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EFFECT OF MICROBES ON
HUMAN HEALTH

r or 5IMS CVOolY 1Cro WOI d l 1rom |)(',|. eclive ()I IMICrOOrganisms,
nghc O gdn' ms ¢ OI Cd mnam bl(ll l . lhe Sp ( lg
|Jla|l S & I(i ant Igll.'g I sent III()”I()I environment to ¢ l()llllc. HII.IS 1118, not .'allll) tsing
il 0 ’ .
Cpl c! H (] .
t b b Wc“ 50 h r antm ]5 and 1nLs ve i d verse C()|1|l]1l|n|ty ()l n'“(-l()hl.'\
Hik plt L ) hd 1
thd.. hum«.ln , A8 il ther a . i
g‘ on (I n ;()l (!i 5 58 b I hcnc‘ (,ldl Or even neces-
]lV hc C pll. b CngCF. are normai, 1 . O v
n dand | 1CIm. mne L
\ry ( g rhll( a4 1n some pld & N ||.|l 5 cgl « ¢! b < L
54l eg., I 50 nts Ccl 0sc d "Iddc[\ n anim l‘\ SUCh 15 termiles o (l
fulnln‘ln[.\), thrcﬂh ()thlS are dbﬂ()ll“d], ihllmlul, Or cven [dt‘ll.

12.1 MICROBIAL COLONIZATION OF HUMANS
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Your body is the mobile, warm-b ' cean’ ‘ peortne
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across your skin, hide in the crevices of your mouth and nose, and follow your Toc
:;lartl lo finish. Their presence is not just normal, but hc.lptul OF cven ncu?s:lmrﬁ.lm(mmP
l The life-style of these microorganisms is often described as a commniensi FFL-‘ \x-“ﬁ,)!c
in which they are tolerated by or even offer certain benefits to their host. | 0]1 z,mt(““c\l
miercbes are commonly found within the human intestinal tract, where tf‘uey he [-)'bonqi-ih
some foods and produce essential nutrients such as vitwming B, K, thiamin, riboll:

and pyroxidine.
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Pechaps even more important, the skin's normal biota actually offers a protective elfect
known as colonization resistance, which clfectively safeguards the body against a hostile
takeover by pathogenic (discase-causing) microbes, This effect can readily be appre-
ciated during those periods when broad-spectrum antibiotics are used to combat 2 disease.
The assoeialed stress imposed on a body’s normal biota can then lead to invasion by
opporiunistic, abnormal microbes (e.g., cxcessive growths of fungi such as Candida),
which may lead to secondlary health problems.

‘The composition of the human-associated microbial community will vary to some
extent from one person Lo (he next, and to some degree may also change with time. How-
ever, Table 12,1 provides a hasic overview of the common locations and examples of the
makeup of this normal microbial biota.

1211 Abnormal Microbial Infection

Although the vast majority of mierobes pose no threat whatsoever 1o human health, there
are many forms (hat arc outright hazards. The importance of the infectious diseases they
cuuse is demonstrated by the rates of mortality (death) to which they can be linked. Even
today, infectious disease is the world’s leading cause of death, with fatalities exceeding 15
million per year {(Figure 12.1). Rates of overal] morbidity (illness, both fata] and nonfatal)
are of course much higher and have a tremendous impact on the world's cconomy and
cach persen's quality of life.

Respiratory and gastrointestinal diseases account for over half of these deaths. It is also
sad to note that the majority of these deaths are of children below the age of 5 (the criter-
ion used for infant mortality). Underdeveloped or developing countries are most heavily
hit. Within industrialized countries such as the United States, for instance, the infant mor-
lality rates fall below 1%, but these figures skyrocket to nearly 10% in developing countries
and to more than 15% in the world’s least developed countries, Furthermore, about half of
the world’s population is considered to be at risk to a wide range of infectious discases,

Indeed, within the past millennia, microbial disease has proven o be a formidahle
adversary, one that has the potential to decimate the human population if left uncheeked.
During the Middle Ages and extending into the ninetecnth century, diseases such as bubo-
nic plague, cholera, and typhoid swept through Europe, causing massive mortality. The
influenza pandemic at the end of World War I, for example, killed more people than
the war jtsclf,

Microorganisms are ubiquitous on and within the bodies of virtually all higher life-
forms {excluding those raised in laboratories under special “germ-free” eonditions),
ind for the most part they are innocuous for their host (lhe organism that SUppoIts
them). However, abnormal profiferation of indigenous microbes, or invasion from an
externad source, ean lead to discase, Most of the important problems are infectious in nat-
ure, being spread hy the dissemination of viable, pathogenic cells from one host to another
by cither direct or indirect means. In many instances, pathogenic microbial agents may
ilso subsist within an environmental reservoir, lingering in wait for an opportunity 1o
ssert their influence,

A parasite js an organism that lives in a close relationship with another organism, ben-
eliling at the expense of its host, Pathogens are thug parasites that do enough harm to their
host 1o result in discase. However, it is also common to call disease-produeing viruses,

bacteria, and fungi pathogens, while referring (o infective protozoans and worms ag
Parasites,
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TABLE 12.1 Examples of Nermal Microbial Biota of Human

Body Regions”

Region

Examples

Skin

Nose, nasopharynx, and sinuses

Mouth and throat

Lower respiratory tract
Stomach (pH ~2)

Small intestine (plf ~ 4-5)

Large intestine (colon) (pH ~7)

Urcthra

Vagina

Acinetobacter
Corynebacterinm
Propionibacteriun acties
Staphylococens aureus
Staphyfococeus epidermidis
Streptocovcns

Haemophitus

Neisseria

Staphylococes aureus
Staphylococeus epidermidis
Streptococcus predmoniae
Streptococcis pyogenes
Corynebacterinm
Fusobocterivum

Neisserid

Staphylococeuy epidermidis
Streptococcus mitis

S. salivarius

Treponeme

Normally, lew microorganisms
Helicobacter pylovi
Lactobacithis

Enterococcus
Lactobacillus

Bucterondes

Clostridium

Enterococcus faecaliy
Escherichia col
Exbacterium

Lactobacillus

Escherichia coli

Proteus mirabiliy

Candida (yeast)
Excherichie coli
Lactebacillus acidophilus
Streprococens

“ANl are bucterin, cxcept Condida, a fungus.

The Germ Theory of Disease and Koch’s Postulates  We now mk.c for granted thit
infectious diseases are caused by microbes, but his is actually a rclatl.vcly new conccpll.
Although Lecuwenhoek (Seetion 10.2.1} had first obscrvcd.mlcrobc.s in lhc scvcnmlcslﬁll
century, they were generally thought to be too smatl and umm]l)orlnnl lo.altccl the |11L|‘.l !
of higher organisins. In the early nineteenth century, fungal dlS(?ﬂSES of plants unc' -“”tl
animals (silkworms) were first recognized. When Pasteur (Sccuon l().?.2) §umm‘.3u/x‘ti
his findings on the germ theory of disease in 1862, and re{crn?d to microbially uus:,
spoilage as *diseases” of wine and beer, this influenced Engh.s:hman Jloseph qum\
theorize that surgical wound infections might be ihe result of bacterial growth,
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Figure 12.1 Infectious diseases with annual global mertalities of at least 100,000,

development of antiseptic surgical techniques in 1864 succeeded in greatly reducing the
numiber of such often fatal outcomes. In 1873, Norwegian physician Gerhard Henrik
Armauer Hansen, who oversaw a leper hospital, proposed that a specific bacterium
tow called Mycobacterium leprae) was responsible for leprosy.

However, it was not until the definitive work of German Robert Koch (Figure 12.2) in
[876 that bacteria were proven lo be agents of disease. About 10 years cwtier, C, I
Davaine and others had shown that rod-shaped bacteria were present in the blood of ani-
mals suffering from anthrax (an important disease of animals, occasionally transmitied to
hunians), bul not in that of healthy animals, and that an injection of infected blood would
cause anthrax in previously uninfected animals. Koch provided the final proof of the bac-
terial etiology (causation) of anthrax by isolating the organism {now called Bacillus
antlracis), growing it in pure culture in the laboratory, and injecting it into healthy
mice, which then developed anthrax.

Koch was thus the first to meet the criteria for proving the causative relationship
helween a microorganism and a specific disease, as proposed in 1840 by German J.
Henle (one of Koch’s teachers). These are now referred o as Kach’s postulates:

. The microbial agent must be present in every diseased organism, but not in healthy
O18aNisms.

2. The agent must be isolated from the diseased host and grown in pure culture.

3. Inocalation of a healthy susceptible host with the pure culture must resuit in the

same disease.

4. The same agent must be recoverable from the experimentally infected host.
These postulates, which Koch published in 1884 fotlowing his work on tuberculosis

{which later won a Nohel prize), still represent an important benchmark used to judge
whether there is a causal relationship between a particular microbe and a given disease,
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Figure 12.2  Robert Koch. (Photo by F. H. Hancox, 1896.)

The methods that Koch developed also helped lead to rapid identification of nuerom
other causative agents of disease (Table {2.2).

Prevalence and Distribution of Diseases  Diseases can vary wiEIcIy i.n lhc.ir pn..fl.ﬂ‘lﬂ.'?'
(fraction of individuals infeeted) and geographic dislribution.‘Epildemmloglsls (?Ll}.f\?l;;
who study discases and their wransmission) refer o an endemic Idlseasr‘: as onc thdu l;::\ i
stantly present in 4 specific area, usually at a low level (rcl_nuve]y few a‘[‘lc_u' ‘l;-(-ific
duals). An epidewmic refers to a discase with an unusually high prf:valc.m,(, ln’ ‘l.hl]:;“[.
geographical area. A pandemic is 2 widespread—nearly global——e.pulel:mc.. T!u. ‘tLI’lI o
break is used to describe a sudden increasc in the prevalence of a disease n ‘lxh]]’tmr
population; this may be associated with a single source, such as a contaminated w3
supply or lood. Each viclim may be called a case.

Divease Transmission A discase reservoir is a stte in which an infectious agent runl:;:
viable so that it can serve as a source of infeetion for new hosts. Con'nn_only. lhm} s "
pool of already infected hosts, so that humans are the primary rcscrvmrlior munx 1lll-1 ;0
diseases. However, some discase organisms can also infect other species, illl'ld_ sunll:U
through a complex life eyele in which the host species alternate for the various Lic st

Ay e = 0
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TABLE 12.2  Chronology of Seme Major Disease Agent Discoveries

Discase Microbial Agent” Discoverers Year
Anthrax Bacitlus anthracis Koch 1876
Gonorrhea Neisseria gonorrliioeae Neisser 1879
Malaria Plusmadinm spp. Laveran 1880
Tubercolosis Myveobacterivm tberculosis Koch 1882
Cholera Vibria cholerae Koch 1883
Diphtberia Corynebacterion diphtheriae  Klebs and Loclfler 1883-1884
Typhoid fever Sealmonella typhi Gallky 1884
Diarrhea Excherichia coli Escherich |885
Tetanus Clostridium tetani Nicolaier and Kitasato 1885-1889
Pneumonia Streptococcus pregmmoniae Fraenkel 1886
Meningitis Neisseria meningitidiy Weichselbaum 1887
Cias gangrene Clostriditm perfringens Welch and Nurtal 1892
Plague Yersinia pestis Kitasato and Yersin 1894
Buowlism Clostridium botulinum Yan Ermcogem 1896
Dysentery Shigella dysenteriae Shiga 1898
Syphilis Treponema pallidiem Schaudin and Hoffmann 1905
Wheeping cough Bordella pertussis Bordet and Gengou 1906
Rocky Mountain Rickettsia rickensit Ricketts 1909
spatted fever
Tularemia Franeivella ndarensis McCoy and Chapin 1912

“Allare hacteria, except Mlasmodiinm, a protozoan,

A disease mainly of animals that also can be transmitted to humans (such as anthrax} is
called a zoonosis (plural, zoonoses). Some infectious agents are able to survive in the
evironment, outside any host. This includes some specics, referred to as opportunistic
pathogens, whieh normally grow in soil or water or other environments but are eapable of
mlecling a host that is compromised {weakened) by an injury, eondition, or discase.

The human reservoir may inelude both people with the discase and those who are
wleeted but show no symptoms. Individuals with such subclinical infections are referred
lerus asymptomatie carviers. The most notorious example of a carrier was Mary Mallon,
bnown as “Typhoid Mary.” Although she showed no symptoms herself, she was the
swuree of a number of typhoid outbreaks in the New York City area in the early twenticth
wentury. Because she refused to stop working as a food handler, eventually she was jailed.

One source of infeclion is the native microorganisms living on or in an individual. As a
resull of some change in it (increased virulence, the ability lo cause disease) or (morce
vaimmonly) the host, this usoally innocuous indigenous microbe may becomne pathogenice.
For exumple, the common intestinal Escherichia coli can acquire a virulence factor lead-
g (o severe diarchea, the common skin inhabilant Staphylococcus aurens can cause ser-
wus illness after being transferred into formerly sterile tissue as the result of a
subcutancous wound penetration, ot a fungal vaginal infection can result from suppression
ulthe normally dominant baeterial populations because of antibiotic use.

However, in most cases an infectious agent must be transmitted from one host to
snother. This transmission may be relatively direct or may involve an intermediate. Direet
irmsmission occurs through contact or exchange of bodily fluids between an infected host
ad the new, previously noninfected host. Rabies and sexually wansmitied diseases such
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as syphilis are spread in this way. Many skin discases, sueh as ringworm, are also trans-
mitied via direct contact, but they may also be spread indircctly on objects (such as
towels) because the eausative agent can persist in the environment {or a sufficient period
of time. Mosl respiratory diseascs are droplet infections, spread through aerosols (liquid
or solid particles in air) resulting from exhaling, sncezing, or coughing. These remain sus-
pended hriefly in the air (during which time the agents remain viable), then are inhaled by
the new host. Thus, the transimission is not truly dircet, hut is still generally considered 1o
be so because the time in the air is so short (minutes or less), It is now believed that the
common cold often is spread hy dircet contact through the following scenario: an infected
person’s hand becomes infectious when it touches the fluids of his or her mouth, nose, or
eye; transmission occurs when he or she touches another person’s hand; the new host
becomes infecled when touching his or her own mouth, nose, or eyc.

Indircet transmission oceurs through some other medium. A nonliving malerial that is
capable of infecting a large number of individuals is referred Lo as a vchicle. Food and
water are the two most common, Air ean also be considered a vehicle, provided 1ha
the infectious agent is able to survive in this usually hostile {mainly because ol diying
and nltraviolet radiation) environment. Other nonliving means of transmission, such s
clothing, furniture, loys, doorknobs, and bandages, arc referred (o as fomites.

A living intermediate for indirect transmission is called a vector. Many common vee-
tors are biting insects (e.g., mosquitoes, malaria and some types of encephalitis; fleas, pls-
gue; lice, typhus; and flies, sleeping sickness) or tieks (Lyme disease and Rocky Mountain
spotled fever). The vector picks up the infeetious agent when it biles an infected host, then
transmits it to a new host with another bite. In many cases the infectious agent reproduces
within the vector (which is then considered an alternate host), thus inereasing the likeli-
hood of successful ransmission to the next host. However, in some cases an orpanism
such as a nonbiting fly is simply a mechanical vector, transporting the infectious agenl
from host to host on its mouth parts, feet, wings, or body hairs.

Not every transmission of a pathogen to & new potential host resulls in infection and
disease. First, the host must be susceptible—a species that the pathogen can parasitize,
and without previously developed Imammtnity (resistance) from vaecination or prior expo-
sure. Also, at least a minimum quantity of pathogens, ealled an infective dose, must be
transmitted. Although for a few pathogens (perhaps the virus hepatitis A or the round-
warm Axcaris) only 4 single viahle particle (c.g., cell, spore, cyst, egg) may be sufticient.
it more commonly takes at least tens (e.g., the baclerium Shigella and the protozouns
Ertamoeba histolytica, Cryptosporidium parvum, and Giardia lamblia), thousands (Vibrie
cholerae), or even millions (e.g., Salmonella, Clostridium perfringens) of pathogens
overcome a healthy body’s defense mechanisms and produce disease.

Example 12.1 While hiking in a nationai forest, a group of healthy young adults drinks
from a clear mountain brook, Unknown to them, a short distance upsiream there is a cal-
ony of beaver that has been infected with Giardia lemnblia, and the water they consumed
contains 2 viable cysts/inL.. How much could a person probably drink without developing
giardiasis, assuming that the infective dose 1s 20 cysts?

Solution I the number of cysts likely to result in disease is 20, a person could drink

20cysts +2cysts/mL = 10mL

or abour 2 teaspoons. Thus the hikers are likely 10 develop giardiasis,

[
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Nolt all people show equal resistance to disease, and individual resistance also varies
over lm'lc. [n general, the very young and very old have weaker immlunc 8 ‘:l(;ll]",lle(l;
soqwldlsc‘:ascs may also severely compromise the ability to fight off olht.;ry\infe:l‘i(‘ “‘
Thls s of special concern in hospitals, since patients are typically in poorer health ”’]f"*-
is the general population, and thus more susceptible to contrasting additional d's" ases d:\]
nosecominal infection is one that is acquired in a hospital, In the United Stalc; '1](])\;:%:1:‘
l()(),()(}O‘ deaths per year oceur from such infections, making them the fourlh.hl' the . ‘kl( ’Ut,
here (after heart disease, cancer, and strokes). rehest e

_ Parasites and their hosts evolve together over time. In general, it is not in the “interes(™
of a pathogen to kill its host. In fact, some fatal diseases, such las t:ahies‘ and ]':T:uere?l'
.'lL‘!%lu”.y zoonoses, with humans an accidenta) (and therefore unaduptcLl)t hos'[l) (él C] :"'9
Wh.ICh Is 2 hunan disease, appears to have grown somewhat milder over the Iz;q; t o con.
turics. Other human discases remain fatal, however, perhaps because they hw‘c n:”io e‘:'" -
ciently . evolved yet. Also, previously uncxposed populations may bc‘ 'n'ti)c ql“ 'l]-
snfsccpubie o a disease. This was the case, for examnple, among the indigen f‘ ; d: Y
of North America when smalipox and measles were introduced from Eur%)pc(  peorte

err.e.s- of Infection  There are several logical ways in which to |
wily is hy the region of the hody that is infected, such
ial illness, or urinary tract infection, Another is
agents, such as discases caused by particul
coviionmental engineers and scientists,
by their mode of wransmission.

lhu't Is the approach that is taken here. In the following sections we laok ar discases
transiitted by water, food, air, veetors, sexual activity, and other direct cont-:'t "]Elf“cs
somewhat arbitrary, since a stngle disease may be spread hy morc than one o .t e
water and food). The greatest emphasis is placed on walerborne dic;(e'ls-e q'ro‘u‘c}('c"g'.?
\\-Illcj-c the role of the environmental enginecr and scientist is gl‘CZl[CS'[‘ e
ducf).::l;:,nﬁ.so!;l:vurdlef; 'dl‘i zl‘I!af‘mbetrcal listing of many discases, along with their causative
sty d mad '0 ransmission. Allhough the list is eertainly not all-incInsive, an effort

s made to 1ist all diseases mentioned in this and other chapters,

assify discases, One
as respiratory disease, gastroinlest-
lo group diseases hy their causative
cular lypes of bacteria or viruses. However, for
s usually most helpful o citegorize discases

IABLE 123 Sclected Diseases of Humans, Their Cansative Agents, and M

of Transmission or Modes

Diseuse icrobi I
! Microbial Agent Taxa® ransmission” Comments
Abseesses, hoilg ‘
ases, ] Staphylococeus b-7 C
OCENS - -wi | Most con q
) o ; mnoen agent
Alncan sleeping I ] '
YPanOsoma p-f I5etse ’ iast
V-tsetse fly Trypancsomiasis
pem e : SO
icknesy gambiense, g -
ot 10 rhodesiense
Amoehic dyveenin
achic dysentery Entamocha p-a W1/ Amcbiasis
: ‘ - chiasis
- histolytica ‘
Anthry; ; ; _
ax Baciltus anthracis b-7 Cd; A Zoonosis-—sheep
H 4 s1s-—sheep,

cattle; usuatly
contracted through
cuts in skin; air-
borne as bielogical
weapon
(Continued)
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TABLE 12,3 (Continsted)
Discasc Microbial Agent Taxa® Transmission” Comments
Aquired immune Humin immuno v 5, C-b
deficiency syndrome deficicncy virus
(AIDS) (Retroviridac)
Ascariasis Ascaris w-n F-Ifo Ingestion of
fumbricoides contaminatel
soil or plants
Aspergillosis Aspergillus f-d A Opportunistic
Sumigas, pathogen
Aspergitius spp.
Athlete’s toot, jock iteh  Epidermopliyton spp.,  f-d Cd, f
Trichophyton spp.
Bacterial dysentery Shigeila dysenteriae,  b-Oy C,W F-lfo Shigellosis
Shigella spp.
Botulism Clostridium b-7 F Nearly 100% fatal
borulinum lood poisoning
Bovine spongiform BSE prion pri F Mad cow discase

encephalitis
Chaga’s discasc Trypanosoma cruzi p-l
Varicclli-zoster virus v

(Heepesviridac)

Chickenpox

Chiamydia b-8
trachomatis

Chlamydial urcthritis
and pelvic
inflammatory discasc

Cholera

Cold sores

Vibrio cholerae

Herpes simplex v
type 1 virus
(Herpesviridac)

Rhinoviruscs v
(Picornaviridac),
coronuviruses
(Coronaviridac),
adenoviruses
(Adenoviridace),
others

Vaccinia viruy v
(Poxviridac)

Common cokl

Cow pox

Crewtzfeldi-Jokob CID prion pri
disease

Cryptosporidiosis Cryptosporiditan 123
parvim

Dengue virus v
(Flavivindae)

DPengue fever

Corynebacterivm -7
diphiheriae

Diphuheria

V-triatomid
bug
A; Cd

W.FE -lfo
C-d

A; C-df

C-d

F
W-ing

V-niosyuite

South American
sleeping sickness
Varicebla sanw virus
causes shingles

{#os1er)

Most comwon
sexually
transmilted diseise

Gastroitestinasl

Fever blisters

Rhinoviruses account
{or ~75% ol colds.
COroNaVIruses
~153%; adenovirus
colds may be nore
severe

Spreiad between cows
angd humans durmng
milking: source ol
smallpox vaceine

TFaral brain discise

From animal leces:
infectious oacyst
Usually not fatal; cm
be o hemorrhagic

lever

Respiratory diseise--

throat and Lansils

;
|
i
1
i
|

TABLE 12,3
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(Comtined)

Dincuse

Microbial Agent

i infections
{olitis media)

Ehola hemorrhagic
lever
LErgotism

Food poisoning

Gas gangrene

Gastroenteritis

Infantile acute
sastroemeritis

Geninal herpes

Geaital warts
Giinrdisis
Gonorrhea

Hantavirus pulmonary
syrdeome

Hepatitis A

fepatitis B

Streptococens
pyogenes
Pseudomonas
acruginosa
Ebola virus
(Filoviridae)
Claviceps purpurea

Bacilluy cereus
Clostridium
perfringens

Staphylococcus
anreny

Clostridinm
perfringens

Ceammpylobacter jejuni

Excherichia coli
OI57:H7
Norwalk virus
(Calvicindue)
Rotaviruscs
{Reoviridae)
Vibrio
parahemolyticus
Rotaviruses
{Reoviridae)

Herpes simplex
lype 2 virus
(Herpesviridac)

Papitloma virug
(Papovaviridac)

Giardia lamblia

Neisseria
gonorrhoeae

Hantavirus
(Bunyaviridae)

Hepatitis A virus
(Picoruaviridag)

Hepatitis B virus
(Hepadnaviridae)

Taxa® Transmission” Comments
b-7 C-ih I Present in respiratory
tracl
b-Gy W-¢ Swimmers' ear:
opportunistic
¥ C-bd,f 20% montality
f-a F Infects cercals;
severe centrnl
nervous sysiem
damage if
ingested
b-7 F Starchy foods
b-7 F Common; meats
(7-15 h after
cating)
b-7 F Mosl common (1-6 h
alier eating)
b-7 C-w Wound infection
b-Gi: EW-ifo Heman and animul
FCSCIYOIrS
b-Gy F
y EW.C-l/o
v W
b-6y W(F}-ing Raw [ish and shellfish
v w Major agent;
major canse of
morladily in
children
v S Associated with
cervical cancer
v 8 Associated with
‘ cervical cancer
p- W-ing From animal feges;
infectious cyst
b-6[3 S
v A Z00N0sis—acroso-
ltzed mouse
droppings
v W.EC-lfo Inlections heputitis
v S, C-b

Scrum hepatitis, liver
cineer
(Continued)
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TABLE 123  (Continwed)
. o et ? N
Discase Microbial Agent Taxa" Transmission Comments
Histoplasmosis HMistoplasme f-cl A RC:‘iplrillUry disease -
capsidatum inhaled spores
germinue in lungs
Impetigo Staphylococeus b-7 Cil Skin sores
drreus,
Streprococcns
pyogenes
InNuciza Influcnza virus v A
(Orthomyxoviridac) o
Kuru Kuru prion pr F Ruuall.\:uc ‘
cannibalism
Legionellosis Legionella b-Oy W-inh chlf’mllill.l'l.‘."i d‘l.‘:cil.\l.‘:
pneumaopilio milder infections
called Pontiac tever
L.cprosy Mycobacterinm b-7 C A Hansen’s disease
leprae .
Leptospirosis Leptospira b-9 W-e /.(l()l'lt).\'ls—-f ude nt
interrogans dog, or pig urine
Listeriosis Listeria b-7 F Apeat common in soil
HIOROGCYIGRENECS ‘zmd Wznur.
Lyme disease Borrelia burgdorferi  b-9 V-lick Dccr' and mice we
primary hosts
Malaria Plasmodin spp. -8 V-mosquito
Measles Mcasles virus v AC Rubeola
(Paramyxoviridie) .
Meningococcal Neisseria meningitidis b-6 A 509 mortaulity
meningitis withou! Lreatment
Monunucleosis Mononucleosis vires v C-df Kissing <hsease
(Herpesviridac) . . y
Mumps Mumps virus v A Lpidemic parofitis
(Paramyxoviridace) N .
Peptic ulcery Helicobaeter pylori b-0t W1 FLC? H. pylori Tound in
drinking water
Plisteria Plisteria a-( W-c SKin discase in
fishermen
Pinkcye Haemophilus b-6y C-dl A Buctc;:ml o
aegypling conjunctivilis
(H. influenzue),
Moraxvella
laciunata .
. , . o e mrimary
Plapue, bubonic Yersmia pestis b-Gry Y-llea Z.00N0OSIS—Prinan .
hosts are rats. othe
rodents
1 ind ] ; " plague in
Plague, pacumonic Yersinia pestis b-6y A me.oi plague
which lungs
infected; highty
contagions
Pneumonia, Stweptococcis b-7 A
pncumococcal prenmoniae . eyt
) i 1 i synreylls
Pncumonia, viral RS virus v A Respivatory sy

(Paramyxoviridae)

discase

i
i
:

TABLE 123 {Continued)
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Disease

Miciobial Agent

Comments

Pocumonia, walking

Poison mushiooms

Peliomyelitis

Primary Amochic
meningoencephalitis

Psittacosis

Rabics

Rheumatic lever

Ringworm
Rucky Mountain
spalied fever

Rubella

Sulmonellosis

San Jeaguin Valley
lever

Scirlel fever

Sehistosomiusis
Suwallpux

Saph infections
Strep throat
Swimmers' jtch

Sy philis
Lapeworm

Mycoplasme
pHeltoniae
Amanita spp., others

Poliovirus
(Picornaviridac)
Naegleria fowleri

Chlamydia pyittaci

Rabies virus
(Rhabdoviridac)

Streptococens
hyogenes

Lpidermopliyton spp.
Trichopiivion s pp.
Rickeusia rickestsii

Rubella virus
{Togaviridae)
Salmonella spp.

Coccidioides immitiy

Streptacoccus
pyogenes

Schiistosonra spp.

Smallpox virus
(Poxviridac)
Staphyiococens
atreus
Streplococens
PYOgenes
Schistosoma spp,

Treponema patlidum

Diphyllobothrinm,
Taenia saginata,
I solium

¥

Taxa" Transmission®
b-7 A C
t-b I
v W-flo
it W-c
b-§ A
v C-anima] bite
b-7 A

f-d C-d,

b-Oo V-tick

v A C

b-Gy EW.C-llo

f-el A

b-7 A

w-( W-e

v C- iy A

b-7 A C

b-7 Al

w-1 W-¢

b-9 S

w-C F

Primary atypical
preumonia

Some fatal, others
sickening or
hallecinogenic

An enterovires;
causes paralysis

Swimming in warm
ponds; caters
through mucous -
membranes in
mouth

Zoonosis—birds;
20% mortality
without antibiotics

Zoonosis—mammals

Autoimmune discase
from untreated
strep tbroat

Tick-borne typbus
German measles

Gastrointestinal
disease

Coccidividomycosis;
respiralory;
opporlunistic

Systemic disease from
ustreated strep
throat

Bilharziasis; snnils are
inlermediate hosts

Variola; cradicated

Respiratory discase

Zoonosis—birds;
snitils are
intermedliate hosts

Fish, beef, pork

(Continwed)
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TABLE 123 (Contimied )

. PRI ol
Microbial Agent Taxa® Transmission” Comment
i icrobiy
Discasc ——
; ockjaw
oy . i o ‘
Tetanus Cloxtridiam letam b-7 (é ; Lo o e
anus
Toxic shock syndrome Staphylocaveus b-7 ;
i = C Undereooked meal,
sis Toxoplasma gondii pes FC dereaok
Toxoplasmosis 7 s
" ot i T yse r
i -(|f Leading cause ©
Trachoma Chlamydia h-8 Cd, g o
) .
trachomatis »
fchi i - W.F-tfo
Travelers' dinrrhed Escherichia coli . b-6y
(also sce {pathoenic sLrLng)
o ) . . N _— v
Gastroenteritis) R()ldVI.l'u:S(:':.
o F Mainby undercooked
Trichinosis Trichinella spiralis — Ww-n o e e
in United States
. ) K s
Trichomoniasis Trichomonas p-1
vaginalis A
Tubcrculosis Mycobacterium b-7
mberculosis i overs
i 3 -deer 11 Rabbit {ever;
i Francisella tularensis b-6y Y-deer (y a o
Tularemia rUnci b e e
i - Ww,F-flo
Typhoid fever Satmonelta typhi ) b-6y V,lm o et yphus
Typhuu tever Rickeitsia prowazekii lz-(:u g: | 15 i,
V%'\p'im‘ll yeast Candide albicany i-d 54 O e
et {Monitid albicans) s
peetion NMIONMIASES,
opporunistic
H e Y l“.
i mosquito Zoonosis—bires
West Nile cncepbalitis  West Nile Vivus v V-mosq
: (Flaviviridac) y A Pertussis: uppes
e -G . }
Whooping cough Borderella periussis b f3 o
Produces skin sores
Yaws Trepottema pertentie b-9 C-d _ A
W Yellow Fever Virus v Y-mosd vk
Yellowfever ‘ irid morlality upto.
o " it GutLPOCReTit
Y (-}Ti‘ "'_‘:“V"“- ) b-6v I, W? Acute gustroenientis
Yersiniosis ersin N )
enterocofitica

3 \ Tuble 1030 1

i aclecial Kingdom, from Luble

. slote). b, bacterin {- number, refers Lo baclecial king o et

e e st }'; B. ¢ also ndicated)s 1, fungus {-it, ECOMYCCIC: <D, Hasit A,
| | oo : - G rion; v virs (nni

> acteria, Kingdom 6, class & ¥ i ;€ fungus (e

Prolechact sele); p :;mlovozms {-a, smocbit (Sarcotina), -f, Nagellate, -5, :.pnrf .u‘,:lc.l_:: ng‘mmdc i

d‘}““"_“"‘)"“ ll|':Cl'\'::'\' in preceding column alter ninze of agent); w, wori |-u, cestodes -1,

given in parentheses "

P e i O contacl (b, blood; -d, dircel; -f, fomites, -w. wnulfd)- . '|.

PMain romes of rnsnissIon: A, uin Li conly . }!0 o i et L ol i

, wler {-t, conlacly -i/o, et \
inhi o & woxuab, ¥ vector, W, waler -0, conlitch
indigenous; 3, sexuak, V.

fooud, 1
Jlation?
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The major sanitary conecrn with waterborne disease clagsically has 2{}:}0_:1 (i,mp:}rmm "y
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drinkil;-:; water with fecal material, commonly from w‘}stf:waler e i thil oncrd

Al ) '

i all be wever, I IS now

is discuss more detail below, He

oral route is discussed in
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other modes of disease transmission through water we also possible. We therefore look

lirst more broadly at the types of waler, sources of contamination, and routes of infection
that can contribute o waterborne discase,

12.2.1 Types of Water

People may get their potable (drinking) water from a community source, such as a public
or private water utility, or from an individual private source, such as a residential well,
Water supplied to members of the public from private sources (usually, wells) by hotels,
gasoline stations, camps, and similar small institutions are referred to as noncommunity
sources. Potable water is also used for food preparation, cleaning dishes and clothes, and
wushing and hathing, as well as for direct ingestion. In most cases it is also used lor fiush-
ing toilets and watering lawns and gardens, although in areas with limited supplics a sepa-
rale noppotable soutce may be used for these purposes, {ndustries commonly use potable
water for thetr process water necds, sometimes following further purification. After use,
much of the water from homes and industry beeomes wastewater,

Other types ol water that might be involved in disease transmission include reerea-
lional waters (such as rivers, lakes, and oceans) used for swimming and other water cou-
et sports, swimming pool water, and irrigation water. Some natural waters are used for
fish and shelifish harvesting. Industrial cooling walers may be from a potable source, or

from ground or surface waters. Also, of course, there is precipitation (rain, snow, sleel,
hal) and stormwater runoff.

1222 Sources of Contamination

As indicated earlier, a major source of potential pathogens is human feeal material. Peopie
with gastrointestinal and some other types of infections may shed massive numbers of
pathogens in their feces. Urine is also a potential source of contamination for some dis-
vases, Thus, untreated or inadequately treated human wastes and sewage arc a major sani-
lary concern,

However, there also are several other potential sources of water contamination. Water
from activities such as bathing, showering, and toothbrushing, and from hand, dish, and
clothes washing (often referred to as graywater, as opposed to the blackwater containing
fecal material) may also contain pathogens, although typically in lower concentrations
ad of some different types. Urban and suburban stoninwater contains fecal material
and urine from pets and probably from rats, squirrels, and other wildlife. In some arcas
heavy concentrations of geese contribute targe quantitics of waste material, Agriculture
may also be an important source of contamination directly from the antmals being raised,
ur from the spreading of their manure; this may enter water through treated or unireated
discharges, stormwaler, or irvigation return flows (the portion of the irrigation water that
fows off the ficld and back to a surface water, mainly to prevent salt buildup). Even in
pristing areas water may not be safe Lo drink without treatment because of pathogens con-
wibwed by wildlife (c.g., heaver arc a major reservoir of Giardia),

Human solid wastes may contain pathogens {e.g,, from used facial tissucs, diapers, and
sty pads) that can enter water from liiter, runoff, or landfill leachate (water that
Passes through the waste material tn a landfitl). Some industries (e.g., slaughterhovses,
kinneries), institutions {(e.g., hospitals), and other facilities (c.g., laboratories and doctor,
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dentist, and veterinary offices) are other potential sources. And especially in swimming
pools, even the human body itself is a source, from skin sloughings and mouth, aose,
and eye discharges.

12.2.3  Routes of Infection

Ingestion  Ingeston is the major route of infection for waterborne diseases, primarily
from drinking contaminated water. However, ingestion can also occur from eating
foods contatning or washed with the water, or from cating fish or shellfish harvesied
from contaminated water (which could also be considered transmission through food).
Ingestion may also occur dnring swimming or other water-contact activities.

Most important waterborne diseases are transmitted through the fecal-oral route, dis-
cussed in Section 12.2.4. However, some pathogens occur naturally in water. Vibiio para-
hemolyticus, for example, is a marine bacterium that cause gastroenteritis, mainly in
people who eat raw fish or shellfish that have accumulated it {or in some cases, been
infected hy it). Other diseases, such as giardiasis and cryptosporidiosis, often appear 10
result from contamination by the feces of wildlife or domestie animals, although the tra-
ditional (human} fecal-oral route can also play a role.

Contact 11 is not always necessary to ingest a waterborne pathogen for it to cause dis-
case. For example, some baeterial eye and ear infections, such as those cansed hy the
opportunistic pathogen Preudomonas aertiginosa, ean be ransmitied through waler in
swimming pools that are overused or inadequately maintained. Lepiospirosis, on the
other hand, is caused by an obligate parasite, Leptospira interrogans, that is spread
through contact with infected urine. The bacteria enters through mucous membranes or
cuts in the skin, then attacks the kidneys and liver. It ean be fatal in humans, bul the
main reservoirs are rodents, dogs, and pigs.

As another example, some free-living protozoans (e.g., Naegleria) in warm ponds can
cause a {aal primary amoebic meningoencephalitis in swimmers. This organism also
contaminated the hot springs of the famous Roman baths at Bath, England, and [lorced
their closing for many years in the lae twentieth century, The organism enters the
body by penctrating the mucous membrancs of the mouth and nose. (Thus, the route vl
exposure iy not reatly ingestion, since the amoeba is not swallowed.)

Schistosomiasis is onc of the most important debilitating parasitic diseases of the tro-
pics, infecting over 200 million people. 1t is caused by several specics of trematode fat-
worms of the genus Schistosoma. Bggs of these blood flukes are discharged in the urine
andfor feces (depending on species) of the infeeted human, As part of their complex lile
cyele, the cggs hatch in water and the larva are ingested by certain aguatic snmls, which
then become infected and serve as the intermediate host. A distinct larval stage, the cor
caria, develops, leaves the snail, and penetrates the skin of a new human host who wulks
through or bathes in the water. Building of dams has inadveriently led 1o increases in this
disease by extending the range of the snails.

Fortunately, the appropriate snails do not live in the United States, so schistosomias
does not occur here. However, related flukes do infeet birds, again with shails as (he jater-
mediate host, Oceasionally, one of these cercaria will inadvertently penetrate a human™
skin, where il dies, unable to complete its life cycle. The resulting irritation is referred 1o
as swimmers” itch.
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1224 Fecal-Oral Route

Feeal material s ¢ st universally r i i
rcwl_z::tjclr.:):[;s :1111;1:; uqr::v_cns.ally'nccogmzcd n‘s t?eing unsitary, How is it then that the -
s o oute s ¢ '1‘ .m-1port‘1nt source <‘)t discase transmission (in food and from
contact, as well as for water)? Part of the danswer can be seen in Fip
Towns lwtoncully have been located along rivers or streams that served e v
surce, Wi i is withdps : : l
d“wns[reu;ltifirBlgﬁ;adlll}fh(l;s{)\glvtilgiltn::lnﬁﬁj;r(ﬁml:)r t:}cht_own and wastewaler is discharged
eivtry and pond he s H C[',l :s o l 18 zlpp’rml.ch, it allowed both water
lIlI)WI]]]i”. However, as areas bcc:u’:l:)ml:)ercbﬁci:::\]f;lyr;ot::l':lvél(;eltlimd W e
of one town soon became the walter intake for the next cc;mm‘un:fy\:ld

as their water

stewater discharge
ownstieam,

~J
Raw watcr

Waslewalter

Raw waler

Wastewiler

Figure 12,3 Typical pattern of water supply and wastewsior disposal,
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Most discases transmitted by the fecal-oral rowe (whether through water, food, or
direct contact) have their primary cifect on the intestines and thus wre referred 1o as
enteric. To understand their importanee, it is helptul to took at the historical impact of
two such baeterial diseases, cholera and typhoid fever.

Cholera Cholera is an acute intestinal discase marked by severe diarrhea and vomiting.
The bacterium responsible, Vibrio cholerae, reproduces in the small intestinc, releasing an
enterotoxin (a toxin affecting she intestines) that triggers the resultant stress on the vic-
tim. Bodily fluids may be depleted so rapidly that the vietim dies within hours unless pre-
ventive measures are taken, such as providing intravenous replacement of fuids and salts.

Cholera was originally endemic to South Asia, but there have becn seven mijor pan-
demics (the first beginning in 1817), and it is now also cndemic to South and Central
America and perhaps to the Guif coast of the United States. The early U.S. epidemics
(first: 18321834, sccond: 1849--1854) produced widespread fear—not surprisingly, since
there was no cure for this usually fatal discase. In 1832, 20% of the population of New
Orleans dicd of cholera, while in 1849 another 5000 people died there, along with 8000 in
New York City.

In 1854, Dr. John Snow (Figure 12.4) performed (wo studies of the incidence of
cholera in London. These are now recognized as the first epidemiological studies cver

Figure 124 Jolw Snow in 1857, one year before his death.
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Figare 12.5  John Snow: cholera deaths and the Broad Strect pump.

condueted, predating the formalization of the germ theory of disease (Section 12.1.1). In
the l)cslcr known of these studies, Snow plotted on a map the residence of cach. 'cr;‘.on
who dul,‘cl of cholera in one area of own served by public wells with pumps (bllﬁdi;l 1%
there did not have indoor plumbing). He found 521 cholera deaths within 2\5() yards gl'
the Broad Street pump (Figure 12.5). The incidence of cholera was much hi;hcr
among people living close to, and therefore presumahly using waler (rom, this um!) as
n!qmscq o others tocated in the area, He also Tound evidence that this chI, wa.:.' g()nm[:n‘i;
;::;;:Ikw;lt;]:;\:;gg,(’::}(tjl11: ,11!1[ cxam‘prl]cl: olf 11‘n carly public health measure, had the pump
e 12,60 g it unusahle)! The adjacent pub is now named in his honor
|\.,-(I,ncl(:]|::] :;ztl:i(:]n’d sl‘m{)—(, Snm&i r(':vicwed cholera df:nths in another part of London served hy
e sl Cho]l:c tm:ju‘ c;o‘mpdmcs. Customers of the Southwark and Vauxhall Company
(‘nmpm.;y oo ‘I;IT c:n 1:0(1))81' I()(‘)O houscs served, whereas the raie for the Lambeth
ey Riv;‘ '].n.d dpa,l! ’ Ih(;]u;scs ser\..rcd._ Both f:ompunics took their water from the
0 Vot ;,“hd e l\v’CI’t‘: ,l.l l rough pnlpe]mcs, without treatment. However, Southwark
e wm]‘ umrca[e:]c»:c:::u: t::;:n_tlln? EY/cr nem" central London, where it was contami-
laively pure. ge, ereas Lambeth’s source was upstream of the city, and
;-;.J:,::c:lzl)-:s lttj)hT.o‘nllmlllc:olmju‘ also ﬁgulrcd in some of the carliest efforts at water purifi-
o i-lémtlh[)u-; ;L nl:dl m‘casure. During the German epidemic of 1892, the adjoining
o }‘[(,WCVC,{J Aul[:; |‘cam) .l_nd Altona ((JOWI:IS[I‘C?UTI) were drawing their waler {rom the

s na practiced stow sand filtration, and despite the more contaminated
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i ; istrict, adjac e infamous Broad Streel pump.
Figure 12.6  Snow’s Pub in London's Soho district, adjacent to the infan i

water source, had a cholera death rate of only 2.3 per 1000 pcople (many traceahle w
drinking Hamburg water), compared 1o 13.4 for Hamburg (Tabl(.: |2.4)._  discuse ran

Medical treatment traditionally involved intravenous rehydration gnul ‘hf', :.l.]c‘a. LI“.I‘
its course. However, this was not available to many in poorer _counlncs. A simp (,.lr Iu(:.\.u
ment called oral relydration therapy (ORT) is saving many lives around the world (s

L] C .
SLL(lllt(l)(rlllegr.u))\;ms eradicated (eliminated) in the United Smlcs. in 1911 How‘cwin—', ”d”;m,
peared in 1973, and there have been small numbers g.f cases since, mostly_ i:ih()-L[’m:‘:[-'l o
cating shellfish harvested along the coast of the Gulf of Mexico. Worldwidce, cholera s
accounts for more than 120,000 deatbs per year.

Typhoid Fever Although typhoid fever {caused _b)_{ Sa!n{oneﬂa r)‘z,vl'zi) ?V_as_ lu-l::::.,-{:::-:;
mitted mainly through food in the United States, orfgnmlly it was Lll.‘»O.‘l ma_|01. we)k rhon
discase. Although it docs not have as high a mortality rate, and thus did m).t p:)g\;c)m;. C].M\
the same level of feur as cholera, it probably lead o more deaths overall: 5'(-'-'| ”.‘;l. o
with 40,000 deaths in 1909, for example. Water filtration _ulso had a bcn.chu]d‘ c‘jlin.c‘ '
reducing the incidence of typhoid fever, as can be seen in Table 12.4 for the cilics
itts incinnati, and Louigville. ‘ N o

Pll:tn":)rliz!r (\:vl;:]lz]rnt[:calmcnl lechnology, disinfection with ehlorine, wlns h{rsl l.l[jg Imc:}l ::;r”I]IL1
urban water supply in the United States in Jcrseyl Cil):, New Jersey, “.] l)()8: (IJI::’IL e
carly bencficial effects of chlorination in controlling disease are also shown in T

TABLE 124 Correlation between Sand Iiltration (SI7
Supplies and Deaths Irom Cholera or Typhoid Fever

[Yiseuse

Cholera

Date City

1892 Hamburg, Germany®
Altona, Germany®

Typhoid fever 1907 Pittsburgh, PA
1908

1902-1907
1908-1913
1904-1909
1910-1915
11-1271914

Cineinnati, OH
Louisville, KT

Hull, Quebeet
Otlawa, Ontario”
1917 Wheeling, Wy
1918

1-3/1919

“Adjaining cities; Hamburg is immediately upsircum ol Aliona on the Elbe River,

"Only part of the water supply was filtere,
‘Ou oppusite banks of the Otawa Rrver, Canad,
“Chlurination began ki in 1918,

Figure 12.7 shows the drop in typhoid in New York attrihutahle |

lreatment.

In the United States, the annual incidence of typhoid fever h
vase per 160,000 population, and the majority of these
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Treatment

None
SF
None
SFIJ
None
SF
None
SF
None
Chlor
None
None
Chlor!

Deaths

86006
328

200
28

200
155

) or Chlorination {Chlor) of Water

Rate/ 100.000

1344
230
125
49
57

rl
58
24
1060
28

argely 1o improved water

as dropped to about (.2
are in people who acquired the

discise while abroad. However, worldwide estimates for the incidence of typhoid lever

ire still on the order of 16 million cases and over 600,000 deaths

a year. Although animals

e a major source of other Swimonella species, the reservoir for §, typhi is usuatly man,

Other Fecal-Oral Route Diseases As indicated in Table 12.3, 2 number of other walcr-
hosne discases are spread through the fecal-oral route. This ineludes viral diseases such ay
roliomyelitis (now essentially eradicated in the United Stales through vaccination) and

2 100
g a0
no
B8
85 g
a2
F g 40
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ET 20
<L

0

1888 1898 1908

Year

1928

1938

Figure 12,7 Annuat typhoid cases (per 100,000 residents) in New York, 1888-1938.
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hepatitis A. In one elassic case (1955), 30,000 eases of infectious hepatitis were traced 1o
drinking water in New Delhi, India, that was properly chlorinated but which had excess
turbidity. It is believed that the viruses within the particulate material were protected lrom
the chlorine. Waterborne viruses (especially rotaviruses) are also responsible for a portion
of truvelers’ diarrhea, and contribute to the over 3 million yearly death toll worldwide
from diarrheal diseases, mostly among young children (infantile acute gastroenteritis),

Other important baeterial enteric diseases include salmonellosis (caused by Sulmo-
nelfa species other than S. ryphi) and bacterial dysentery, or shigellosis (causcd by
Shigella spp.). Salmonellosis is also easily spread through food, and Shigelia by the
fecal-oral route through direct contact, especially in settings such as child-care centers.

Amecbiasis, or amoebic dysentery, is caused by the protozoan Entamoeba histelvtica.
This is the third most prevalent parasitie disease worldwide (afler schistosomiasis and
malaria) and has the eleventh highest annual mortality {100,000) among all infectious dis-
eases. The infeclious stage is a cyst.

Breaking the Chain In most developed countries, waterborne disease from the fecul-
oral route has been greatly redneed. Public health practices in such countries have been
suceessful in breaking the chain of disease and its transmission. Through proper sewage
treatment and waste disposal, fecal contamination of water has decreased dramalically.
Water purification techniques, in turn, have been suceessful in virtually eliminating padhe-
gens from drinking water. As a result, there are relatively few infected persons in the
population who are shedding pathogens into the wastewater. This smaller reservoir lurther
helps prevent discase transmission cven when there are lapses in wastewater or potable
water treatment. Quickly locating the source of an outbreak and treating infected persons
further help minimize the spread of discase, Safc potable water also makes hand washing
casier and more effective, reducing fecal-oral transmission through food and direct

contact.

12.2.5 Modern and Recent Outbreaks

Table 12.5 shows the 108 known outbreaks of waterborne disease in the United States for
1993-2000. The six organisms responsible for more than one outbreak were the proloso-
ans Cryptosporidium parvim and Giardia spp. and the bacteria Salmonetla spp., Shigelis
spp., Escherichia coli type O157:H7 (Scction 12.3.2), and Cemmpylobacter fejuni. Thete
were also two viruses. All produce gastrointestinal illness, and all but Salmonelin and
Shigella arc relatively newly recognized as causes of waterborne disease. Many ol the
AGI (acute gastrointestinal illness from an unknown agent) cases are probubty liom
viruses, although one was chemical.

Cryplosporidiosis and Giardiasis The very large number of eases of cryptosporidios.
in the table results from a single major outbreak in Milwaukee, Wisconsin, in whwh
403,000 peoplc were infected, with 4400 hospitalized and 100 latalities. Worldwide #
is estimated that therc may be 500 million eases per year. A major outbreak of both «n
tosporidiosis and piardiasis also oceurred in Sydncy, Australia, in 1999, threatening the
Summer Qlympics held there the following year. Both protozoans form resistant resting
stages (ooeysts for Cryptosporidium, cysts for Giardia) that arc highly resistant o dix
feetion. This has led to a requirement in the United States for filration of all commumt
waler systems Lhat utilize surface waler sources,

TABLE 2.5 Disease Qutbreaks in the United States Associated with Drinking Water, 1993-2000¢
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TABLE 12,6 Drinking Water System Deficiencies Associaled with Waterborne Disease
Outbreaks in the United States, 1993-2000¢

Type ol Waler System

Comumunity Noncommunity  ITadividual Tolal
Type ol Deficiency No. % No. % No. %  No. G
Unireated surface waler 0 0.0 0 0 2 6.7 2 1.9
Untreated groundwater 5 1.6 17 48.6 14 46.7 36 KK
Treatment 16 372 13 37.1 2 6.7 kH 287
Distribution system 18 419 4 114 4 13.3 20 241
Unknown 4 9.3 | 2.9 8 26.7 13 12.1}
Total 43 100.0 35 H00.0 300 1000 108 1000

“Compiled from data available on the U.S. Centers for Discase Control Web site; » = 108,

Campylobacter The lirst reported outbicak of waterborne gastroenteritis in the United
States involving C. jefuni was in 1978, in Bennington, Yermont. Of a total population of
10,000 using the community water supply, 2000 became ill. Campylobacter (both C. jejuni
and C. fetus) can also be spread by food, especially chicken and turkey (which are reservoirs),

System Deficiency Table 12.6 indicates the breakdown of incidents by the type of deli-
cieney in the potable water sysiem. For community systems, the outbreaks are almost
evenly divided between treatment and distribution problems, whereas for noncommunity
and individual systems, consuming untreated water was the primary known cause.

123 FOODBORNE DISEASES

There are many diseases that can be caused by the consumption of contaminated foods.
The responsible microbtal agent may have been present in the original material (e.p..
growth of Salmoenetla in chickens), or been introduced at sote point during subscquen
handling and preparation steps as a result of improper sanitation, in mest instances, Lhese
problems can be linked to improper cooking or storage, particularly of foeds contaiting
meat, milk, cggs, cheese, poultry, fish, and shellfish. Table 12.7 provides an approximale
percentile breakdown of various bacterial toodborne diseases in the United States by their
causalive agent and indicates the food products with which they are typically associaled.

The sanitary aspects of commercial food distribution and handling within the United
States bave long been carclully regulated, but there are still serious lapses. Additionatly.
many foods are now being imported from countries around! the world with far less strin-
gent standards. However, most cases are associated with poor practices in homes, instils-
Lions (e.g., nursing homes), or small restaurants.

Foodborne diseases of microbial origin may be split into two categories. Food poison-
ing results from ingestion of preformed microbial toxins. In some cases, the microorgan-
ism itselt may no longer be viable or may be incapable of infecting a human host, but the
products ol its previous activity result in discase. Food-transmitted infection, on the
other hand (alihough sometimes also called food poisoning by the public), results when
the causative organism is transnitted via food, then parasitizes the new host to prodhce
discasc. Some of the diseases of concern are discussed brielly below, Note that the specific
symptoms, purlicularly the time to their onset, may help distinguish the particular agent.



