
pings. Abundant rainfall and a long growing season,
coupled with a mild winter, caused a tremendous
increase in the number of mice in 1993. Virtually
evervone who acquired the hantavirus infection had

been exposed to rodents or their droppings. Thus,
increased human contact with the larger-than-normal
mouse population resulted in propagation and trans- |
fer of a deadly virus to a large number of human hosts,
all because of abnormally mild weather conditions.

Addressing emerging diseases

Many of the emerging diseases we have discussed are‘
absent from the official notifiable disease list for the
United States (Table 22.4). How then do public health
officials define and deal with emerging diseases to pre-
vent major epidemics? The key features for addressing
emerging diseases are recognition of the disease and
intervention to prevent spread of the disease.

The first step in disease recognition is surveillance:
Epidemic diseases that exhibit particular clinical syn-
dromes warrant intensive public health surveillance.
These syndromes are (1} acute respiratory diseases,
(2) encephalitis and aseptic meningitis, (3) hemorrhagic
fever, (4) acute diarrhea, (5) clusterings of high fever
cases, (6) unusual clusterings of any disease or deaths,
and (7) resistance to common drugs or treatment. Thus,
new diseases are recognized because of their epidemic
incidence, clusterings, and syndromes. As the preva-
lence and pathology of an emerging disease are recog-
nized, it is added to the notifiable disease list. For.
example, AIDS was recognized as a disease in 1981 and
was added to the notifiable disease list in 1984. Lyme
disease was first recognized as a separate clinical dis-
ease in the 1980s and added to the notifiable disease list
in 1991. Likewise, outbreaks of gastriontestinal disease
due to enteropathogenic Escherchia coli O157:H7 have
been increasing in recent years, and the strain was
added to the notifiable disease list in 1993.

Intervention to prevent spread of emerging infec-‘

" tions must be a public health response involving

a variety of methods. General strategies such as

AR




strengthemng the public health system and support-
ing research and training are useful, but disease-spe-

cific intervention is the key to controlling individual -

outbreaks. Public health methods such as vector con-
trol and quarantine were discussed in Section 22.8. In
addition, intervention must include drug and vaccine
development (co Sections 12.5 and 20.17) to prevent
and treat specific diseases. Finally, a number of the
emerging diseases are propagated in nonhuman hosts,
or vectors. We must identify the alternate hosts and
vectors and develop means to intervene in the life
cycle of the pathogen to prevent disease propagation.

In the following chapter, we will examine a num-
ber of infectious diseases, including several emerging
and resurgent diseases. We will define their individual
effects on the host and identify specific intervention
strategies,

Application Questions 927

CONCEPT CHECK 22.10

Emerging and resurgent diseases are of major global
concern. Changes in host, vector, or pathogen con-
ditions, whether natural or artificial, can result in
conditions that encourage the explosive emergence
of certain infectious diseases. Global surveillance
and intervention programs must be maintained and
enhanced to prevent major new epidemics and pan-
demics.

v What factors are important n the emergence or
resurgence of potential pathogens?

V' Indicate general and specific methods that would be
useful for dealing with perceived and actual emerg-
ing infectious diseases.

Material for Review

REVIEW QUESTIONS

1. What are the most common causes of death due to infec-
tious diseases throughout the world?

2. Describe the stages involved in a typical infectious dis-
ease in which the host recovers.

3. Explain the difference between a chronic carrier and an

acute carrier of an infectious disease.

4. Identify the major risk factors for acquirng human
immunodeficiency virus (HIV) infection. Does this indi-
cate a common-source or a host-to-host epidemic?

5. Give examples of host-to-host transmission of disease
via direct contact. Also give examples of indirect host-
to-host transmission of disease.

6. Some diseases produce high mortality on introduction
to a susceptible population, but after time these diseases

APPLICATION QUESTIONS

1. How would an epidemiologist acquire data concerning
a potential common-source epidemic? What resources
are currently at the epidemiologist’s disposal and what
resources must be enhanced to better define serious
infectious disease outbreaks?

&

. If an infectious disease causes high mortality, then mor-
bidity may be quite low. On the other hand, diseases
characterized by high morbidity often induce very low
mortality. Explain these statements and present exam-
ples to support your explanation. Can you identify any
infectious diseases that do not fit these generalizations?

3. Smallpox, a disease that was limited to humans, was
eradicated. Plague, a disease with a zoonotic reservoir

usually generate much lower mortahty. Explamn this
phenomenon.

7. Hospitals are particularly hazardous environments for
the spread of infectious diseases Review the reasons for
the enhanced spread of infection in hospitals.

8. Many factors that can control the spread of infection are
important considerations for public health personnel.
Describe the major methods used to control the spread
of infectious diseases.

9. Compare the role of infectious diseases on mortality in
developed and developing countries.

10. Review the major reasons for the emergence of new
infectious diseases. Review the major methods available
for controlling the emergence of new infectious diseases.

in rodents (Table 22.2) will never be eradicated. Explain
this statement and why vou agree or don't agree with
the possibility of eradicating plague. Could vou eradi-
cate plague in limited environments {that 1s, individual
cities)? Why or why not?

4. Acquired immunodeficiency syndrome (AIDS) trans-
mission is considered to be persen to person. How did
epidemiologists determine this fact? AID5 is a candidate
for a disease that can be eliminated because it is propa-
gated by person-to-person contact and there are no -
known animal reservoirs. Design a program for elimi-
nating AIDS in a developed countrv and in a developing
country. How would these programs differ from one

22 F
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;CUALES SON LOS. COMPONENTES
DE LA EVALUACION DE RIESGOS?

-0 Id.entificacién del Peligro

® Evaluacion Dosis-Respuesta
® Evaluacion de la Exposicion Humana

® Caracterizacion del Riesgo
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IDENTIFICACION DEL PELIGRO

O Revisar y analizar datos de toxicidad

O Sopesar la evidencia de que una
sustancia produce varios efectos toxicos

O Evaluar si los efectos téxicos de un lugar
pueden ocurrir en otros sitios
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" EVIDENCIA EN HUMANOS

Suficiente
- Limitada

Inadecuada
No hay datos
No hay evidencia
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Estudios de Toxicidad en Animales

Se fundamentan en el hecho de que en
algunos casos, los efectos en humanos
pueden inferirse de los efectos observados

en estudios en animales de laboratorio
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IDENTIFICACION DEL PELIGRO

Propodsito de obtener y evaluar informacion relacionada
con propiedades toxicas inherentes a cada sustancia
(potencial para causar dano biolégico, enfermedad o
muerte), bajo ciertas condiciones de exposicion. =

Informacion recolectada se origina en cuatro fuentes
principales:

1)
2)

3)
4)

Estudios epldemlologlcos

Estudios en modelos expenmentales en animal
integro.

Pruebas de corta duracion in vitro.

Estudio de las relaciones



FUENTES DE DATOS DE TOXICIDAD

Estudios en Humanos Estudios en animales

Estudios de toxicidad general
® Agudos
® Cronicos

Reportes de casos
Estudios epidemiolbgicos
¢ Transversal

¢ Casos y Controles . o
® Cohorte Estudios de toxicidad

especializados
® Teratogenicidad
¢ Mutagenicidad

Estudios in vitro

® Microbioldgicos
® En células de mamiferos
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ALGUNOS TIPOS DE ESTUDIOS DE TOXICIDAD. .

i

Tipo de :
estudio - | Periodo de exposicién Propésito
Agudo Usualmente una dosis tnica Determinar {a dosis letal
Identificar 6rganos que pueden ser objetivos
potenciales
Indicar toxicidad comparativa
Subcrénico Dosis repetidas durante varias Identificar 6rganos o sistemas que puedan ser
semanas danados y el nivel de exposicion en el cual no
se observen efectos adversos '
Cronico Dosis repetidas durante la Identificar anormalidades y/o enfermedades
mayor parte del ciclo de vida que pueden ser producidas por sustancias y
caracterizar las condiciones de exposicidén y la
dosis para producir formas especificas de
dano o enfermedad
Metabdlico y Dosis Unica o repetida, Identificar las caracteristicas de la absorcién,

farmacocinético

usuaimente durante cortos
periodos

distribucién y eliminacién de una sustancia
en el organismo e identificar los procesos
metabdlicos que la afectan
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Identificacion del Peligro

Validez y significado de la informacion toxicolégica

Solidez C|ent|f|ca de la ewdenma de que una sustancia
causa efectos toxicos |

Probabilidad de que los efectos observados en la
poblacion X puedan ocurrir en la poblacion Y
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E 1 baile es un gjercicio
saludable, pero cuando es
violento y de larga duracion
en una habitacion abarrotada,
puede ser peligroso y ha
acelerado la muerte de
mucha gente joven

Dr. A. Murray
1826
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LD,, ORAL IN RATAS PARA
DIFERENTES SUSTANCIAS QUIMICAS

Sustancia LD, (mg/kg)
Sacarosa azicar de mesa) 25,700.
Alcohol etilico . 14,000
Cloruro de sodio (sal comiin) ' 3,000
Vitamina A 2,000
Vainillina : 1,580
Aspirina ‘ 1,000
Cloroformo 800
Sulfato de cobre 300
Cafeina 192
Fenobarbital, sal de sodio - 162
DDT 113
Nitrito de Sodio . 85
Nicotina 53
Aflatoxina Bl 7
Cianuro de sodio | 6.4
Estricnina _ 23



EVALUACION DOSIS-RESPUESTA

-Se lleva a cabo para estimar la frecuencia del efecto
adverso como una funci