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Cryptosporidiosis in Virginia

Introduction

Cryptosporidiosis is a diarrheal dis-
ease caused by microscopic parasites
of the genus Cryptosporidium.* The
parasite was yrst detected in mice in
1907, but the yrst human case was not
documented until 1976. The public
health signiycance of Cryptosporidium
infection became more apparent with
the onset of the Acquired Immunodey-
ciency Syndrome (AIDS) epidemic in
the 1980s.2

Over the past two decades, cryptospo-
ridiosis has become recognized as one
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of the most common causes of water-
borne diseases in humans in the United
States. In recent years, the incidence of
cryptosporidiosis has increased in Vir-
ginia. This article describes the patho-
genesis and clinical

90% of infections. Human infection
with C. meleagridis, C. felis, C. canis,
C. muris, C. suis, and the monkey and
cervine genotypes of Cryptosporidium
has been reported rarely.

characteristics of
Cryptosporidium
infection, and the
epidemiologic pat-

tern in Virginia from | cryptosporidiosis.

Fast Fact: Coccidia are obligate,
intracellular protozoa that also
include the agents of cyclosporiasis
and toxoplasmosis, as well as

The parasite sur-
vives in the intestines
of infected hosts (hu-
mans or animals) and
passes through the
stool as an oocyst.

1999 to 2006.

Pathogenesis, Symptoms,
Diagnosis, and Treatment

Organisms of the genus Crypto-
sporidium are small (diameter: 4-6
pm) coccidian parasites that infect the
mucosal epithelium of a number of ver-
tebrates including humans. There are 16
known species within the genus—Cryp-
tosporidium parvum and C. hominis
are the most common pathogens in
humans, and account for more than

The oocyst’s outer
shell makes it highly resistant to chlo-
rine-based disinfectants and capable of
surviving in the environment for a year
or more. Environmental contamination,
particularly in drinking and recreational
water, are the main sources of outbreaks
and sporadic infection.
Cryptosporidium causes illness at
low doses.! Once ingested, the oocyst
survives to reach the gastrointestinal
tract and release infective sporozoites to
invade the epithelial cells of the intes-



tines. The parasite then =
forms parasitophorous E
vacuoles and triggers
survival signals such
as the nuclear factor-
kappa B (NF-kB) in ®
the infected cells. This
enables the parasite to |
propagate and induces e
alterations in adjacent
uninfected cells that

N R ) 5 um
impair absorptive and ——

secretory function, lead-
ing to clinical manifes-
tations of infection.®

Figure 1. Microscopic detection of Cryptosporidium oocysts: A. Oocysts (red) stained by the acid-
fast method. B. Oocysts under the differential interference contrast microscope. C. Oocysts labeled with
immunopuorescent antibodies. (Caccio, SM, Expert Rev Anti Infect Ther 2006: 4:429-443)

Incubation of Cryp-
tosporidium infection
is usually 1 to 12 days with an average
of seven days. The predominant symp-
tom is profuse, watery diarrhea with
mucus; this may be accompanied by
abdominal cramps, nausea, vomiting,
fever, dehydration, and weight loss. As-
ymptomatic infection is also common
and constitutes an important source of
infection of others.

The clinical manifestations of Cryp-
tosporidium infection depend on the
infectivity of the oocyst and the host
immune response. For those who are
immunocompetent, the infection is
usually asymptomatic; symptomatic
infections are typically self-limited and
remit within two weeks. For immuno-
compromised individuals, the infection
can be prolonged and induce more se-
vere illness. Individuals with a CD4+
cell count less than 50 cells/pl have been
noted to have the highest

blue. Immunopuorescence microscopy
and enzyme-linked immunosorbent
assays provide better sensitivity and
specificity and are now commonly
used in diagnostic laboratories (Figure
1). A puorescein-tagged monoclonal
antibody is useful in detecting oo-
cysts in stool and in environmental
samples. Serologic assays are helpful
in epidemiologic studies but are of little
diagnostic value because healthy indi-
viduals can be positive for antibodies
to Cryptosporidium, making it difycult
to determine when the individual was
infected. Molecular techniques such as
polymerase chain reaction (PCR) are
mainly used for research purposes. If
biliary disease due to Cryptosporidium
infection is suspected, ultrasonography
and/or endoscopic retrograde cholan-
giopancreatography (ERCP) should be
considered.®

Satisfactory treatment of cryptospo-
ridiosis may be difycult. For immuno-
competent individuals, an antidiarrheal
treatment that includes puid and electro-
Iyte supplements is usually sufycient. If
the infection is persistent, antiparasitic
agents such as nitazoxanide, paromomy-
cin, or azithromycin may be considered.
For HIV-infected individuals, treatment
includes use of the highly active antiret-
roviral therapy (HAART), antiparasitic
treatment, and supportive care.!?

Epidemiology
Cryptosporidium parasites exist in
almost every region of the world. Hu-
mans and animals are both susceptible
to Cryptosporidium infection. The
prevalence of Cryptosporidium infec-
tion in immunocompetent populations is
about 2.1% in developed countries and
6.1% in developing countries. Among
individuals with HIV in-

risk of developing severe
iliness and prolonged car-

Figure 2. Incidence (per 100,000 Population) of
Cryptosporidiosis by Event Year, Virginia, 1999-20
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fection, the prevalence of

06 Cryptosporidium infection is

approximately 14% in devel-
oped countries and 24% in
developing countries.*

From 1999 to 2002,
12,700 cases of cryptospo-
ridiosis were reported in the
United States.® The highest
risk for infection is sum-
mer and early fall: in the
United States, most cases
are reported in July through
September.
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ing water is the major risk
factor for Cryptosporidium
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with contaminated drinking
water. Livestock fecal pollu-
tion has been documented as
a signiycant source of water-
borne outbreaks as well as spo-
radic infection. Contamination
of recreational water, particu-
larly swimming pools, where
chlorine is unable to eliminate
oocysts has been linked to
Cryptosporidium infections:
an estimated 10,000 people
were infected with Crypto-
sporidium in the 1990s due
to exposure to contaminated
recreational water.® Foodborne
transmission occurs less often
but has been reported for con-
taminated apple cider, unpas-
teurized milk, chicken salad,
and raw produce.? Infection
due to person-to-person con-
tact, particularly in settings
such as daycare centers and
hospitals, as well as to family
members and sexual partners
of infected persons, has also
been reported. In addition,
traveling in countries and re-
gions where cryptosporidiosis
is common, and frequent con-
tact with animals, are also risk
factors for Cryptosporidium
infection.

Cryptosporidiosis in
Virginia
Cryptosporidiosis became
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Figure 3. Number of Reported Cases of
Cryptosporidiosis by Event Month, Virginia, 1999-2006
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conducted. Population data for
each year in Virginia were ob-
tained from the U.S. Census Bu-
reau (projections were made for
2006 based on 2005 population
data since population data were
not available for 2006 at the time
the analysis was performed).
From 1999 to 2006, a total of
374 cases of cryptosporidiosis
were reported in Virginia. The
average annual incidence was
comparable for males and fe-
males (0.69 in males compared
with 0.59 in females per 100,000
population). The incidence was
highest in infants and young
children below nine years of

Figure 4. Annual Average Incidence (per 100,000
Population) of Cryptosporidiosis by Health Planning
Region, Virginia, 1999-2006
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age, followed by adults 30-39
years of age. Despite some
puctuations, the incidence has
increased steadily, with the
rate in 2006 more than double
the rate in 1999 (Figure 2).
July, August, and September
had the most reported cases,
accounting for nearly half of
the total cases (Figure 3).
Geographically, the inci-
dence of cryptosporidiosis was
highest in the Southwest Health
Planning Region, followed
by the Northwest, Northern,
Central, and Eastern Health
Planning Regions (Figure 4).
Among the 10 leading districts
with the highest incidence,
five were in the Southwest

Region (Mount Rog-

a reportable dis-
ease in Virginia in
1999 (State Board

of Health’s Regu- 30

lations for Disease

Reporting and Con-
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Figure 5. Incidence (per 100,000 Population) of Cryptosporidiosis by
Event Year and Health Planning Region, Virginia, 1999-2006

ers, Central Virginia,
Roanoke City, Al-
leghany, Pittsylvania/
Danville) and three
were in the North-
west Region (Lord

= NOrthwest
= [] = Northern
=\ == Southwest
== Central
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Fairfax, Rappahan-
nock/Rapidan, and
Thomas Jefferson)
(data not shown).
The increase in the
incidence of crypto-

sporidiosis over time
was not apparent in
the Northern, Cen-
tral, and Eastern Re-
gions but was evident
in the Southwest and
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Figure 6. Incidence (per 100,000 Population) of
Cryptosporidiosis in 35 Districts, Virginia, 1999-2006

Northwest Regions (Figure 5). The an-
nual average incidence of cryptosporidi-
osis in the 35 health districts of Virginia
is displayed in Figure 6. Overall, the
epidemiologic characteristics of crypto-
sporidiosis in Virginia are similar to the
national data in terms of temporal trend,
age distribution, and seasonality.®

The increase in the incidence of
cryptosporidiosis may be in part related
to the designation of cryptosporidiosis
as a reportable disease in 1999—this
may have made healthcare profession-
als more aware of the condition, and
more likely to report cases. Advances
in diagnostic technology may also have
contributed to the increasing diagnosis
and reporting.

Although the underlying reasons for
the increase in cryptosporidiosis in the
Southwest and Northwest Health Plan-
ning Regions require in-depth investi-
gations before speciyc conclusions can
be made, this ynding may be a result of
livestock fecal pollution given the large
farming lands in these areas. Livestock
fecal pollution of water sources has
been documented as the main cause
of sporadic cryptosporidiosis in some
countries.’

Despite the increasing trend in the
levels of cryptosporidiosis reported in
Virginia, itis very likely that the surveil-
lance data still signiycantly underesti-
mate the risk of infection in the state.
Reasons for this include the occurrence
of asymptomatic infections, the inability
to detect affected individuals who do not
seek medical care, the omission of test-
ing in the diarrheal workup by health-
care professionals, and incomplete case
reporting by clinicians.®

Although the reported cases in Vir-
ginia from 1999-2006 were sporadic
4

events, the potential for outbreaks
exists. In 1993, a large scale water-
borne outbreak of cryptosporidiosis
occurred in Milwaukee, Wisconsin.
This outbreak involved an estimated
403,000 infected persons, and a total
of approximately $96.2 million in
medical expenses. Cattle fecal con-
tamination of drinking water was
determined to be the culprit for the
outbreak, but inadequate monitoring
of the water supply system and a lack
of a test for cryptosporidium in stool
samples of patients with diarrhea
resulted in delayed detection and in-
tervention.® Therefore, awareness and
preventive measures are important to
reduce the burden of illness due to
cryptosporidiosis.

Prevention and Public
Health Efforts

The low infectious dose, high com-
municability, chlorine resistance, and
diagnostic challenges in identifying
cases make cryptosporidiosis an on-
going public health concern in Virgin-
ia. Health education and public health
endeavors are necessary to prevent
the occurrence of communitywide
outbreaks of cryptosporidiosis and
to reduce sporadic infections. Local
and state agencies must work toward
this goal through enhancing public
awareness of disease control recom-
mendations (e.g., personal hygiene),
ensuring drinking water quality and
preventing water contamination, and
enhancing disease surveillance.

In particular, it is important that
individuals should follow the rec-

(continued on Page 5)

Box 1:Recommendations to prevent
and control cryptosporidiosis®

1. Always practice good hand hygiene

* Wash hands with soap and water for at least
15 seconds, rubbing hands together vigor-
ously and scrubbing all surfaces

2. Prevent contamination of recreational water
such as swimming pools, spas, interactive
fountains, and lakes

* Do not swim when ill with diarrhea

« Take children on frequent bathroom breaks
and check their diapers often

* Change diapers in the bathroom, not at the
poolside

« Wash children thoroughly with soap and
water after they use the toilet or their diapers
are changed and before they enter the water

A Shower before entering the water

3. Prevent infection and illness caused by water
that might be contaminated

« Do not swallow water in swimming pools,
spas, and interactive fountains

« Do not swallow untreated water from lakes,
rivers, springs, ponds, streams, or shallow
wells

« Do not drink inadequately treated water
during communitywide outbreaks caused by
contaminated drinking water

« Do not use or drink inadequately treated
water when traveling in countries where the
water supply might be unsafe

« If the safety of drinking water is in doubt,
disinfect it by heating the water to a rolling
boil for 1 minute, or use a ylter that has been
tested and rated by the National Safety Foun-
dation (NSF) Standard 53 or NSF Standard
58 for cyst reduction; additional treatment
is needed to kill or inactivate bacteria and
viruses in yltered water

4. Prevent infection and illness caused by eating
food that might be contaminated

« Use properly treated water to wash all food
that will be eaten raw

* Do not eat uncooked foods when traveling in
areas where cryptosporidiosis is common

5. Prevent contact and contamination with feces
during sex

« Use a barrier (e.g., a dental dam) during oral-
anal sex

« Wash hands immediately after handling
a condom used during anal sex and after
touching the anus or rectal area

6. Prevent and control cryptosporidiosis for im-
munocompromised persons

* Minimize contact with the stool of all animals,
particularly young animals

* Have others change litter boxes and clean
cages; wear disposable gloves when clean-
ing up after a pet and always wash hands
when ynished

* Wash hands after any contact animals or
their living areas

¢ Wash, peel, and if needed, cool all raw veg-
etables

A Boil or ylter drinking water to ensure its
safety, particularly in an area experiencing an
outbreak; yltered water will need additional
treatment to Kill or inactivate bacteria and
viruses
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(continued from Page 4)

ommendations in Box 1 to prevent and
control cryptosporidiosis. It is also rec-
ommended that healthcare professionals
consider testing for Cryptosporidium in-
fection among patients with diarrhea; all
positive tests should be reported to the
local health department. Public health
surveillance of cryptosporidiosis can
identify potential clusters and prompt
investigation to recognize local risk
factors, thereby preventing large-scale
outbreaks from occurring.

Conclusion

Cryptosporidium infection has been
increasing in Virginia since 1999. The

increase is most evident in the South-
west and Northwest Health Planning
Regions. Although the reported cases
are sporadic, the risk of large-scale out-
breaks exists. Healthcare professionals
should educate their high-risk patients,
test for the oocysts among patients
with diarrheal illness, and report any
known or suspected cases to the local
health department to facilitate prompt
investigation.
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Update to CDC’s STD Treatment Guidelines, 2006:
Fluoroquinolones No Longer Recommended for Treatment

of Gonococcal Infections

On April 13, 2007, the Centers for Disease Control and
Prevention (CDC) announced that puoroguinolones are
no longer recommended for the treatment of gonorrhea in
the United States.! Gonorrhea, the second most commonly
reported disease, is a sexually transmitted infection that
can cause cervicitis, urethritis, and pelvic inpammatory
disease.

This recommendation was based on analysis of new
data from the CDC’s Gonococcal Isolate Surveillance
Project (GISP), a sentinel surveillance system that moni-
tors trends in antimicrobial susceptibilities of strains of
Neisseria gonorrhoeae in the U.S. In the yrst half of 2006,
the proportion of gonorrhea cases in the U.S. that were
puoroguinolone-resistant (QRNG) reached 6.7%, an 11-

tal or anal infection only, include Spectinomycin (not cur-
rently available in the U.S.) or some of the other single dose
cephalosporins. Aspecial update to the CDC’s 2006 Sexually
Transmitted Disease Treatment Guidelines is available online
(at www.cdc.gov/std/treatment/2006/updated-regimens.htm).
The update also describes appropriate therapies to be given
for advanced stages of gonorrhea (e.g., pelvic inpammatory
disease).

The CDC is closely monitoring for cephalosporin resis-
tance through the GISP system. In addition, they will work
with government and industry partners to identify and evalu-
ate promising regimens.

Healthcare professionals are urged to report any drug re-

fold increase from 0.6% in
2001. The most commonly
used puoroquinolones were
ciprofloxacin, ofloxacin,
and levopoxacin.

This recommendation
now limits yrst line therapy
for gonorrhea to a single
class of antibiotics: cepha-
losporins. Injectable cef-
triaxone is the preferred
cephalosporin for all types
of uncomplicated gonor-
rhea (genital, anal, pharyn-
geal). Alternative therapies,
which can be used for geni-
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Uncomplicated Gonococcal Infections of the
Cervix, Urethra, and Rectum*

Recommended Regimens
Ceftriaxone 125 mg IM in a single dose
OR
CeyximeA 400 mg orally in a single dose
PLUS

TREATMENT FOR CHLAMYDIA IF CHLAMYDIAL
INFECTION IS NOT RULED OUT

*This regimen is recommended for all adult and adolescent
patients, regardless of travel history or sexual behavior
TThe tablet formulation of cefixime is currently not available
in the United States.

sistant gonorrhea cases to the
state or local health depart-
ment. Doing so helps the Vir-
ginia Department of Health
and the CDC in their effort to
closely monitor and respond
to emerging resistance. Lo-
cal health department staff
may also assist healthcare
professionals in making
treatment decisions in pa-
tients for whom ceftriaxone

may not be an option.
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Prevention, Morbidity and Mortality
Weekly Report, 4/13/2007, 56(14);
332-336 online at http://www.cdc.
gov/mmwr/preview/mmwrhtml/
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