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Introduction

During March and April 1993, a mas-
sive, wattbome outbreak of eryptosporidio-
sis occurted among residents of and visitors
to Milwaukee, Wis. In Milwaukes, water
obtained from Lake Michigan s chlorinated
and filtered at one of two Milwaukee Water
Works plants before entering the wat=r dis-
tribution system. The source of this outbreak
was Lake Michigan water contarminated
with Cryptosporidium oocysts. This contam-
ination was not adequately r:moved at an~
of the Milwaukee water reamment facilines,
allowing Cryptosporidium oocysts 1o enter
the drinking water supply. It is estimated that
403 000 residents living in a five-county
area and numergus visitors to the city of
Milwaukee experienced watery diarrhea
during this outbreak '~

Cryptosporidiosis is characterized by
watery diarthea, often with abdatninal
cramping. nausea, vomiting, and fever.”™ tn

~ gtherwise healthy persons, the infection and

disease are usually setflimited; in immuno-
compromised hosts, however, Crypiosporid-
fum infection can be unrelenting and fatal **
Understanding the potential for fatal ont-
comes associated with waterborne cryp-
tosporidiosis outhreaks needs to be an
impornant part of discussions about pravent-
ing such outbreaks. This report presents
results of an analysis of death certficate data
to provide an estimate of eryprosporidiosis-
asseciated monality during the 2 years fol-
lowing the massive waterbome outbreak of
Cryprosporidivm infection in Milwaukes.

Methods

Wisconsin death certificate data
obtained from the Center for Hzalth Statis-
tics, Wisconsin Divigion of Health, were
analyzed for April 1, 1990, through March
31, 1995, The Milwaukee waterbome cryp-
tosporidiosis outbreak began i mid- to late
March 1993." For the purposes of this
report, March 15, 1993, 15 defined as the
beginming of the interval of the waterbome
Cryptosporidivm exposure that led to the

OLE6SY

Milwaukes outbreak. The overall snudy pen.
od smcompasses approximately 2-vear .
valg before and after the beginning of the
sure interval, The preexposure period o
defined as April |, 1991, through March 14,
1998, the postexposure period is defined a
15, 1993, thraugh March 31, 1995
The Milwauker Waler Works supplie
water to 800 000 residents of the city of
Milwaukee and 10 other municipalities
Milwaukee County. In addition, residents of
communities within Milwaukes County and
e fap- surrounding .. .aues [
by the Milwaukee Water Works. have fre-
quent opportunities [0 consume water
treated by the water works while working
in, gr visiting, areas supplied by it. For this
n, mortality estimates were derived for
15 whose death certificate specified
residency in a five-county Milwaukee
vicigity. The Milwaukee vicinity is defined
ilwaukee, Ozaukee, Racine, Washing.
ton, pnd Waukesha counties.

Wisconsin death certificates list the
Intesnational Classification of Diseases, %
revidion, clinical medification (HCD-9-CM)
for the wnderlying cause of deal‘.h and
up fo 20 contributing causes. ® Cryp-
tosporidiosis is goded with the code for coc.
cidigeis, ICD-9-CM 007.2, which is also
for infections by the genus fsospora

defifed as cryprosporidiosis associated. In
this gtudy, an acquired immunodeficiency
syndrome (AIDS) death 15 defined as any
death that had AIDS (ICD-9-CM 042.0
throbgh 044.9). but not cryptosporidiosis
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CN-9-CM 007 21, coded as the undertying
+ a» 2 conmbuting cause of death

Dats were analvzed with Ep info Ver-
an 6 02 software {Centers for Disease

| nuol and Prevenuor. Atlant, Ga). Lan-

f regression analvsis was conducted and
sclation coefficiemts, predicled values
-om lincar regression, and confidence
-iervals for the predicied values were cal-
_lated with the use of Confidence interval
ingby st sofware ’

Results

From Apal L, 1991, through March 31,
% 5% cryplospondiosis-associated deaths
ceurred among residents of the Milwaukee
ity . 4 occurred duning the preexposure
~nud., and 54 occurred during the postex-
~ure penod {Figure 1). Dunng the same
«niod. 10 crypiosporidiosis-associated
seaths occurred among Wisconsin residents
a1 outside 1t Milwaukee vicinitv: 4
wurred dunng the preexposurs per "o,
ad & occurred dunng the postexposure
~mod {Frgure 1)

Among Milwaukeg-vicinity postoul-
“reah cryplospondiosis-associated deaths.
. prospondiosis (HCD-9-CM 007.2} was
weorded as the underlying cause of death
‘st ™8 . for the remainder, cryplosporidiosis
3. recorded as 2 contributing cause
Tanle )). AIDS was the underlving cause
{ death for R5%, of postoutbreak eryp-
pondiosis-associated deaths among resi-
wents of the Milwaukee vicinity. The

_ imographic characteristics of the postout-

weak eryplosponidiosis-associated deaths

_smong residents of the Milwaukes vicinity

-

Tahle 1) are consisient with those of per-
.n- with AIDS in this area,

During the 3 vears prior to the oul-
reak (Apri! 1990 through March 1993),
mere was a lincar incrzase in the number of
A5 deaths among residents of the Mil-
aaukee Victmty (" = &R) (Figure 2). If we
sirapolate this trend through the postout-

. reak period. the number of AIDS deaths

!

wedicted durng cach é-month interval
auuld be 59 (95% confidence interval {CI]
- 12, &h) during Apri! through September
aul: 61 (955 C1 = 54, 72) during October
Y93 through March (994: 66 (95% Cl =
th, 771 during April through Sepiember
'9u4: and 70 (95% C1 = 58. 82) during
Getober 1994 (hrough March 1995

Among residents of the Milwaukee
aamity. 78 AIDS deaths were identified
Iunng the tirst -month postoutbreak ner-

.21 fApni through Scptember 1993)—19

wivy O] = 12, 26) morc than predicted
+wm the preoutbreak trend (Frnare 2y Dur-

’
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Humber of deaths

{b)

Humber af deaths
F Y

FIGURE 1 —Crypmlpoﬁdluslﬂlmi-tnd
of (a) the S-county Milwaukee vicl
countias outside the Mitwaukee vicinlty (n = 10), by month ol
deuth: April 1, 1891, through Margh 31, 1991.

s among Wiaconaln rey, ants
{n = 58) and {b) tha &7

ing the next two 6-month intervals {Apnil
through September 1993 and Cclober 1993
through March 1994), the number of AIDS
deaths identified (48 and 46, respectively)
was significantly lower than predicted.
During the last 6-month interval analyzed
{October 1994 through March 1995), the
64 AIDS deaths identified were not signifi-
cantly different from what was ptedicted by
the preoutbreak trend.

Discussion

This analysis indicates that among
residents of the Milwaukee vicinity, the

number of cryptospuridiusis-nssuci;tcd
deaths increased markedly following the
walerborne outbreak. Fifty-four eryp-
(oshoridiosis-associated deaths occurred
g the 2-year postoutbreak period com-
with 4 in the 2 years before the out-
break. This represents more than 3 13-fold
indrease in cryptusporidiosis~associatcd
mqrtality. If, in this population, 4 cryp-
todporidiosis-associated deaths in 2 years
ard expected under rypical gifcUmMSsLances.
thén during the 2 years following the out-
break, an additional 50 cryptosporidiosis-
astociated deaths occurred.

This estimate should be interpreted
th caution for several reasons. Death cer-

|

{hrough March 31, 1985

TABLE 1—Undaerlying Cause of Death for Chptospurldlo_sis~Asso=iatad Deaths
{n = 54) among Residents of the

ilwaukee Vicinity, March 16, 1993,

Undarlying Cause of Death

ICD-8-CM Cods® Mo, of Deaths  Percentage ol T“‘j'h

AIDS 042.0-044 91 48 85

Coccidioss 0072 4 7 ‘

Unspecifiad viral hepatitis 70.9 i 2

nNeoplazm ol the brain 2396 1 2

Heart falure, unspaciled 428.9 1 2

Aleohaiic citrhasis of the Bver 571.2 1 __i__.___
__.—-—'—-';-_-—
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TABLE 2—Damographic Characteristics of Crypiosporidiozis-Associnted
Deaths (n = 54) among Residents of the Milwaukes Vicinity, March
16, 1993, through March 31, 1985 ]

Mo ol Deaths ‘Parceritage of Towl
Sax

Maig a8 ’ a1

Famale 5 9
' Raca/ethrucity

white, non-Hispanc 41 76

Black. non-Hispanic 7 13

Hispamc B 11
. Gounty of residence

Milwaukes 47 BY

Aacine 2 4

Waukesna 5 g

MNote Medan ags at death was 35 years (range. 1-89 years],

icate data do not include the date of pnset,
ce of mnfectuon. of other informanon that
defimuvely ink any ndividual death 1o
posure to comammated drinking water
m the Milwaukee municipal water sup-
v Some of the decedens may have been
feu 1ed with Crplosporidium glsewhere, at
i[Ferent ume, or from a different source,
Because of the targe amount of public-
associated with the Milwaukee cryp-
sporidios)s outbreak, awareness of
vplospondiosis was higher during the
stexposure penod than during the preex-
sure pened. This increased awareness
sulted 1noancreased tesung for Crip-
sporidium by health care providers and a

subsequent wcreased likelihood that cryp-
tosporidiosis would be listed as a cause of
death. If this happened, some of the appar-
ent increase in pastexposure mortality could
have resulted from increased awareness and
thus nwi represent & e iNcrease i occwr-
rerce. While this possibility should be con-
siderc.. the effecy, if any, that this factor
had on the mortality estimates cannot be
determined from these data.

Another consideration 15 whether cryp-

tosporidiosis-zssociated mortality was

underreported on death certificates. We ana-
lyzed A1DS mortality trends among resi-
dents of the Milwaukee vicinity who did
not have cryptaspondiosis recorded on their

Humber »f daslbn

Projected trend with $8% C}

FIGURE 2 —AIDS deaths, axcluding cryptosparidiosis-associated deaths,
among residents of the Mitwaukee vicinity, by &-month interval,
and projectad linear irand based on deatha from April 1990

through March 1993,
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death geruficates. and we noted 2 sigruficay
inereage in AIDE mortality duning the frm g
monthy after the outbreak. followed by
6-month untervals with lower-than-expectsy
AlDSj mortality, and then a return i
levels. This pattern 15 congistag
rure AIDS mortality among per.
sons who would have otherwise died latey

e Milwaukee cryptospendiosis out-
break jwas the largest outbreak of  _.er
bome (disease ever reponed n 1h: United
Suates]' Qur analysis indicates that this out-
break|was associated with a substantial
number of deaths, particularly in immumo-
compomised populations. The Milwauke:
populgtion is not unique ip it suscepubility
to the [savere consequences of 3 waterbome
cryptdsporidiosis outbeeak, En many othe

erably larger than in Milwaukee. Indeed. in
just prior to the outbreak, the annaal
AIDS case rate in the Milwaukes

rypiosporidium contamination of sur-
ater is quite comumon. Studies indi-
eme that Cryprosporidium pocysts art pres
in 67% o 97% of surface waters tested

more] the numnber of ingested Cryplospond-
fum gocysts required to cause illness is
quite{low. A recent repon noicd that the
ian human infective dose could be &
132 aocysts.”® The ubiquilous nawre
of this protozean in surface water, is high
infectivity, and the large numbers of indi-
Is at risk of severe diseasc underscoft
tential for fatal outcomes associated
with{ waterborne Cryptosporidium oul
breals such as occurred in Milwaukes T0
prevent future loss of life from waterbome
Crvptosporidium outbreaks, it s essental 10
ensufe that all persons have access 1@ saft
dnnking water. —
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Introduction

Lyme disease is caused by infection
with the spirochete Borvelia burgdorferi,
acquired from the bite of an infective
Irodes scapularis tick in the northeastern

. and upper midwestern United States or

Ixodes pacificus in the West.! First
described in 1977 as a chronic arthriis
among children living in Connecticut.’
Lyme disease has become an important
emerging infectious dizeas= over the past
decade, accounting for mort than 90% of
all reported cases of vector-bomne illness in
the United Grates. In 1996, 16461 cases of
Lyme discase wers reported to the Centers
for Disease Control and Prevention (CDC)
py 45 state health departments.’ The overall
trend has been an average 15% annual
increase in reported cases since 1991, when
all 50 states adopted the nationat Lyme dis-
ease case surveillance definition. Although
considerable knowledge of the biology and
ecology of Lyme disease has been acoumu-
jated,” " the prevalence of behavioral risk
factors for Lyme disease has not been well
defincd. No studics have systematically
mveshpated the factors that motivate indi-
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ve measures against Lyme disease
mmended personal protective meas-
res against tick bites inciude weanng

idu{ls 10 take health-directed persanal pro-
i

lighl-colored clothing. long-sleeve shims.
and|long pants; tucking pant legs 1mio
socks; using a tick repelient on ¢lothing and
exppsed skin: or practicing & combinatien

o

fl!bl:ﬁi!.‘:'“
The purpose of this study was to char-

acterize Lyme disease-velated knowledge.
attifudes, and behavioral risk factors of per-
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