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Subtyping was conducted in late 2007 on 57 Cryptosporidium specimens from sporadic cases in Colorado,
Idaho, New Mexico, and Iowa. One previously rare Cryptosporidium hominis subtype was indentified in 40 cases
(70%) from all four states, and the Cryptosporidium horse genotype was identified in a pet shop employee with
severe clinical symptoms.

The protozoan pathogen Cryptosporidium continues to be an report on a symptomatic case of human infection with the
important cause of waterborne disease outbreaks and gastro- Cryptosporidium horse genotype.
intestinal illness in the United States (4, 6, 21-23). While few Specimens and laboratory and epidemiological investiga-

recent cryptosporidiosis outbreaks have been associated with tions. A total of 57 Cryptosporidium-positive stool specimens
drinking water, the incidence of recreational water-associated were collected from patients with sporadic cryptosporidiosis,
outbreaks is increasing. In the United States, specimens from including 5, 10, 11, and 31 specimens from New Mexico, lowa,
patients with outbreak-related cases have been extensively Colorado, and Idaho residents, respectively. During 2007, to-
characterized by molecular epidemiology methods (20), but tals of 125, 610, 211, and 464 laboratory-confirmed cases were
few specimens from patients with sporadic disease have been reported in New Mexico, Iowa, Colorado, and Idaho, respec-
similarly analyzed (5). As a result, U.S. endemic transmission tively, and 11,170 cases were reported in the country (2). Only
of Cryptosporidium spp. is not well understood. Conversely,  one specimen per patient was used in the study. Specimens
genotyping of a large number of specimens from sporadic cases were confirmed to be Cryptosporidium positive by submitting
has facilitated understanding of endemic cryptosporidiosis  13pratories using direct immunofluorescence microscopy or
transmission in the United Kingdom (3, 9, 10). enzymatic immunoassays.

I?’ this §tudy, we genotyped a‘?d, su.btyped spefzimens from Cryptosporidium DNA was extracted from 0.2 ml of each
s i s oo descd n Colode. oot einen s desred oy ) P DN v
of 2067 The forme’r three states border Utah, where a state- genotyped by nested PCR-res‘[rlctlon fragmel.lt length poly-
wide outbreak of cryptosporidiosis involving 1,902 laboratory- morphism (RFLP) analysis of the small-supunlt (SSU) rRNA
confirmed cases occurred during June to December 2007 (13). gene (8). PCR products (.)f the C{yp tosp Ond.l um horse genotype
Nevertheless, investigations of the sporadic Colorado, Idaho, W;Fe sequenced fto t;/lerlfy tt)l:e 136;1 tlgﬁion' All Qyp tofs;ta 1(1) X
New Mexico, and Towa cases revealed no epidemiologic links ZOIIL:I’? sp{). were fur er6s(1)1 yped by lified sg:quencmg dOPClg
with any known outbreaks of cryptosporidiosis. These states, y a{ gycop;.of:eiln (gp ) gerée amP‘ cd by 83nzst65, A
and the United States as a whole, reported increased numbers (1), using modified primary PCR p,rlmers LX037 (/ -TT
of sporadic cryptosporidiosis cases during 2007 (2). We also CTC TCC GTT ATA GTC TCC-3') ar.1d LX0375 (5'-GGA

AGG AAC GAT GTA TCT GA-3'), which reduced the over-
lapping sequence shared between primary and secondary for-

* Corresponding author. Mailing address: Division of Parasitic Dis- ward primers. To confirm the results, analysis at each locus was
ease, National Center for Infectious Disease, Centers for Disease repeated at least three times using 2 ul of DNA per PCR. The

Control and Prevention, Building 22, Mail Stop F-12, 4770 Buford s . o i
Highway, Atlanta, GA 30341-3717. Phone: (770) 488-4840. Fax: (770) established subtype nomenclature was used in identifying sub

488-4454. E-mail: Ixiao@cdc.gov. type families and subtypes (15).
¥ Published ahead of print on 8 July 2009. The patient infected with the Cryptosporidium horse geno-
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TABLE 1. Distribution of Cryptosporidium genotypes and subtypes
in 57 sporadic cases in Colorado, Idaho, New Mexico, and
Towa in the summer and fall of 2007

No. of positive specimens by state

No. of
Genotype/subtype specimens New
analyzed Colorado Idaho Towa Mexico
C. hominis 51 11 28 10 2
TaA12R4 1 1 0 0 0
TaA14R3 1 0 0 0 1
TaA27R4 1 0 1 0 0
TaA28R4 40 8 27 4 1
IbA10G2 8 2 0 6 0
C. parvum 5 0 3 0 2
ITaA15G2R1 2 0 1 0 1
ITaA16G1R1 1 0 1 0 0
ITaA17G2R1 1 0 0 0 1
1T1aA17G4R1 1 0 1 0 0
Horse genotype 1 0 0 0 1
VIbA13 1 0 0 0 1

type was interviewed via telephone by a state-based epidemi-
ologist to collect clinical and exposure data, using a structured
questionnaire, 2.5 months after the initial cryptosporidiosis
diagnosis. Informed consent was obtained from the adult pa-
tient before the interview.

Distribution of Cryptosporidium species/genotypes and Cryp-
tosporidium hominis and C. parvum subtypes. PCR-RFLP anal-
ysis of the SSU rRNA gene identified C. hominis in 51 stool
specimens and C. parvum in 5. PCR amplicons from a speci-
men obtained in New Mexico showed an RFLP banding pat-
tern nearly identical to that of the previously reported Crypto-
sporidium horse genotype (14). DNA sequencing of the gp60
gene confirmed the identification of C. hominis and C. parvum
in the stool specimens (Table 1). The C. hominis specimens
belonged to five subtypes in two subtype families, whereas the
C. parvum specimens belonged to four subtypes in the well-
recognized zoonotic subtype family Ila. The most commonly
identified subtype was the C. hominis subtype [aA28R4, which
was found in 40 specimens (70%) from all four states sampled.
This was followed by the IbA10G2 subtype, found in eight
specimens (14%) from two states. Other C. hominis and C.
parvum subtypes were each found only in one or two specimens
(Table 1).

Characteristics of the Cryptosporidium horse genotype. The
partial SSU rRNA and gp60 genes of the Cryptosporidium
horse genotype from the human case were sequenced, and the
results were compared with those identified in a foal in
the Czech Republic and a calf in Northern Ireland (14, 16).
The bovine specimen was initially identified as the IIj subtype
family of C. parvum, but resequencing of the SSU rRNA gene
confirmed the Cryptosporidium horse genotype identity. The
~800-bp SSU rRNA gene sequence of the human specimen
was identical to sequences obtained from specimens from the
horse in the Czech Republic and the calf in Northern Ireland,
with only an AG-to-GA substitution. A close examination of
the electropherograms of products from all three specimens
revealed the presence of mixed A and G signals at both sites.

The 823-bp gp60 sequence of the human specimen of the
Cryptosporidium horse genotype had high sequence similarity
to that of the Czech horse (96.3% sequence identity, excluding
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the trinucleotide repeat region). The latter, however, had
higher sequence similarity to the gp60 sequence (GenBank
accession number DQ648547) of the specimen from the calf in
Northern Ireland (previously identified as the C. parvum sub-
type family IIj) (16). The sequence difference between the two
in the nonrepeat regions was smaller than 1%, with only six
nucleotide substitutions. In phylogenetic analysis, the gp60 se-
quences of the three Cryptosporidium horse genotype speci-
mens clustered together and were most closely related to C.
hominis 1d and C. parvum 1le subtype families (Fig. 1).

The Cryptosporidium horse genotype oocysts from the hu-
man patient were morphologically similar to those of C. par-
vum and C. hominis under light microscopy (Fig. 2). They were
4.63 (£0.25) by 4.21 (=0.19) pm in size (n = 63), with a
length/width ratio of 1.10.

Case history of human infection with the Crypfosporidium
horse genotype. The patient was an 18-year-old Caucasian fe-
male living in a suburban area. She had the onset of diarrhea
on 1 December 2007, which lasted for 14 days. At the peak of
her illness, she had nine loose or watery stools per day. Other
clinical symptoms included fever (38.3°C for 1 day), loss of
appetite and body aches (for 2 to 5 days), nausea, abdominal
cramps, and fatigue (for 6 to 14 days). The patient visited an
emergency room because of the illness and received intrave-
nous fluids. She was prescribed antibiotics for presumed giar-
diasis and had taken over-the-counter medicines for diarrhea.
A stool specimen was collected 8 days after the onset of diar-
rhea, and a diagnosis of cryptosporidiosis was confirmed. The
patient was prescribed nitazoxanide and recovered from cryp-
tosporidiosis within a few days. Over the course of the illness,
the patient missed work for 5 days, lost 2.3 kg of weight, and
reported being unable to perform her usual daily activities for
10 days. The patient reported developing irritable bowel dis-
ease after the resolution of cryptosporidiosis.

The patient reported no travel during the 2 weeks prior to
illness onset. She also did not report any apparent food-borne,
waterborne, or person-to-person risk factors for potential ex-
posure to Cryptosporidium. The patient worked in a pet store
and was involved in the care of pet animals, including kittens,
puppies, ferrets, rabbits, rodents, chinchillas, hedgehogs, birds,
reptiles, and amphibians. Some of the puppies, rabbits, and
hedgehogs had diarrhea, and one hedgehog died of dehydra-
tion as a result of the diarrhea. The patient did not visit or
work on farms or visit petting zoos but owned fish and a puppy
as household pets. The puppy had diarrhea, starting approxi-
mately on 15 November 2007 and was diagnosed as having
giardiasis.

Public health significance of the Cryptosporidium horse ge-
notype. The Cryptosporidium horse genotype has been identi-
fied in only one person (a recently reported case), a 30-year-
old immunocompetent woman with diarrhea in a rural area of
southwest England (3, 12). Findings of unusual Cryptospo-
ridium species/genotypes in humans have been reported occa-
sionally, such as C. andersoni, C. muris, C. suis, and Cryptospo-
ridium of the cervine, skunk, and chipmunk I genotypes (10, 12,
20). Recent reviews have identified at least 85 cases of C. felis,
24 cases of C. canis, and 21 cases of the Cryptosporidium cer-
vine genotype infections in immunocompetent and immuno-
compromised persons around the world, in addition to the
three common Cryptosporidium spp., as follows: C. hominis, C.
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99 1h-AY873781 (C. parvum)
Ic-4742 (C. parvum)
If-4755 (C. hominis)
Vb-2246 (Rabbit genotype)
1b-4746 (C. hominis)
Ie-5632 (C. hominis)
Va-W17200 (Rabbit genotype)
100 —— Ig-NI 3986 (C. hominis)
L Ia-AF164502 (C. hominis)

69

I1e-7870 (C. parvum)
100 11j-DQ648547 (Horse genotype in calf))
100 VIa-6481 (Horse genotype in foal)
VIb-16008 (Horse genotype in human)
64 100 1-AY700386 (C. hominis)
\_[ 1d-AF164497 (C. hominis)
100 - Ii-AY873782 (C. parvum)
1I£-7490 (C. parvum)
11k-AB237137 (C. parvum)
1Ib-4736 (C. parvum)
11d-4833 (C. parvum)
11-AM937007 (C. parvum)
11g-AY873780 (C. parvum)
11a-4804 (C. parvum)

69

0.1 substitutions/site

—
96

100 IIb-AF401501 (C. meleagridis)
II1a-AF401499 (C. meleagridis)

100 — INId-DQO67570 (C. meleagridis)
L INIc-AF401497 (C. meleagridis)
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FIG. 1. Phylogenetic relationship among major Cryptosporidium gp60 subtype families inferred by a neighbor-joining analysis of nucleotide
sequences, using a sequence alignment generated by the ClustalX 1.81 package and the Kimura two-parameter genetic distances calculated by the
Treecon W program. I, C. hominis subtype families; II, C. parvum subtype families; II1, C. meleagridis subtype families; V, rabbit genotype subtype
families; VI, horse genotype subtype families. The equine and bovine specimens of the Cryptosporidium horse genotype belong to subtype family

Vla, while the human specimen of that genotype belongs to subtype family VIb.

parvum, and C. meleagridis (17, 19). Reports of human infec-
tions caused by other Cryptosporidium spp. were identified in
only one to a few cases. The Cryptosporidium horse genotype
represents another among the increasing number of unusual
Cryptosporidium species and genotypes identified in human
stool specimens.

The pathogenicity of the unusual Cryptosporidium spp. in-
fecting humans is generally unclear, as most reports lack de-
tailed data on the clinical history of the affected patients. De-
tailed clinical manifestations of C. muris and C. suis infections
have been reported for only two persons, both human immu-
nodeficiency virus-positive adults in Lima, Peru (11, 18). The
patient infected with the Cryptosporidium horse genotype had
no recognized immunocompromising conditions. Nevertheless,
she experienced severe clinical symptoms consistent with cryp-
tosporidiosis and required emergency room care, including

intravenous fluids, repeated antimicrobial prescriptions, and
sick leave from work. No detailed clinical data are available on
the human case of infection with the Cryptosporidium horse
genotype in England, although the patient was assumed to
have diarrhea (12).

The source of the Cryptosporidium horse genotype infection
is not clear, although results from the traditional epidemiologic
investigation indicate that it was probably of animal origin.
Because the patient had no contact with horses and was in
close contact with various animals at work and home, it was
impossible to identify the animal species involved in this prob-
able case of zoonotic transmission of Cryptosporidium. Few
studies have investigated the infection source associated with
unusual Cryptosporidium species and genotypes in humans.
The Peruvian infected with C. suis had no exposure to pigs or
other farm animals. In that case, anthroponotic rather than

FIG. 2. Oocysts of C. parvum (A), C. hominis (B), and the Cryptosporidium horse genotype (C) under differential interference contrast
(magnification of X1,000) on a Zeiss Axiophot microscope (Carl Zeiss Microlmaging Inc., Thornwood, NY).
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zoonotic transmission was a strong possibility, as the patient
was a homosexual man with multiple sex partners and partic-
ipated in anal intercourse (18). The person infected with the
Cryptosporidium horse genotype in England reported swim-
ming and foreign travel but no contact with animals (12).

Rare C. hominis subtypes and cryptosporidiosis outbreaks.
Another unique finding of this study is the predominance of
the TaA28R4 subtype among the tested specimens. Prior to
2007, IaA28R4 was a rare subtype, having been implicated only
in two swimming pool-associated outbreaks of cryptosporidi-
osis in Ohio (2005) and South Carolina (2006) amid the 28
waterborne and food-borne cryptosporidiosis outbreaks in the
United States, whose investigation included genotyping (20).
This subtype was found in 40 of the 57 specimens (70%) from
sporadic cases detected in late 2007 from all four states sam-
pled and was also responsible for two of the seven cryptospo-
ridiosis outbreaks investigated in the summer and fall of 2007,
as follows: a swimming pool-associated outbreak in Pennsylva-
nia (n = 730) and an interactive splash park-associated out-
break in Idaho (n = 51). In contrast, the C. hominis subtype
IbA10G2, commonly implicated in cryptosporidiosis out-
breaks, especially major ones in North America and Europe
(20), was seen only in 8/57 cases. It might have been a more
frequently identified subtype if the sample size were bigger and
other states participated in this study. Nevertheless, results of
this small-scale study with limited sampling indicate that some
“sporadic” cases might have been part of larger multistate
outbreaks caused by IaA28R4. This is a unique but expected
finding in the context of increased cryptosporidiosis reporting
in the United States in 2007 and coincides with a large state-
wide outbreak in Utah (13), a state that borders three of the
four states sampled in this study. Unfortunately, no specimens
from Utah were available for Cryptosporidium typing, despite
numerous attempts to acquire positive stool specimens. The
number of sporadic cryptosporidiosis cases increased dramat-
ically in the United States during 2007, and without molecular
characterization, it is impossible to know whether this increase
represented large, unrecognized cryptosporidiosis outbreaks.
To better understand the transmission of Cryptosporidium in
the United States, a national system is needed to systematically
characterize Cryptosporidium in sporadic and outbreak-related
cases over an extended period of time.

Nucleotide sequence accession numbers. The partial SSU
rRNA and gp60 gene sequences of the Cryptosporidium horse
genotype were deposited in the GenBank database under ac-
cession numbers FJ435960 to FJ435964.

We thank local and state health workers for technical assistance.

The findings and conclusions in this study are those of the authors
and do not necessarily represent the views of the Centers for Disease
Control and Prevention.
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