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Abstract

Infections with Cryptosporidium spp. and Cystoisospora belli are important causes
of diarrhoea in HIV patients. Nevertheless, information concerning these two
parasites is scarce in many African countries, including Mozambique. In this
study occurrence of Cryptosporidium spp. and C. belli was investigated
by microscopy of stool specimens from 108 adult diarrhoeal patients, most with
a confirmed HIV diagnosis. The Cryptosporidium isolates were further
characterized by molecular methods.

Cryptosporidium and C. belli oocysts were found in 8.3% (9/108), and 25.0% (27/
108) of the study participants, respectively. Species identification was possible for
all Cryptosporidium isolates with available DNA. The following Cryptosporidium
species were detected (number of cases within parentheses): C. parvum (3), C.
hominis (3), C. felis (1), and C. hominis/C. parvum (1). Subtyping targeting the
gp60 gene revealed two C. hominis isolates with subtype IaA23R3, one C.
parvum isolate with IIcA5G3d, and one with IleA12G1.

In summary the occurrence of C. hominis and anthroponotic subtypes of C. parvum

indicates that the main route of Cryptosporidium transmission in the present study
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population was human to human (direct or via food and water). The high prevalence
of C. belli highlights the need for early diagnosis of this parasite, for which a
treatment exists.

Keyword: Microbiology

1. Introduction

The coccidian parasites Cryptosporidium and Cystoisospora belli (formerly Iso-
spora belli) are important causes of diarrhoea among HIV-positive patients, espe-
cially in developing countries where these parasites are common. Most cases of
human cryptosporidiosis are caused by Cryptosporidium hominis or Cryptospo-
ridium parvum, and the latter species is responsible for most zoonotic infections
in humans. However, some C. parvum subtypes have been found mainly in humans,
which emphasises the need for molecular investigations to establish probable routes
of infection for this species. Only anthroponotic transmission is considered for C.

belli, because no animal reservoirs have been identified for this parasite.

In Mozambique, the role of Cryptosporidium in childhood diarrhoea has been inten-
sively studied, but the occurrence of this parasite in adult HIV patients with diar-
rhoea is less investigated (Cerveja et al., 2017; Irisarri-Gutierrez et al., 2017;
Kotloff et al., 2012; Nhampossa et al., 2015; Sow et al., 2016). Furthermore, data
on Cryptosporidium species and subtypes in Mozambique are available for only a
few isolates, which highlights the need for further research on this issue (Irisarri-
Gutierrez et al., 2017; Sow et al., 2016). Few studies of the prevalence of intestinal
parasites in Mozambique have involved C. belli, and local occurrence of this para-
site has only been described twice; the first time in a case report concerning an
AIDS patient with tuberculosis symptoms and watery diarrhoea and the second
time in a HIV-negative patient originating from a health centre study (Cerveja
et al., 2017; Clavero et al., 1999). Accordingly, we performed an observational
study and investigated the incidence of Cryptosporidium species and subtypes as
well as the occurrence of C. belli in adult patients with diarrhoea in Maputo,

Mozambique.

2. Materials and methods
2.1. Patients

Patients at José Macamo General Hospital in Maputo were recruited between
January 2011 and May 2013. In total, 108 patients (age >17 years) who had diar-
rhoea complaints (defined as >3 loose stools per day) and were admitted to the hos-

pital were included in the study. The participants answered a questionnaire including
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items on sex, age, water sources, known HIV status, ongoing antiretroviral therapy
(ART), and duration of diarrhoea.

2.2. Methods

All patients with unknown HIV status were offered HIV testing with HIV-1/2 (Ab-
bott Laboratories, Tokyo, Japan) for screening and with Uni-Gold HIV (Trinity
Biotech, Wicklow, Ireland) for confirmation. Stool samples were collected from
all patients, one per patient. Smears were prepared directly from unpreserved stool
specimens and then stained with modified Ziehl-Neelsen and investigated for the
presence of coccidian oocysts (Henriksen and Pohlenz, 1981). A QlAamp DNA
Stool Mini Kit (Qiagen, Hilden, Germany) was used according to the manufacturer’s
protocol to extract DNA from stool samples containing Cryptosporidium oocysts.
Cryptosporidium spp. were evaluated by PCR targeting of the small subunit
rRNA (SSU rRNA) gene followed by restriction fragment length polymorphism
(RFLP) and sequencing (Xiao et al., 1999, 2001). Cryptosporidium subtypes were
determined by PCR and subsequent sequencing of the 60-kDa glycoprotein (gp
60) gene (Alves et al., 2003, 2006). Samples with negative results in these two
PCR assays were further investigated at the 70-kDa heat shock protein (hsp70) locus
(Morgan et al., 2001). The sequences that were obtained were compared with se-
quences in the GenBank database (BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi).

Representative sequences from this study have been deposited in GenBank (acces-
sion nos. KX579754—KX579757). Fisher’s exact test was used for statistical anal-
ysis (Epi Info™ CDC, Atlanta, GA, USA).

2.3. Ethical approval

Ethical approval for the investigation was granted by the National Committee for
Bioethics for Health in Mozambique (12/CNBS/2009). An informed consent sheet
was explained and given to all individuals who voluntarily agreed to participate in
the study. Individuals who could not write were allowed to sign the consent form
with an X. To ensure that the study objectives were understood by the participants,

all information was provided in both Portuguese and a local language.

3. Results

In all, 108 patients (51 females, 57 males) were included in the study. The average
age was 37.7 (17—73) years for females and 32.6 (19—60) years for males; data on
age was missing for five patients (one female, four males). Eighty-three of the pa-
tients (42 females, 41 males) were HIV positive, whereas the HIV status of the re-
maining 25 patients (nine females, 16 males) had not been determined. Of the 83

patients with confirmed HIV infection, 30 (16 females, 14 males) were on ART,
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Fig. 1. Flowchart demonstrating the status of 108 patients with diarrhoea.

and 53 (26 females, 27 males) were not receiving treatment. Acute diarrhoea (<14
days) was reported by 64 of the patients (32 females, 32 males) and chronic diar-
rhoea (>14 days) by 38 cases (19 females, 19 males). Duration of diarrhoea was un-
known or inconclusive in six of the male cases (Fig. 1). Ninety participants reported
having access to tap water, and 11 had well water; information regarding source of
drinking water was missing for seven individuals, all males. Microscopy revealed C.
belli oocysts in 25.0% (27/108) of the samples and Cryptosporidium oocysts in 8.3%
(9/108), and two of these positive samples contained both parasites (Fig. 2). No oo-
cysts of Cyclospora cayetanensis were detected. Identification of Cryptosporidium
spp. was possible in all eight cases with available DNA, which revealed infections
with the three species C. parvum (n = 3), C. hominis (n = 3), and Cryptosporidium
felis (n = 1), as well as one mixed infection with C. hominis/C. parvum. Subtyping at
the gp60 level was successful for four isolates: two with C. hominis subtype
T1aA23R3, one with C. parvum lleA12G1, and one with C. parvum IIcA5G3d. Infor-
mation provided by the cryptosporidiosis patients is shown in Table 1, together with
the results of molecular analyses. Likewise, information concerning the cystoiso-
sporiasis patients is shown in Table 2. A weak but significant correlation was found
between chronic diarrhoea and infection with Cryptosporidium spp. (p = 0.049),
whereas no correlation was demonstrated between duration of diarrhoea and infec-

tion with C. belli. Moreover, no association was noted between Cryptosporidium or

Fig. 2. Coccidian oocysts stained with modified Ziehl-Neelsen technique (Henriksen and Pohlenz,

1981). Oocysts of Cryptosporidium spp. are round and measure 4—6 pm (A). Oocysts of Cystoisospora
belli are long and oval shaped. The oocysts may vary a lot in size and a measure between 17—37 um in
length and 8—21 pm in width have been described (Jongwutiwes et al., 2007) B shows a mature oocyst
with two sporocysts and C shows an immature oocyst with a single sporoblast.
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Table 1. Information on Cryptosporidium species and subtypes in nine patients

with cryptosporidiosis.

Patient Sex Age HIV ART Duration Cryptosporidium gp60 subtype/ gp60 acc.

ID status of spp. rRNA/hsp70  reference no. in
diarrhoea reference acc. no. acc. no this study

Map04" F 49 Positive Yes >14 days C. hominis [aA23R3 KX579754
rRNA GQ983350  JQ798143

Map22 M Uu u U U C. felis -
hsp70 AF221538

Map40 F 20 U U >14 days C. parvum NA
rRNA JN812214

Map54 F 37 Positive No >14 days C. hominis IaA23R3 KX579755
rRNA GQ983350  JQ798143

Map60 F 33 Positive Yes >14 days C. parvum rRNA  IleA12Gl KX579756
AF164102 AY382675°

Map65 M 40 Positive No >14 days rRNA C. hominis  TIcA5G3d KX579757
+ C. parvum® AF440636

Map70 F 33 Positive No >14 days C. parvum NA
rRNA JN812214 ¢

Map73* M 29 Positive No <14 days C. hominis, NA
hsp70 XM_661662

Mapl108 M 43 U U <14 days NP NP

NA: not amplified; NP: not performed (no DNA available). U: Unknown.
# Co-infected with C. belli.

999 identity (420/421 bp).

“Mixed species identified in the chromatogram.

499% identity (790/791 bp).

C. belli infections and the patients’ sex, source of drinking water or ongoing antire-

troviral therapy (all p values > 0.5).

4. Discussion

This study conducted in Mozambique has specifically addressed the occurrence of
Cryptosporidium and C. belli in adult diarrhoeic patients, most of whom had a
confirmed diagnosis of HIV. Cryptosporidiosis in childhood diarrhoea has been
studied in different areas of Mozambique, but adult diarrheic patients have only
been investigated to a limited extent in this country (Cerveja et al., 2017; Irisarri-
Gutierrez et al., 2017; Kotloff et al., 2012; Meurs et al., 2017; Nhampossa et al.,
2015; Sow et al., 2016).

The prevalence of Cryptosporidium in Africa varies considerably, ranging from less
than 1% in healthy children and adults to 72% in diarrheic patients (Squire and Ryan,
2017). We found Cryptosporidium oocysts in 8.3% of the participants in our study,
which corroborates the results obtained in Chokwe in southern Mozambique in an

investigation of Cryptosporidium and other intestinal protozoans in 99 HIV- and/
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Table 2. Information on 27 patients with cystoisosporiasis.

Patient ID Sex Age HIV status ART Duration of No of C. belli
diarrhoea oocysts/slide
Map02 M 40 Positive Yes >14 days 11-50
Map04* F 49 Positive Yes >14 days <5
Map10 F 60 U U >14 days U
Map12 M 27 U U <14 days 5—-10
Map16 F 38 Positive Yes <14 days <5
Map20 M U U U U <5
Map27 F 61 Positive No <14 days <5
Map32 M 46 Positive Yes <14 days 5—10
Map36 M 36 Positive No <14 days <5
Map44 F 26 Positive No <14 days <5
Map46 F 29 Positive No <14 days 11-50
Map49 F 35 Positive Yes <14 days 5—-10
Map51 M 45 Positive Yes <14 days 11-50
Map53 M 28 Positive No >14 days 11-50
Map55 M 32 Positive Yes <14 days 5—10
Map56 M 27 Positive Yes <14 days >50
Map64 M 29 Positive No <14 days <5
Map67 M 42 Positive Yes >14 days <5
Map68 M 27 Positive No <14 days >50
Map69 F 29 Positive Yes >14 days <5
Map73* M 29 Positive No <14 days 5—-10
Map81 M 35 Positive Yes >14 days >50
Map87 M 34 Positive No >14 days <5
Map88 M 27 Positive Yes <14 days 11-50
Map90 M 30 Positive No >14 days <5
Map97 M 30 Positive No <14 days <5
Map98 F 30 Positive Yes >14 days U

#Co-infected with Cryptosporidium. U: Unknown.

or tuberculosis-infected individuals of various ages. Here cryptosporidiosis was
diagnosed by nested PCR in 8% (8/99) of the evaluated patients, whereas no cases
of cystoisosporiasis were reported, although only 15% of the participants had diar-
rhoea (Irisarri-Gutierrez et al., 2017). A similar prevalence in HIV-positive patients,
6% (8/201), was reported using a copro antigen test in a study focusing on HIV-
positive and negative patients attending a health center in Maputo, while microscopy
performed on all HIV-positive cases (371) revealed only one positive sample. In the
same study one HIV-negative patient with C. belli oocysts was found (Cerveja et al.,

2017). Another study from Beira, Mozambique, performed on 303 patients (general
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population, children and adults) reported a Cryptosporidium prevalence of 2% (6/
302) using real time PCR while no C. belli oocysts were found in 201 samples inves-
tigated by microscopy (Meurs et al., 2017).

Subtyping of our isolates at the gp60 gene locus revealed the two C. parvum subtype
families Ile and Ilc, both of which are considered to be anthroponotic, because thus
far they have been found mainly in humans. The subtype [IleA12G1 sequence was
nearly identical to the reference sequence AY382675 (442/443 bases), but differed
by around 18 bases in the post-repetitive part compared to several other sequences
in GenBank dedicated to either Ile or IIm, and this observation underlines the need
for harmonization of the nomenclature for these two subtype families. The lleA12Gl1
subtype has been reported only twice, once in children in Malawi and once in HIV
patients in Ethiopia (Adamu et al., 2010; Peng et al., 2003). In our study, RFLP and
sequencing of the SSU rRNA gene revealed a patient with mixed C. hominis/C. par-
vum infection, but, despite repeated PCR/sequencing of the gp60 gene, only the C.
parvum subtype, lIcA5SG3d, was amplified. Many variants of IIcA5G3 (differenti-
ated by lower-case suffixes) have been recognized. The subtype found in our study,
IIcA5G3d, has been detected in children in South Africa and HIV-positive adults in
Jamaica (Gatei et al., 2008; Leav et al., 2002). Sow and colleagues subtyped five C.
parvum isolates from Mozambican children included in the Global Enteric Multi-
center Study (GEMS) and according to their article the majority of the isolates
were identified as IIcA5G3 (Sow et al., 2016). The two C. hominis isolates that could
be subtyped in our investigation had subtype [aA23R3, which has previously been
identified in the two African countries of Nigeria and Sao Tomé and Principe (L.obo
et al., 2014; Maikai et al., 2012). Also, a recent study in Mozambique found two
other C. hominis subtype families, Ib and Id, thus stressing the need for further gen-
otyping efforts in this part of the world (Irisarri-Gutierrez et al., 2017). Two samples
in our study, one with C. hominis and the other with C. felis, failed in both SSU
rRNA and gp60 PCR but were positive in hsp70 PCR. A plausible explanation
for these findings is that the hsp70 PCR we used amplifies a shorter fragment
compared to the other two PCR assays we employed (325 vs. ~900 bp) and hence
is less sensitive to degraded DNA, and the DNA in our study was probably degraded

after having been subjected to repeated freezing and thawing.

Considering that two of the four C. parvum isolates in our evaluation contained
anthroponotic subtypes, and the other two could not be subtyped, the only support
for potential zoonotic transmission was the infection with C. felis, a species that usu-
ally affects cats. Only a handful of studies conducted in Africa have described C. fe-
lis infections in humans (Squire and Ryan, 2017). Furthermore, only one
investigation has considered the occurrence of Cryptosporidium in cats in Africa,
and in that evaluation Samie and colleagues detected Cryptosporidium spp. in
32% of the cats in the Thohoyandou region in South Africa, an area close to

Mozambique (Samie et al., 2013). However, it is possible that anthroponotic
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transmission of C. felis can occur, particularly in areas with a high incidence of cryp-

tosporidiosis in HIV patients (Cama et al., 2000).

We found that 25.0% of the patients in our study were infected with C. belli. This rate
is high compared to levels noted in most of the recent reports from Sub-Saharan Af-
rica, indicating a prevalence of 0.7% in the general population of Burkina Faso and
Mozambique (Cerveja et al., 2017; Sangare et al., 2015) and 3.5%—10% in HIV pa-
tients in Nigeria and Cameroon respectively (Olusegun et al., 2009; Vouking et al.,
2014). Remarkably, in our study no differences in number of positive cases were
seen between patients with or without ART provided, which would have been ex-
pected. We have no plausible explanation for this, but the higher rate we observed
does concur with some investigations in India revealing cystoisosporiasis in
26—31% in patient groups similar to ours, HIV-positive patients with diarrhoea
(Prasad et al., 2000; Vignesh et al., 2007). In another Indian study, also on HIV-
positive patients with diarrhoea, all patients were provided ART, as well as trimeth-
oprim/sulfamethoxazole (TMP/SMX) prophylaxis, despite that 22% were infected
with C. belli (Mohanty et al., 2013). Thus it seems that although the incidence of
C. belli might vary geographically, the differences in the number of diagnosed cases
are mainly attributed to the immune and diarrhea status of the patients. Further on the
sensitivity of the diagnostic methods used might contribute to differences in obtained
prevalences (Bialek et al., 2002; Pacheco et al., 2013). In our investigation, where
the entire Ziehl-Neelsen stained smears were observed by microscopy, the number
of oocysts varied from one to >50 per sample, and thus cases with a low number
of oocysts, which also varies considerably in size and appearance, could easily
have been overlooked (Jongwutiwes et al., 2007) (Table 2, Fig. 2).

Cystoisosporiasis is a serious infection in immunosuppressed patients, but, in
contrast to cryptosporidiosis, treatment, such as TMP/SMX, is available, and there-
fore it is very important to raise awareness about the occurrence of this parasite in
HIV-infected individuals. TMP/SMX prophylaxis for Pneumocystis jirovecii pneu-
monia (pcp) is used in many settings for HIV-infected patients with a low CD4
count, and it might also be effective against the C. belli parasite (Anglaret et al.,
1999). The national guidelines in Mozambique recommend that TMP/SMX be given
as pcp prophylaxis to all HIV-positive patients (Guia de Tratamento Antiretroviral e
Infeccoes Oportunistas no Adulto, 2013). Unfortunately, our study provided no in-

formation concerning this issue for the present patients.

In conclusion, an unexpectedly high occurrence of the diarrhoea-related coccidian
parasite C. belli was found in this study. This observation, in combination with
the presence of anthroponotic species/subtypes of Cryptosporidium, indicates that
the human-to-human route represents the main pathway of transmission of coccidian
intestinal parasites in the investigated population. Investigation of C. belli in HIV-
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positive subjects is advocated and should be included in routine diagnostic

parasitology.
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