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To understand the transmission of Cryptosporidium infection in children, fecal specimens from 62 Kuwaiti
children with gastrointestinal symptoms found to be positive by microscopy were genotyped and subtyped with
a small subunit rRNA-based PCR-restriction fragment length polymorphism analysis and a 60-kDa glycop-
rotein-based DNA sequencing tool. The median age of infected children was 4.5 years, and 77% of infections
occurred during the cool season of November to April. Fifty-eight of the children (94%) had Cryptosporidium
parvum, three (5%) had Cryptosporidium hominis, and one (1%) had both C. parvum and C. hominis. Altogether,
13 subtypes of C. parvum (belonging to four subtype allele families) and C. hominis (belonging to three subtype
allele families) were observed, with 92% of specimens belonging to the common allele family IIa and the
unusual allele family IId. Thus, the transmission of cryptosporidiosis in Kuwaiti children differed significantly

from other tropical countries.

Cryptosporidiosis is a significant cause of diarrheal diseases
in both developing and industrialized nations. Recent molec-
ular epidemiologic studies of cryptosporidiosis have helped
researchers to better understand the transmission of crypto-
sporidiosis in humans and the public health significance of
Cryptosporidium spp. in animals and the environment. Using
genotyping tools, five species of Cryptosporidium (C. hominis,
C. parvum, C. meleagridis, C. felis, and C. canis) have been
shown to be responsible for most human infections. Of these
five species, C. hominis and C. parvum are the two most com-
mon species (34). Because these five human pathogenic Cryp-
tosporidium species have different spectrums of host specificity,
the characterization of Cryptosporidium at the species level is
useful in investigating infection and contamination sources.
Recently, a number of subtyping tools have been developed
and used to characterize the population structure and trans-
mission dynamics of C. parvum and C. hominis (2, 8, 17, 18, 24—
26, 29, 30).

Although cryptosporidiosis is prevalent in tropical regions,
limited studies have been conducted to characterize Cryptospo-
ridium spp. from humans at the molecular level. Several studies
have examined the transmission of human cryptosporidiosis in
South Africa, Malawi, Kenya, Uganda, Peru, and Thailand, all
of which have shown a predominance of C. hominis in humans,
indicating anthroponotic transmission plays a major role in the
epidemiology of cryptosporidiosis in most tropical countries (7,
17, 25, 31-33). Only two of the studies subtyped small numbers
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of Cryptosporidium spp. (17, 25). In the present study, 62 Cryp-
tosporidium-positive specimens were collected from children in
Kuwait City between 1997 and 2004 and examined by a small
subunit (SSU) rRNA-based PCR-restriction fragment length
polymorphism (PCR-RFLP) analysis and a 60-kDa glycopro-
tein (GP60)-based PCR sequencing tool (2, 33). Results of the
study have shown a predominance in children of C. parvum,
which traditionally is associated with farm animals. Thus, an-
throponotic transmission was possibly less important in human
cryptosporidiosis in Kuwait City than in other tropical regions.

MATERIALS AND METHODS

Specimens. Stool specimens from 62 Kuwaiti children submitted for Crypto-
sporidium diagnosis were used in this study. They were collected between Janu-
ary 2001 and February 2004, with the exception of four specimens, which were
collected in 1997 and 1998. Minimum clinical data accompanied each stool
specimen, such as age and sex of the patient, major clinical symptoms, and date
of specimen collection. These children visited government hospitals for treat-
ment because of gastrointestinal symptoms. They were diagnosed as positive for
Cryptosporidium by microscopy of acid-fast stained fecal smears (11). Aliquots of
the Cryptosporidium-positive specimens were preserved in 2.5% potassium di-
chromate and shipped to the laboratory at the Centers for Disease Control and
Prevention in Atlanta, Georgia, for molecular analysis.

DNA isolation. DNA was extracted from all 62 specimens after initial treat-
ment with 1 M KOH for 15 min at 65°C followed by neutralization with 25%
HCI. The DNA lysate was extracted once with phenol-chloroform-isoamyl alco-
hol (25:24:1) solution and purified using a QIAamp DNA stool kit (QIAGEN
Inc, Valencia, CA) following the manufacturer’s suggested protocols (35).

Cryptosporidium genotyping. Initially, all specimens were genotyped by a PCR-
RFLP technique (33). This technique amplifies an ~830-bp fragment of the SSU
rRNA gene by nested PCR and differentiates Cryptosporidium species or geno-
types by banding patterns in restriction analysis of the secondary PCR products
with the enzymes SspI and Vspl.

C. parvum and C. hominis subtyping. C. parvum and C. hominis in these
specimens were further subtyped by a GP60-based tool (2), which amplifies an
~850-bp fragment of the GP60 gene by nested PCR. For the specimens that
failed to be amplified, a smaller fragment (~400 bp) of the gene was amplified
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FIG. 1. The seasonal distribution of cryptosporidiosis cases in Ku-
waiti children.

using primers AL3531 (5'-ATAGTCTCCGCTGTATTC-3’) and AL3533 (5'-G
AGATATATCTTGGTGCG-3") in primary PCR and AL3532 (5'-TCCGCTGT
ATTCTCAGCC-3") and LX0029 (5'-CGAACCACATTACAAATGAAGT-3").
The nucleotide sequences obtained categorized C. parvum and C. hominis to
many families of subtypes. This was done by alignment of GP60 sequences
obtained in this study and reference sequences retrieved from GenBank using
the program ClustalX (ftp:/ftp-igbmc.u-strasbg.fr/pub/ClustalX/). To further
support the grouping of subtypes, a neighbor-joining tree was generated from the
aligned sequences using the program TreeCon (http:/www.psb.rug.ac.be/bioin-
formatics/psb/Userman/treeconw.html) based on the genetic distances calculated
by the Kimura two-parameter model. The GP60 tree was rooted with a GP60
sequence of C. meleagridis (AF401499). The reliability of branches was assessed
by bootstrap analysis using 1,000 replicates.

Nucleotide sequence accession numbers. The unique partial GP60 sequences
generated in this study have been deposited in GenBank under accession num-
bers AY738184 to AY738196.

RESULTS

Cryptosporidiosis in children. The 62 Kuwaiti children stud-
ied attended the hospitals because of acute gastroenteritis.
Most of the children had diarrhea, but some of them also had
accompanied abdominal pain (five children), vomiting (two
children), or upper respiratory tract infection (two children).
These children were between 1 and 19 years of age, with a
median of 4.5 (5.4 = 2.9) years. Thirty-six of the children were
girls and 25 were boys (one child with unknown status). Sev-
enty-seven percent of cases occurred during the months No-
vember to April (Fig. 1).

Cryptosporidium genotypes. DNA preparations of all 62
specimens yielded products of the expected size (~830 bp) in
the nested PCR analysis of the SSU rRNA gene. RFLP anal-
yses of the secondary SSU rRNA PCR products with the re-
striction enzymes Sspl and Vspl showed that 58 of the children
had C. parvum, three had C. hominis, and one had both C.
parvum and C. hominis (Table 1). DNA sequencing of three C.
parvum PCR products and one C. hominis product yielded
SSU rRNA sequences identical to those previously reported
for C. parvum and C. hominis, respectively (36).

C. parvum and C. hominis subtype alleles. DNA of 53 spec-
imens was also amplified using the regular GP60 primers. The
DNA from the nine specimens (5620, 5624, 5627, 5636, 7491,
7497, 8021, 8022, and 8898) that failed to produce the expected
PCR band (~850 bp) was amplified by the new primer set,
producing PCR products of about 400 bp. Both the long and
short PCR products were sequenced, and the obtained se-
quences were aligned with sequences obtained from previous
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TABLE 1. Distribution of Cryptosporidium genotypes and subtype
families in Kuwaiti children by age

No. of patients infected with”:

Age group Ij;);e(if - Ia IId  Other
C. parvum. - C. hominis allele  allele alleles
<2 years 1 1 0 0 1 0
2-3 years 20 19 2 11 8
4-6 years 14 13 1 6 6 2
7-10 years 15 15 0 2 12 1
11-19 years 7 6 1 4 2 1
Unknown 5 5 0 5 0 0
Total 62 59 4 28 29 7

“One child had mixed infections of C. parvum and C. hominis, and two
additional children had mixed infections of two C. parvum subtypes.

studies. Phylogenetic analysis of the sequences showed that
these C. parvum and C. hominis isolates belonged to seven
subtype families (Fig. 2). Most of the C. parvum specimens
belonged to the previously described subtype families Ila and
IId (Table 1). However, two specimens (8898 and 8902) had
subtype family Ilc (previously known as Ic), whereas another
specimen (7490) belonged to a new C. parvum subtype family.
The latter was named subtype family IIf. Generally, there was
no significant difference between different age groups in the
distribution of allele families IIa and IId. However, in the 7- to
10-year-old age group, 12 of the children were infected with
allele IId but only 2 were infected with allele IIa (Table 1).

The four specimens that were diagnosed to contain C. homi-
nis were also subtyped. One specimen (7505) belonged to the
subtype allele family Id and one (5632) to the allele family Ie,
whereas two (5636 and 8906) belonged to the allele family Ib.

Nomenclature for the C. parvum and C. hominis subtypes.
Multiple subtypes were present in the C. parvum allele families
ITa and IId in this study. Within each subtype family, subtypes
differed from each other mostly in the number of trinucleotide
repeats (TCA or TCG) coding for the amino acid serine. For
example, in the allele family IIa, two subtypes were seen in
Kuwaiti children; one subtype had 15 copies of the TCA repeat
and 1 copy of the TCG repeat, whereas the other subtype had
15 copies of the TCA repeat and 2 copies of the TCG repeat.
Therefore, the two subtypes were designated IIaA15G1R1 and
ITaA15G2R1, respectively. In the subtype name [IaA15G1R1,
IIa indicates that the subtype belongs to allele family I1a, A15
indicates that the subtype has 15 copies of the TCA repeat, and
Gl indicates that the subtype has one copy of the TCG repeat.
Because some subtypes have one copy of the sequence AC
ATCA immediately after the trinucleotide repeats whereas
others have two copies of the sequence, R1 and R2 are used to
differentiate these two types of sequences. Therefore, the only
difference between subtypes ITaA15G1R1 and IIaA15G2R1 is
the number of TCG repeats; one has one copy of the repeat,
while the other has two copies.

Likewise, a similar system was used to name the subtypes in
allele family I1d. Most of the specimens had 20 copies of the
TCA repeat and 1 copy of the TCG repeat. Two specimens,
however, had 18 copies of the TCA repeat and 1 copy of the
TCG repeat. The former was named IIdA20G1 and the latter
IIdA18G1 to differentiate the two types of I11d sequences. Un-
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FIG. 2. The presence of multiple C. parvum subtypes in Kuwaiti children as revealed by a neighbor-joining analysis of the sequences of GP60.
I1a, Ilc, I1d, and IIf are C. parvum allele tamilies; Ib, Id, and Ie are C. hominis allele families. The numbers on branches are bootstrap values greater

than 50%.

like most other subtype allele families, subtypes within IId may
also differ from each other slightly in the nonrepeat regions.
For example, there were four types of sequences within
IIdA20G1 seen in Kuwaiti children, which differ from each
other in single nucleotide polymorphisms at three locations: a
change of G to A (resulting in a change of amino acid from
arginine to lysine) upstream of the trinucleotide repeats, a
change of C to A (resulting in a change of amino acid from

asparagine to glutamine) shortly after the repeats, and a
change of G to A (a synonymous change) in the 3’ region
(representative sequences for each subtype were submitted to the
GenBank database). These four types of sequences were desig-
nated IIdA20G1a, IIdA20G1b, IIdA20G1c, and IIdA20G1d.

The same system was used to describe subtypes of other
allele families. The only subtype (specimen 7505) in the C.
hominis allele family Id was named IdA14 because of the
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presence of 14 copies of the TCA repeat, whereas the only
subtype in the new C. parvum allele family IIf was named IIfA6
because of the presence of six copies of the TCA repeat. These
two subtypes had no TCG repeat seen in many allele families.
In contrast, the C. hominis subtype allele Ie seen in the study
had 3 copies of the TCT repeat in addition to 11 copies of the
TCA repeat and 3 copies of the TCG repeat and was named
IeA11G3T3. Two subtypes of the C. hominis allele Ib, which
were named IbA9G3 and IbA10G2 because of the differences
in the number of TCA and TCG repeats, were seen in this
study. The subtype in the C. parvum allele family Ilc (previ-
ously known as Ic) was named IIcA5G3a because of the pres-
ence of five copies of the TCA repeat and three copies of the
TCG repeat. Allele Ilc differs significantly from other C. par-
vum and C. hominis allele families in the GP60 sequences.
First, Ilc has a short repeat region. Second, there is no differ-
ence in the number and type of the trinucleotide repeats; all
subtypes in the family have five copies of the TCA repeat and
three copies of the TCG repeat. Third, there are three major
types of Ilc sequences, which differ from each other signifi-
cantly in the 3’ region of the gene. Thus, the subtype seen in
this study was designated I[IcA5G3a.

Distribution of C. parvum and C. hominis subtypes in Ku-
waiti children. Altogether, 13 subtypes belonging to seven C.
parvum and C. hominis allele families were seen in Kuwaiti
children. Most of the children (56 of 62) had subtypes in the C.
parvum allele family ITa or IId, with almost equal numbers of
children (28 and 29, respectively) infected with each allele.
Most of the children infected with allele Ila parasites had
subtype IIaA15G2R1; only two (specimens 7503 and 8023) had
1TaA15G1R1. Likewise, most of the children with allele IId had
GP60 sequences containing 20 copies of the TCA repeat and
one copy of the TCG repeat (IIdA20G1); only two (specimens
8897 and 8899) had the subtype IIdA18G1. There were four
subtypes within the sequence type IIdA20G1, with all recent
specimens belonging to IIdA20Gla and most earlier speci-
mens belonging to IIdA20G1b, IIdA20Glc, and IIdA20G1d
(Fig. 2).

The other five allele families (C. parvum allele families Ilc
and IIf and C. hominis allele families Ib, Id, and Ie) were
represented by only one or two children (Fig. 2). Three
children were infected with mixed subtypes; specimen 5627
had IIdA20Gla and IIaA15G2R1 and specimen 5636 had
ITaA15G2R1 and IbA10G2, whereas specimen 8896 had
IIdA20G1la and an undecided subtype (poor sequence resolu-
tion because of the presence of mixed subtypes).

DISCUSSION

Results of the study confirm the presence of a unique ende-
micity of cryptosporidiosis revealed in an earlier study in Ku-
wait (11). Previous studies in various tropical countries have
shown the highest prevalence of cryptosporidiosis in children
younger than 2 years (3-5, 12-14, 21, 23, 27, 32). In contrast,
Kuwaiti children infected with Cryptosporidium are signifi-
cantly older than those in other areas of endemicity, a finding
in agreement with an earlier study conducted in the same
population (11). In a neighboring country, Saudi Arabia, chil-
dren are also seemingly infected with Cryptosporidium later
than those in other tropical countries (1). The delayed Cryp-
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tosporidium infection in Kuwaiti children was previously attrib-
uted to better hygiene in Kuwait than in other tropical coun-
tries (11).

In tropical countries, Cryptosporidium transmission in chil-
dren is usually associated with the rainy season, and water-
borne transmission is considered a major route in the epide-
miology of cryptosporidiosis in these areas (3, 5, 13, 14, 21-23,
25,27, 32). However, in Kuwait, there is very little rainfall, and
Cryptosporidium transmission occurs mostly during the cool
season of November to April. Waterborne transmission likely
plays a less important role also because desalinated water is the
major source of drinking water in Kuwait. In another study
conducted in a tropical area with little rainfall, Lima, Peru,
cryptosporidiosis in children was more frequent in the warm
season (4). Summer in Lima, however, is significantly milder
than in Kuwait City, where the daily high temperature fre-
quently reaches over 40°C.

Differences in infection sources could also be an important
factor responsible for the differences in Cryptosporidium trans-
mission between Kuwait and other tropical countries. The dis-
tribution of Cryptosporidium genotypes in people is very dif-
ferent between Kuwait and other countries. Thus far, studies
conducted in Peru, Thailand, Malawi, Uganda, Kenya, and
South Africa showed a dominance of C. hominis in children or
human immunodeficiency virus-positive adults (7, 17, 25, 31—
33). In contrast, Kuwaiti children were almost exclusively in-
fected with C. parvum. The only region where C. parvum is
more often seen in humans than C. hominis is Europe, where
several studies have shown a slightly higher prevalence of C.
parvum than C. hominis in both immunocompetent and immu-
nocompromised persons (2, 6, 9, 20). The differences in the
distribution of Cryptosporidium genotypes in humans are con-
sidered an indication of differences in infection sources (15, 16,
20). Thus, the predominance of C. parvum in a population has
been considered the result of zoonotic transmission. Indeed,
even in areas with a high percentage of infections due to C.
parvum, massive slaughter of farm animals during foot-and-
mouth disease outbreaks can result in a reduction of the pro-
portion of human infections due to C. parvum (10, 28).

Recent subtyping studies have shown that not all C. parvum
infections in humans are results of zoonotic transmission (2,
19, 34). Among the C. parvum GP60 subtype families identi-
fied, alleles IIa and IIc (previously known as Ic) are the two
most common ones. The former has been identified in both
humans and ruminants, whereas the latter has been seen only
in humans (2, 26, 34). In this study, two of the Kuwaiti children
were infected with an allele Ilc subtype, indicating that anthro-
ponotic transmission of C. parvum occurs in Kuwait. Never-
theless, the low proportion of infections due to C. hominis
suggests that anthroponotic transmission of cryptosporidiosis
in Kuwait is probably not as important as in other countries.

Despite the high number of subtypes and allele families
identified in Kuwaiti children, most of the parasites identified
belong to two subtype families, IIa and IId. This is very differ-
ent from results of studies conducted in South Africa, Malawi,
Portugal, Northern Ireland, and the United States, in which
positive samples were more or less evenly distributed among
the common allele families Ia, Ib, Id, Ie, IIa, and Ilc (2, 8, 17,
25, 29, 34). Even within each of the two common allele families
in Kuwaiti children, ITa and I1d, there were only minor genetic
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differences between the limited number of subtypes presented.
The significance of this finding is not fully clear. Subtypes in
the allele family Ila are commonly seen in both humans and
ruminants in many areas, and in most areas studied, allele Ila
is almost exclusively the only allele family found in cattle (2,
26). In contrast, subtypes of the allele family IId have so far
only been found in six AIDS patients and three cattle in Por-
tugal (2), none of which are the same subtypes seen in Kuwaiti
children.

Not enough epidemiological data were collected to elucidate
the source of C. parvum infection and reasons responsible for
the unique endemicity of cryptosporidiosis in Kuwaiti children.
A well-designed case control study, with detailed collection of
data on water and food sources and animal contact, would be
helpful in identifying risk factors involved in the acquisition of
Cryptosporidium infection and in answering some of the above
questions. Sampling of water and domestic animals would also
be useful. In particular, subtyping C. parvum from domestic
animals in Kuwait is needed in the determination of the extent
of zoonotic transmission of cryptosporidiosis in Kuwaiti chil-
dren.
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