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Abstract To compare phase contrast microscopy (PCM) of
unstained slides for the detection of Cryprosporidium spp.
oocysts with a commercially available enzyme immunoassay
(EIA) for the detection of cryptosporidial antigen in human
stool samples, we prospectively analysed by both methods
463 fresh human stool samples obtained from diarrhoeic pa-
tients between July and October 2014. Compared with the
EIA, the sensitivity, specificity, positive and negative predic-
tive value of PCM were 88.9 % (95 % confidence interval
(CI), 66.0-98.1 %), 100 % (95 % CI, 99.0-100 %), 100 %
(95 % CI, 77.3-100 %) and 99.6 % (95 % CI, 98.3-100 %),
respectively. Additionally, we retrospectively examined with
PCM 65 fixed stool samples that had been collected in 2010
from mostly asymptomatic Rwandan children <5 years of age;
14 of these samples had previously yielded positive results
with a highly sensitive real-time (RT)-PCR. PCM detected
cryptosporidia in 5/14 RT-PCR-positive samples, and notably,
also in one of 51 RT-PCR-negative samples, which was sub-
sequently confirmed by acid-fast staining. Positive and nega-
tive percent agreement of PCM with RT-PCR were 35.7 %
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(95 % CI1, 16.2-61.4 %) and 98.0 % (95 % CI, 88.7-100 %),
respectively. Positive PCM results were associated with
higher RT-PCR cycle threshold values (»p=0.044). In conclu-
sion, PCM offers a highly specific, undemanding and inex-
pensive method for the laboratory diagnosis of acute human
cryptosporidiosis independent of the causative
Cryptosporidium species.

Keywords Cryptosporidium - Phase contrast microscopy -
RT-PCR - Rwandan children - ELISA

Introduction

Cryptosporidia are world-wide spread and may cause poten-
tially severe gastroenteritis in animals and man.
Cryptosporidium parvum and Cryptosporidium hominis are
the most prevalent pathogenic species in humans; C. hominis
is mainly transmitted between humans by the faecal-oral route
or more rarely acquired by inhalation while infections with C.
parvum are considered zoonotic with bovines constituting the
main reservoir (Shirley et al. 2012). Since outbreaks have
been reported (and Cryptosporidium spp. caused more out-
breaks in 2004-2010 than other protozoan parasites;
Baldursson and Karanis 2011), cryptosporidiosis is a notifi-
able disease in many industrialized countries. In the USA, 10,
000-12,000 cases are seen annually (Yoder and Beach 2010)
while around three cases of cryptosporidiosis per 100,000
population have been reported for European countries in
2012 (European Centre for Disease Prevention and Control
2014).

Cryptosporidiosis is a particular problem in malnourished
children in developing countries where watery diarrhoea may
last longer than 2 weeks in many children (Checkley et al.
2015). In Sub-Saharan Africa (SSA), C. hominis was the
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prevailing species in patients from Uganda (Tumwine et al.
2003), Malawi (Morse et al. 2007), Kenya (Gatei et al. 2006;
Wanyiri et al. 2014), Nigeria (Molloy et al. 2010), South
Africa (Abu Samra et al. 2013), Sao Tomé and Principe
(Lobo et al. 2014) and Ghana (Eibach et al. 2015), while
C. parvum was more frequently detected than C. hominis in
patients from Equatorial Guinea (Blanco et al. 2009) and
Ethiopia (Adamu et al. 2014). Prevalences of >20 % have
been reported for SSA in children aged <5 years with diar-
rhoea, and numbers are even higher for HIV-positive children.
Under these conditions, almost every second child experi-
ences cryptosporidiosis before the age of 2 years
(Valentiner-Branth et al. 2003). The disease is associated with
malnutrition and impaired physical fitness in late childhood,
and an independent and significant predictor of childhood
death in SSA (Mor and Tzipori 2008). A recent prospective,
case—control study involving data of more than 20,000 chil-
dren aged 0-59 months identified Cryptosporidium spp. as
one of four pathogens responsible for moderate-to-severe di-
arrhoea and associated with increased risk of death in toddlers
aged 12-23 months (Kotloff et al. 2013). Notably,
Cryptosporidium spp. are part of the WHO Neglected
Disease Initiative since 2004 (Savioli et al. 2006).

Avariety of novel and highly sensitive molecular assays for
the detection of specific antigens or parasitic DNA have been
developed (Checkley et al. 2015), and the same assays also
can be used to identify animals with cryptosporidiosis (Helmy
etal. 2014). Yet, their relatively high costs and the dependency
of their performance on further equipment hamper the intro-
duction of these methods in resource-poor areas where, how-
ever, cryptosporidiosis is a major health problem. When par-
asites are suspected most laboratories in these areas may per-
form light microscopy of wet mounts, but this does not allow
the detection of Cryptosporidium oocysts due to their small
size. While most institutions also keep acid-fast staining
(AFS; which also enables the detection of Cryprosporidium
oocysts) methods available for TB diagnosis, a simpler and
faster method might facilitate the diagnosis of cryptosporidi-
osis under field conditions.

Heine (1982) has developed an undemanding microscopic
method by spreading stool mixed with carbol fuchsin on glass
slides, covering of air-dried slides with immersion oil and a
cover slip, and immediate phase contrast microscopy (PCM).
Subsequently, this method (without the use of carbol fuchsin)
has been applied to stool samples enriched by centrifugation
(Kimmig and Hartmann 1986). Here, we prospectively com-
pared PCM under routine conditions with an enzyme immu-
noassay (EIA) regarding the detection of Cryptosporidium
oocysts or their antigens, respectively, in human stool sam-
ples. In addition, we analysed retrospectively 65 fixed samples
collected from Rwandan children at < 5 years of age; 14 of
these samples had yielded positive results with a highly sen-
sitive real-time (RT-)PCR.
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Materials and methods
Stool samples

Between July and October 2014, 463 stool samples collected
from diarrhoeic patients were submitted to our laboratory in
Stuttgart for the detection of Cryptosporidium oocysts and
included in the first part of the study. When more than one
sample per patient was submitted, only the first sample was
included.

In a second part, we included 65 merthiolate-iodine-
formaldehyde (MIF)-fixed stool samples collected from main-
ly asymptomatic Rwandan community children <§ years of
age; non-fixed portions of these samples had been analysed
before by RT-PCR (Verweij et al. 2004). Light microscopic
examination of these 65 samples before the present study had
revealed the following microorganisms: 32x Giardia
duodenalis, 18% Ascaris lumbricoides, 13x Entamoeba coli,
7x Entamoeba histolytica/dispar, 4% Blastocystis hominis, 3%
lodamoeba buetschlii, 2x Trichuris trichiura, 2% Endolimax
nana, 1% Chilomastix mesnili and 1% Pentatrichomonas
hominis.

For the present study, all samples were evaluated by PCM
by two examiners who were not aware of the previous RT-
PCR results. Fourteen of these samples had yielded positive
RT-PCR results although most of them with high cycle thresh-
old (Ct) values indicating relatively low amounts of target
DNA, which correspond to oocyst numbers (Table 2). The
other 51 RT-PCR-negative samples were from age- and sex-
matched children living in the same areas in Rwanda as the
RT-PCR-positive children. Details of the previous study
including the ethics statement and information regarding
the RT-PCR assay used have been published before
(Ignatius et al. 2012).

Microscopy

Slides were prepared according to a modified protocol of
the method originally published by Heine (1982). Briefly,
fresh or fixed stool material was thinly spread onto dry
glass slides and air-dried for 5-10 min. Slides were directly
overlayed with a drop of immersion oil, covered with a
cover slip (18x18 mm), and the entire field covered by
the cover slip scanned with PCM (magnification, x400).
As a result, Cryptosporidium oocysts appear as bright or-
ganisms of 4 to 6 um with a characteristic refraction of the
microscope light (Fig. 1; Kimmig and Hartmann 1986).
From all ETIA- or RT-PCR-positive samples that initially
yielded negative PCM results, additional slides were pre-
pared and examined by PCM and also following AFS,
which was preformed according to standard laboratory
procedures.
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Fig.1 Detection of Cryptosporidium oocysts by PCM (C cryptosporidia,
F fungi; magnification, x400)

Enzyme-linked immunoassay

All 463 fresh stool specimens collected in Stuttgart within the
first part of the study were additionally examined by using a
commercially available EIA (Ridascreen Cryptosporidium; R-
Biopharm, Darmstadt, Germany), which was performed ac-
cording to the manufacturer’s instructions.

Statistics

Data were statistically analysed by using GraphPad Prism
version 6.0a for Mac OS X. Differences were considered sta-
tistically significant for p<0.05. The Mann—Whitney test was
used to compare Ct values; medians plus 25 and 75 % percen-
tiles are presented. The EIA detects antigens expressed by
various Cryptosporidium spp. and could therefore be consid-
ered gold standard in the first, prospective part of the study.
Accordingly, we calculated sensitivity, specificity, positive
(PPV) and negative predictive value (NPV) of PCM with
95 % confidence intervals (95 % CI). Since the RT-PCR assay
applied does not detect all Cryptosporidium spp. (while PCM
is species-independent only considering size, shape, and
brightness of the microorganisms), we calculated the positive
and negative percent agreement (PPA and NPA, respectively)
and 95 % ClIs of PCM with RT-PCR.

Results
Prospective study

Fresh stool samples from 463 diarrhoeic patients (median age,
3 years; range, <1—88 years) were investigated prospectively
by PCM and EIA for the presence of Cryptosporidium oo-
cysts. PCM was positive for 16 samples (3.5 %; 95 % CI,
2.1-5.6 %) while 447 samples were negative. By EIA, the
16 PCM-positive plus two additional samples yielded a posi-
tive result (3.9 %; 95 % CI, 2.4-6.1 %). Thirteen of the 18
EIA-positive patients were male (72.2 %; 95 % CI, 48.8—
87.8 %) and five female (27.8 %; 95 % CI, 12.2-51.2 %j;

p=0.018, Fisher’s exact test); the median age was 4 years
(range, 146 years).

Upon microscopic examination of additional slides of the
two previously negative but EIA-positive samples, some sin-
gle oocysts could be found in both specimens, thereby exclud-
ing false-positive EIA results. Therefore, we considered the
two discrepant samples false-negatives in PCM. Based on this
data (Table 1), the sensitivity and specificity of PCM com-
pared with the EIA were 88.9 % (95 % CI, 65.0-98.1 %)
and 100 % (95 % CI, 99.0-100 %), and PPV and NPV were
100 % (95 % CI, 77.3-100 %) and 99.6 % (95 % CI, 98.3—
100 %), respectively.

Retrospective study

Subsequently, we examined 65 fixed stool samples from
Rwandan community children <5 years of age. All samples
had previously been examined by RT-PCR, and 14 of these
had yielded positive RT-PCR results. The majority of these 14
children were asymptomatic; the median age was 26 months
(range, 9-57 months; Table 2). PCM detected
Cryptosporidium oocysts in five RT-PCR-positive samples
(PPA; 35.7 %, 95 % CI, 16.2—61.4 %; Table 2). The other nine
RT-PCR-positive samples were initially negative by PCM.
The Ct values of microscopically positive samples were lower
than those of negative samples (Fig. 2; p=0.044).

Upon examination of additional slides, single oocysts
could be detected by PCM in two of the RT-PCR-positive
samples with very low oocyst numbers (and correspondingly
high Ct values; Table 2). While six of the seven repeatedly
negative samples had Ct values >30, the corresponding value
for sample 714a was 26.0 indicating relatively high amounts
of target DNA in this sample. Still this sample repeatedly
yielded negative results when examined by PCM or following
AFS.

Notably, one of the 51 RT-PCR negative samples was pos-
itive by PCM demonstrating oocysts in moderate numbers.
The presence of Cryptosporidium oocysts in this sample was
verified by AFS. The specimen had been collected from a 16-
month-old child with fever (38.5 °C), cough, and diarrhoea all
of which could have been caused by cryptosporidia.
Furthermore, none of the other parasites present in the 65
Rwandan samples (for details, see “Materials and methods”)

Table 1 Detection of

Cryptosporidium PCM

oocysts by PCM in 463

consecutively collected Positive Negative
fresh stool samples

compared with a EIA

commercially available Positive 16 2

EIA Negative 0 445
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Table 2 Data for Rwandan children with RT-PCR positive stool
samples (n=14)

Sample Age (months) Ctvalue Clinical symptoms  PCM result
2a 35 31.0 Loss of appetite )
20a 30 36.4 Fever, diarrhoea -
41a 12 30.0 - -
9la 20 26.0 Fever, catarrh +
168a 15 34.0 Cough -
183a 9 26.0 Abdominal pain +
222a 23 34.0 - -
223a 23 345 - )
232a 38 28.0 - +
264a 29 35.0 -

290a 21 31.0 -

330a 33 325 -

707a 57 35.0 Distended abdomen —
714a 33 26.0 - -

Ct cycle threshold of RT-PCR, “(+)” microscopically positive only upon
re-examination

yielded a positive PCM result. NPA of PCM with RT-PCR
was 98.0 % (95 % CI, 88.7-100 %).

Discussion

In the present study, PCM (in the absence of any staining
solution) proved to be a highly specific and undemanding
method for the detection of Cryptosporidium oocysts in hu-
man stool samples. As compared with a commercially avail-
able EIA, also its sensitivity was good.

We and others have reported equivalent or even higher
sensitivity of a distinct light microscopic method, i.e., AFS,
compared with Cryptosporidium oocyst-specific EIAs
(Ignatius et al. 1997; Johnston et al. 2003; Kehl et al. 1995;
Martin-Ampudia et al. 2012; Parisi and Tierno 1995). In
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Microscopy results

Fig. 2 Ct values of 14 RT-PCR-positive samples that yielded positive
(n=5) or negative (n=9) results by PCM (median and 25 % plus 75 %
percentiles)
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contrast, others have observed a lower sensitivity of AFS in
comparison with EIAs (Chalmers et al. 2011; Kaushik et al.
2008; Khurana et al. 2012). These discrepancies may be due
to a dissimilarity of the patients included in the studies (e.g.,
regarding HIV status, severeness of the disease, co-infections
etc.) and thereby differences in oocyst numbers shed with the
faeces. In fact, AFS detected in a recent Egyptian study
Cryptosporidium oocysts in 18 of 38 RT-PCR-positive sam-
ples from diarrhoeic children (EIA, 22/38 samples), but in
none of 18 RT-PCR-positive samples from non-diarrhoeic
children (EIA, 9/18) who most likely shed less oocysts than
diarrhoeic children as further discussed below (Fathy et al.
2014). Furthermore, EIAs may differ regarding their sensitiv-
ity (Ignatius et al. 1997). and new generations of EIAs may be
more sensitive than previous products.

The data obtained for PCM in comparison with RT-PCR
was less satisfactory than that observed in the first part of our
study, but this second set of samples had mainly been obtained
from non-diarrhoeic children. Moreover, RT-PCR is generally
accepted to be the most sensitive laboratory assay for the
detection of many pathogens including Cryptosporidium
spp., and its increased sensitivity in comparison with AFS
has been reported before (Fathy et al. 2014; Kaushik et al.
2008; Khurana et al. 2012; Martin-Ampudia et al. 2012;
Morgan et al. 1998; Zaidah et al. 2008). Interestingly, we
had obtained comparable results for the detection of G.
duodenalis by screening stool samples of the same group of
Rwandan children with RT-PCR vs. light microscopy
(Ignatius et al. 2012).

The sensitivity of PCM was significantly associated with
the RT-PCR Ct values, and thus with the numbers of excreted
oocysts. Therefore, its performance likely correlates with the
severity of the clinical symptoms of infected individuals be-
cause oocysts numbers in human and experimental animal
cryptosporidiosis decline with overcoming the infection and
cessation of diarrhoea (Baxby et al. 1985; Bukhari and Smith
1997). In fact, for a 100 % detection rate by AFS, 50 times
more oocysts per gramme stool are necessary in formed than
in watery stool samples (Weber et al. 1991). Possibly for this
reason, Cryptosporidium oocysts were detected microscopi-
cally in a large German study exclusively in diarrhoeic indi-
viduals and not in non-diarrhoeic controls while the opposite
was found for G. duodenalis (Schuster et al. 1991).
Alternatively and in contrast to the situation observed by us
in Rwanda, European children may not continue to shed
Cryptosporidium spp. after cessation of diarrhoea and there-
fore not constitute a relevant reservoir for this parasite. This is
supported by recent findings by Sagebiel et al. (2009) who
applied a highly sensitive antigen detection assay and detected
G. duodenalis but not Cryptosporidium oocysts in stool sam-
ples from non-diarrhoeic German kindergarten children. Thus,
PCM (as AFS as discussed above; Fathy et al. 2014) may be
more suited to detect the pathogens in diarrhoeic patients (as
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those patients included in the first part of our study) than in
rather asymptomatic carriers like the mainly randomly collect-
ed and mostly asymptomatic community Rwandan children
from the second part of our study who nevertheless constitute
reservoirs for new infections. Still, Cryptosporidium spp. have
recently been detected in 7.8 % of 880 symptomatic Rwandan
children <5 years demonstrating that these parasites also in
that area are important causative agents of acute childhood
gastroenteritis (Kabayiza et al. 2014).

Like AFS, PCM is species independent and can therefore
be applied in areas where various Cryptosporidium spp. are
prevalent. In our study, it detected Cryptosporidium oocysts in
one RT-PCR negative sample. Both C. hominis and
Cryptosporidium meleagridis, which also is present in SSA
(Mor and Tzipori 2008) might be detected by the RT-PCR
assay applied by us, but it most likely does not cross-react
with Cryptosporidium andersoni, Cryptosporidium felis and
Cryptosporidium muris all of which have been described in
some individuals in SSA (Fontaine and Guillot 2002).

Additional advantages of PCM are (i) its extremely low
costs of less than 0.1 € and (ii) its independence from all
further equipment (except a microscope, but including stain-
ing solutions and even water to rinse the slides). In addition, it
can be performed from fresh or fixed stool specimens. While
AFS is slightly more expensive (0.2 €) and requires staining
solutions and water supply, costs for the implementation,
maintenance, and performance of molecular methods are con-
siderably higher (5-7 €, excluding costs for the equipment)
than those of PCM.

In conclusion, PCM is the least expensive and undemand-
ing, but highly specific diagnostic method for species-
independent detection of Cryptosporidium oocysts. It may
therefore be well-suited for field studies. Since its sensitivity
depends on the number of oocysts excreted, it may preferen-
tially identify acutely infected patients while more sensitive
PCR assays may be required to also identify asymptomatic
carriers. Implementation of such assays, however, is demand-
ing in resource-poor settings and expensive.
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