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A MASSIVE OUTBREAK IN MILWAUKEE OF CRYPTOSPORIDIUM 1 JFECTION
TRANSMITTED THROUGH THE PUBLIC WATER SUPPLY

WiLuaM B Mac Kenzie, MDD, Neiw J. Hoxie, M.5., Mary E. ProcTor, PH.ID.
M. Stepnen Graous, Pu.D., KATHLEEN A. Buamr, M.5., RN, Dan E. PETERSOH,

JAMES J. KAZMIERCZAK, D.V.M., Davip G. Appiss, M.D., M.P.H., Kiu R. Fpx, P.E,
Joan B. Rosk, Pu.D., anp Jerrrey P. Davis, M.D.

Abstract Background. Early in the spring of 1983
. there was a widespread outbreak of acute watery diarhea
among the residents of Miwaukes.

Methods, We investigated the two Mitwaukee water-
reatmant plants, gatherad data from clinical laboratories
on the rasults of tests for enternc pathogens, and exarmined
umaduduringﬂwnmeolmaouﬂamakhraymn-
sporidium 0OCySts. Wa surveysd residents with conhrmed
cryptosporidium intection and a sampie of those with
acute watery diarrhea consistent with cryptosporidium
infection. To astimate the magnitude of the
we also conducted a suivey using randomly salacied
wigphone numbers in Milwaukee and four surrounding
" counties.

Rasulis. Thers wers marked increasas in the turbidity
ol treated water at the city's southemn water-traatment
plant {rom March 23 until April 9, when the plant was shut

down. Cryptosporidium oocysts wers identified in water

UMAN infection with cryptosporidium was

first documented in 1976.'% Since that time,
¢n prosporidium has. been recognized as a cause ol
gastrointestinal illness in both immunocompetent™
nd immunodeficient people.®’ Infection with crypto-
speridinm results in watery diarrhea assaciated with
varving [requencies ‘of abdominal cramping, nausca,
vorniting, and fever. In immunocompetent people,
en prosporidiosis is a self-limited illness, but in those
who are immunocompromiscd. infection can be unre-
lenting and fatal.>® Infecrion occurs in a variéry ol
senings™!'; walerbomne outbreaks of cryptosporidium
infi-ction have been documented in aszociation with
drinking water from a contaminated artesian well,”
uncreated surface water,'? and filtered public water
supplies.'*'® We report our investigation of the largest
do.umented outhreak of waterborne disease in the
United States.

On April 5, 1993, the Wisconsin Division of Health
was contacted by the Milwaukee Department of
Health after reports of numerous cases of gastrointes-
tinal illness that had resulted in widespread absentee-
ism among hospital emplayees, students, and school-
tcachers. Little information was available about the
nature of the illness or the results of laboratory tests of

From the Burcau of Public Health, Wiwansin Driviaon of Health. Madi-
wo (WRM. MLH, MEP. 1)K, JLP.D.) te Epidemuology Program
Office, Diviswoy of Ficld Epidemiclogy (W.R.M., DEF), Epidemic nselli-
Feree Sawvee (W.R.M.L Division of Pamsitic Diseudt, Natenal Center fer
infectious Dhucases (DG LA ), Center for Dipease Ceonmol and Prevention, Atlan-
W, the Ciry of Milwaukes Depariment of Health (K.A.B.) and Bureau of Lab-
artoies (M.5.0.), Milwaukee: the U.6 Envimamental Prowsiion Agency,

Cincinmati (X.R.F.); and the University of South Florida, Tampa BRI

Adbress repont requests to £ Davis o the Wisconsin Division of Health,
Bureaw of Pubhic Heabih, 1400 E Washingion Ave Rea 241, Madison. WI
EERU Y

Wa sstimats that 403,000 pacple

tributable to this outbraak.
Conclusions. This mussive OUthres

rhea was causad by cryptospornd m oocysis that passed

through the fitration syatem of pne

:faatrr}unt plants. Water-quality €

stool specimens from those whp were iil. On April 7,
two laboratories identified cry
stool samples from seven adu
waukee area; none of the laboratories surveyed had
found evidence of increased or unusual patterns of
isolation of any other enteric pathogen.

The Milwaukee Water Works (MWW), which
obtains water from Lake Michigan, supplics treated
water to residences and busindsses in the Ciry of Mil-
waukee and nine surrounding municipalities in Mil-
waukee County. Either of two ater-trearment plants,
one located in the northern part of the city, and the
other in the southern part, cin supply water o the
entire district; however, when both plants are in oper-
ation, the southern plant p dominantly serves the
southern portion of the distrift.

Examination of the two plafits’ records on the qual-
ity of untreated water {intake} and treated water {that
supplied to customers) revcaled an increase in the tur-
bidity of treated water from the southern plant, begin-
ning approximately on Marth 21, with increases ©
unprecedented levels of tufbidity from March 23
through April 5. These findings pointed to the water
supply as the likely source 0 infection and led to the
institution, on the evening of jApril 7, of an advisory to
MWW customers to boil their water. The southern
plant was temporarily closed on April 9.

residents of the Mil-

Investigation of Water-Tres

The policies, procedures, and
MWW facility were reviewed and spected in April 1991, Data on
' the monthly maximal wrbidity of atrcated and treated water from
both plants wete reviewed and anal =i for the pcriud from Japuary

I9H30ME/' 7 Data onjthe daily maxima) rurkidity and

jtosporidium oocysts in -
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NTU or higher, with peaks of 1.7 NTU on March 28
and 30, despite an adjustment of the dose of palyalu-
minum chioride (Fig. 1) Ahthough marked improve-
ment in the turbidity of treated water had been
achicved by April | with the use of polyaluminum

. chtoride, on April 2 the southern plant began 10 use

alum instcad of polyaluminum chloride as a coagu-
{ant. On April 5, the wrhidity of treated water in-
creased to 1.5 NTU. During the period from February
through April 1993, the turbidity of treated water at
the northern plant did not exceed 0.45 NTU. There
was no gorrelation between the turbidity of treated
waicr and the turbidity or temperature ol untreated
waler.

Throughout the period from February to April
1913, samples of treated water from both plants were
negative for coliforms and were within the limits set by
the Wisconsin Department of Natural Resources for
water quality. Inspection of the south~rn plant re-
vealed that a streaming-current monitor, which can
aid plant operators in adjusting the dose of coagulant,
had been incorrectly installed and thus was not in usc.
Ia addition, monitors designed for coniinuous meas-
urement of the trbidity of filtered water were not in
op-ration. Turbidity was rmonitored once every eight
hours.

Examination of ice Made during tha Outbreak

\Water obtained by melting ice blocks produced on
Murch 25 and April 9, 1993, contained cryplosporid-
iwn in concentrations of 13.2 and 6.7 oocysts pet 100
livers. respectively, when filtered through a membrane
flicr with an absolute porosity of 0.45 pm and 2.6 and
0.7 oocysts per 100 liters, respectively, when filvered
through a polypropylene cartridge filter with a nomi-
au! porasity of | pm.
Labaratory Survelflance

Duting the period from March | through April 16,
1193, a total of 2300 stool specimens were submitted
w0 the 14 clinical laboratorics in the Milwaukee vicini-
tv for routine culture {or bacterial enteric pathogens.
Twenty specimens (0.9 percent) were positive for sal-
monella, 10 (0.4 percent) for shigelia, and 11 (0.5 per-
crnt) for campylobacter; 1 of BO specimens {1.3 per-

eent) cultured for yersinia and 1 of 73 {1.4 percent}

cuftured for acromonas were positive. During the
same period, 14 of 1744 stoo) specimens examined for
ova and parasites (0.8 percent} were found to have
grardia, and 3 of 266 sperimens cultured for enteric
viruses (2 percent) were positive. Arn gnzymé immuno-
assay kit for, rotavirus was used 1o test 96 specimens,
3 of which (3 percent) were positve. From March
| through Aprit 6, 127 of 42 stool specimens (29
percent) tested for cryptosporidium were positive;
from April 8 through April 16, 331 of 1009 spec-
imens (33 percent) were positive, We fpund no evi-
dence of cyclospora infection. Qocysts examined by
e Centers for Discase Control and Prevention were
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were positive for crypto-

sporidium with monoclonal-antibody sta...ag.

Examination for Enteric

Cryptosporidium was id
from 8 of the 11 people wit
percent) whose apecimens
hours alter the onset of ill
teric bacterial and viral
scopical studies, and stool
and parasites, including cy4

ntified in stoal specimens
gastmintcstinal illness (73
were obtained within 48
ess. Stool cultures for en-
athogens, clectron micro-
examination {or other ova
tlospora and microsporida,

were negative. None of tl[e pairs of serum samples

{obtained during the acute

and convalescent phases of

illness) had a fourfold rise n antibody to the Norwalk

ViTus.

Laboratory-Confirmed Crypt '

Of the 285 patients
cryptosporidium infectio
male, 130 (46 percent}

ridium Infection

ith laboratory-confirmed
170 (60 percent) were fe-
re hospitalized during the

course of their illness, and|48 (17 percent) were immu-

nocompromised; their me
9 months to 93 years). Al

n age was 41 years {range,
285 patients had diarrhea,

and 265 (93 percent) cha cterized it as watery (Table

1). The median durati
(range, | to 33}, with a
12 stools per day (range,

fever, the median reportad
2 to 40.5°C [99 10 105°F]).

of diarthea was 9 days

edian reported maximum of

10 90). Among people with
maximal temperature wWas

The date of the onset ofjillness was available for 2534
confirmed cases with an paset during the peried from
March ! through April |5 (Fig. 2, upper panel).

Of the 200 patients
fection who were inte

ith laboratory-confirmed in-
ewed with the longer ques-

donnaire, 150 (75 perce t) reported weight loss, with

a median loss of 4.9 kgi(!
(1 to 40 1b}), and Bl {4}

0 1b) (range, 0.43 10 18 kg
percent) were hospitalized

with cryptosporidium i {cction for 2 median of 3 days
(range, | to 53). Sevenfy-seven patients (39 percent}

01653
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Figura 3. Aleponied Date of the Onset of Watery Diarrhaa during

the Fariod from March 1 through April 28, 1993, in 436 Cases of

intaction kiantified by a Random-Digit Telaphone Survey of the
Graater Milwaukee Area

preak (Fig. 3}, The attack rate was similar for males
ar * females acd was highest among .. Jseh
bers who were 30 10 39 years ol age (Table 2).

The rate of watery diarrhea was highest among
the residents of the MWW southern region (52 per-
eent), less high in the middle zone (33 percent) and
northern region (26 percent), and lowest outside the
MWW service area {13 percent) (Table 2). The risk of
warery diarrhea was higher among residents of the
MWW service area than among residents of areas
ouiside the MWW region (relative nsk, 2.7 95 percent
confidence interval, 2.2 10 3.2: P<0.001). As com-

~ pared with the risk of watery diarrhea among people

living owtside the MWW’ service area, the risk was
more than three times higher among residents of the
MWW southern region (relative risk, 3.6; 93 percent
confidence interval, 3.0 o 4.3; P=<£0.001), more than
twe times higher among those in the middic zone

(relative risk, 2.4: 95 percent confidence interval,

1.4 1o 3.3; P=0.001), and almost two times higher
among those in the northern region (relative rigk, 1.8;
93 percent confidence interval, 1.38 1o 2.3; P<20.001).
Arong the 644 people who rosided outside the MWW
service area and worked outside the home, 11 of the 28
(3% percent) who worked in the southern region had
walery diarrhea, as compared with 94 of the 616 (15
percent) who worked outside the southern region {rel-
ative risk, 2.6; 95 percent confidence interval, 1.6 to
42: P = 0.002). )

Estimate of the Magnitude of the Qutbraak

By applying the rate of watery diarrthea amang the
survey participants (26 percent) to the total popula-
tion of the greater Milwaukee area (1,610,000 people),
we estimated that 419,000 people (95 percent confi-
dence interval, 386,000 w 431,000) in this area had
watery diarrhea during the survey period. Using a
background rate of 0.5 percent per month for cases of
watery diarthea among residents, we estimated that
16.000 cases of watery diarrhea unrelated 10 the wa-
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" terborne outbreak could have been expected during
March and April 1993 (unpubljshcd data). Thus, an
estimated 403,000 people had |watery diarthea that
could be auributed to this outbreak.

A massive outbreak of waterborne cryptosporidium
infection occurred in the greatet Milwaukee area dur-
ing late March and early April |993. We cstimate that
more than 400,000 people wede affected during this
outbreak: however, by limiting the case definition to
watery diarrhea in our survey, we may have underesti-
mated the size of the affected gopulation. Cryptospo-
ridium infection was confirmed|in more than 600 peo-
ple with gastrointestinal illness in association with this
outbreak, and despite intensivejinvestigation, no other
enteric pathogen could be found to account for the
itiness. |
More than half the people who received residen-
tial drinking water predominaptly from the MWW's
southen water-treatment plan became ill, which was
twice the rate of illness amo
tial drinking water came maiply from the MWW's
northern water-treatment plant. The intermediate ai-
tack ratc among residents of| the middle zone was
expected, since the MWW disttibution system, adjust-
ing for variations in flow, wo Id have intermitently
allowed water from the southgrn plant to reach their
residences. Diarrhea among people not living in the
MWW service area may have gesulted from consump-
tion of water while they were working in or visiting the
area. Among nursing home residents in the northern
region, who were unlikely to avel ' there was no in-
crease in diarrheal illness associated with the out-

Table 7. Rate of Watery Diafrhea from March 1
through Apdil 28, 1983, -Regpondents in a
Random-Digit Talaphone Surday of Houzeholds in
the Graater Miwaukee Area) According to Sex,
Age, and Water W Region.

Na. oF  RIORTING | ATTACE

CrakarTaaniic RESONOENTS WATERY TAARAHEL  RATE (%)
Tonal 1653 436 26
Sex
Maic 183 193 25
Female 217 243 28
Urkniwn 3 4]
Mg [y
=0 155 49 19
10=-19 240 53 L
-2 pip) 3] M
039 n i §04 Lt
L 118 74 i1
5059 149 7 i
B0-69 1] . 4 X
=1 155 ' 22 4
Unknawn 0 ) 10
Water Works region ’
Mww 90 M9 W
Sowhern 359 136 52
Middle zape 29 L¥) L3]
Honhemn M1 31 16
MNona MWW 373 127 15
G01654
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and outbreaks are likely to be underrecognized *'"
Our findings have implications for standards of water
guality, public health surveillance, and recognition af
erprosporidium outbreaks in the United States. Uniil
an mexpensive, rapid, and sensitive means of detect-
ing 2nd quantifving cryptosporidium in treated water
s available, we believe that water-treatment plants
should consider instituting continuous monitoring of
ireated water for turbidity, particularly of filer efflu-
ent and particle size. Plant design and water-treat-
ment procedures should be improved to maintain the
qaulity of treated waler at a level that will make the
pre-ence of gocysts unlikely {e.g., a goal of turbidity
50 t NTU). We recommend that clinicians and labo-
cat.ries consider performing routine stool tests for.
¢ posporidium in people with watery diarrhea and
tha! public health officials make cryptosporidium in-
fsciion 2 reportable condition. In the United King-
dom, water and health officials have already devel-
oprd an extensive strategy to investigate the clinical
importance of cryptosporidium found ii, water sup-
plis.™ Iniensive efforts and cooperati~n between the
te dical community and those who provide and regu-
lat- drinking water in the United States will be re-
qu-red to prevent future waterborne cutbreaks cauvsed
by this emerging pathogen and ensure the salfety of
drinking water for all citizens.

\\r are indebied to the following people for their contributions to
e study: Walter Powers. AJ. Henry, and Richard F. Regent,
Al waukee Water Works, the infection-control practitioners at
pa- ipating nursing homes and hospitats in the Milwaukee area;
th shreciors and parasitologisg an the 14 participating clinical abo-
ra1 et in the Milwauker vicinity: Hon. John Norquist. maver of
the Cin of Milwaukes, Paul Nannis, director, Thomas Schlenker,
Al *1. and the staff of public health purscs and admirisirators,
Mawaukes Health Departmenn Weady L. Schell, AM.A., Helen
Nr th, BN, Jackie Kaowalski. R.N., Jobn Chapin, Ivan imm, and
Ar Hanev. Wisconsin Division of Health: Ron Tursky and the

sta + of the Milwaukee 3TD Program; Carol Graham, RN, and

the volunteer public health nurses of the Greater Milwaukee area;
Gr a)d Sedmak, Ph.D., Ajaib Singh. Ph.D., and the stafl of the
M- aukee Bureau of Laboratories; Paul Bicdraycki and the safl
of he Environmental Health Section, Milwaukee Health Depart-
i, Deonis Juranck. DV M., Division of Parasiuc Discases,
L+ ter for Infections Discases: Roger Glass, M.D, MLPH. Ph.D.
Wi adran 5 Monroe, Ph.D, Charles Humphries, Ph.D.. and Sara
Su e, Centers for Disease Conurol and Prevepton {CDC) Viral
G.troenicrology Laboratory, Margaret Hurd and the staff of the
I Parasitolom Laboratory; the stall of the Wisconsin State
L. Yaraton of Hygiene; the staff of the Survey Research Laborato-
n Lpiversity of Wisconsin Exiension, Darren Lyde, B.E., U5
E.vronmenta! Protection Agency: and Ava Navin, Epidemialogy
P yram Ofice, CDC.
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