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Abstract

Cryptosporidiosis is a gastrointestinal disease of humans and other animals, caused by the ge-
nus Cryptosporidium spp. It causes persistent diarrhea and malnutrition and is associated with
increased mortality. This study aimed to assess the efficacy of nitazoxanide (NTZ) on clearing
the oocysts of C. parvum among infected children using both parasitological and PCR tech-
niques.120 children (1-12y) shedding Cryptosporidium oocysts in their stools were enrolled in
the study. They were classified on the basis of the immune status into immunocompetent (ICT)
and immunocompromised (ICZ) groups. Each group were subdivided into two groups one of
them received NTZ, and the other received placebo. The efficacy of nitazoxanide was assessed
clinically, parasitologically and by nested-PCR technique. At the end of 1% week of treatment,
80% of ICT/ NTZ group and 40% of ICT/ placebo group were free by PCR and 83.3% & 20%
respectively were microscopically free. While at the end of 4™ week, 93.3% of ICT/ NTZ group
and 43.3% of ICT/ placebo group were free by PCR and 96.7% & 26.7% respectively were mi-
croscopically free. Among the ICZ group, diarrhea was resolved in most patients receiving
NTZ within 21 to 28 days of treatment initiation While, it resolved in the ICT group receiving

NTZ in most patients within 3 to 5 days of treatment initiation
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Introduction

Generally speaking, Cryptosporidiosis
parvum is a zoonotic protozoan parasite in-
fects intestinal epithelial cells of man and
animals causing a major health problem
(Abouel-Nour et al, 2016). They added that
the reduction and elimination of shedding
oocysts in response to the treatments might
be attributable to a direct effect on parasite
growth in intestines, sexual phases produc-
tion and/or the formation of oocysts. The
results were evaluated histopathological ex-
amination of ideum section of control mice
(uninfected, untreated) displayed normal ar-
chitecture of the villi C. parvum is a com-
mon cause of a mostly acute, self-limited,
watery diarrhea in immunocompetent indi-
viduals (Gargala et al/, 2000). In (HIV and
non-HIV) immunodeficient subjects, cryp-
tosporidiosis may lead to life-threatening
chronic diarrhea and, because of the inci-
dence of AIDS, it is a public health concern
in many developing countries where AIDS
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is endemic (Griffiths, 1998).

Although stool microscopy was useful for
identification of C. parvum infection, this
tool is relatively insensitive when small
numbers of oocysts are excreted or the peri-
od of oocyst shedding is short. Therefore,
many infections may escape microscopic
detection. Also El-Shazly et al. (2002) and
Helmy et al. (2004) mentioned that detection
of Cryptosporidium infection in stool by
permanent stains showed lowest sensitivity
and accuracy when compared to PCR.
Hence improved methods for detection of
Cryptosporidium oocysts in environmental
and clinical samples are urgently needed to
improve detection of cryptosporidiosis.

The TagMan probes were specific for the
genus Cryptosporidium, but could not hy-
bridize exclusively with human-infectious C.
parvum species and genotypes. DNA extrac-
tion was achieved with the diarrhea samples.
This result indicates that C. parvum DNA
extracted using the commercial kits is feasi-
ble on diarrheic feces, with large numbers of



oocysts and small concentrations of PCR
inhibitor. Yu et al. (2009) compared the sen-
sitivity of 7 PCR primer sets for detection of
Cryptosporidium parvum. Each target gene
was amplified by PCR or nested PCR with
serially diluted DNA extracted from purified
C. parvum oocysts. They defined the
COWP-nest primer for nested PCR as the
most sensitive one in detecting Cryptospor-
idium gene.

Of the chemotherapeutic and immunothera-
peutic agents tested in recent years, few
have shown anti-cryptosporidium activity
(Tzipori, 1998).None of the potential treat-
ments for cryptosporidiosis has been shown
to be effective in randomized controlled tri-
als (Amadi et al, 2002; Abubakar et al,
2012). Infectious relapses are often observed
after anti-cryptosporidial therapy, both in
animal models and in clinical studies, pri-
marily because parasites persist in the biliary
tract, which is not reached by active agents,
such as paromomycin, that are not absorbed
from the digestive tract (Bissuel et a/, 1994).
Nitazoxanide yields a very reactive metabo-
lite; tizoxanide (TIZ), and have a nitro-
group, which could undergo one electron
reduction and recycling like metronidazole
to yield significant amounts of superoxide
radical anion, and hence become toxic to the
anaerobic protozoa; suggesting that the ni-
tro-group is essential for anti-protozoal ac-
tivity (Adagu et al, 2002). This underlines
the potential interest in agents such as nita-
zoxanide, which has already been shown to
be active in vitro and to be readily absorbed
from the gut. In humans, nitazoxanide is me-
tabolized in vivo into tizoxanide and tizoxa-
nide glucuronide, and these are the only me-
tabolites detected in blood samples (Stockis
et al, 1996).

Subjects, Materials and Methods

Study type: Prospective, randomized, doub-
le-blinded, controlled and experimental trial.
Fecal samples of 370 children (1-12y) with
acute or chronic watery, attending the On-
cology and Nutrition units, of the Pediatrics’
Department of Zagazig University Hospitals
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were screened to identify cryptosporidium
oocysts and enroll 120 positive cryptospor-
idial cases in the study after parents’ con-
sent. These patients were classified on the
basis of immune status into immune com-
promised (ICZ) (60 patients); under immune
suppressive chemotherapy. The other 60 pa-
tients were considered as immune competent
group (ICT). These two groups were subdi-
vided into two groups (each group com-
posed of 30 cases):
¢ ICT/ NTZ G: 30 cases received nitazoxa-
nide suspension (age-balanced doses) twice
daily for 3-4 days.
e ICT/ placebo G: 30 cases received placebo
(honey-mixed aqueous solution) twice daily
for 3-4 days.
¢ [CZ/ NTZ G: 30 cases received nitazoxa-
nide suspension (age-balanced doses) twice
daily for 7-28 days.
¢ [CZ/ placebo G: 30 cases received placebo
(honey-mixed aqueous solution) twice daily
for 7-28 days.
After macroscopic examination of all stool
samples, they were preserved in sodium ace-
tate acetic-acid formalin (SAF) stock solu-
tion. Formalin-ethyl acetate sedimentation
technique was used for the detection of coc-
cidian oocysts. The deposit was subjected to
direct smear examination and Lugols iodine
as a temporary stain for detection of proto-
zoal cysts. The smears were fixed in methyl
alcohol to be subjected for permanent stain-
ing technique using Safranin-Trichrome
stain. The period of each individual experi-
ment continued for 4 weeks for follow-up.
The efficacy was assessed according to:
Clinical response (primary end point) from
the time of initiation of treatment to the pas-
sage of the last unformed stool was record-
ed. It was at the days 7, 14, 21, &28 and was
either: “well” or continuing illness”
Parasitological response (secondary end
point): It was assessed by examination of
two stool samples of cases with persistent
watery diarrhea for the presence of C. par-
vum oocysts by microscopic examination of
SAFRANIN-TRICHROME stained smears



after formol-ether concentration and by
nested PCR technique. Samples were col-
lected at the days 7&8; 14&15; 21&22 and
28&29 after treatment initiation. Parasito-
logical response was recorded as either erad-
ication or persistence.

Stool examination: Each stool sample was
collected in a clean, dry, labeled, wide-
mouth plastic cup (Fleck and Moody, 1988)
and subjected to: Macroscopic examination:
Including its consistency, presence of blood
or mucus, color and odor.

Each stool sample was divided into 2
parts; first part was preserved in SAF stock
solution (Junod, 1972) (1:3 parts) for micro-
scopic examination, the second part was pre-
served and stored for molecular examination
(0.2 g aliquot of each stool specimen was
removed by taking cores of the stool sample
with a cut-off 1 ml syringe, where 0.2 ml is
~0.2 g (Nechvatal et al. 2008). Each 0.2 g
core of feces was preserved at -20°C within
seven days, sealed in a sterile 50ml polypro-
pylene tube and placed in 4°C refrigerator
storage for 24 hours and then transferred to -
80°C before conscription.

Microscopic examination: In order to de-
tect even low burden of Cryptosporidium
oocyst, two different procedures were done;
formol-etheyl acetate concentration tech-
nique. (Jokipii et al. 1983 and reviewed by
Chessbrough 2000) and permanent-stained
smears by safranin-trichrome stain (Ponce
de Leon et al. 1999).

Molecular Diagnosis (Pedraza-Diaz et al,
2001) nested PCR of the COWP gene
included two consecutive PCR reactions.
The first reaction amplified the 769 bp frag-
ment by using pair of primer sets-
BCOWPF-19: 5-ACC GCT TCT CAA
CAA CCA TCT TGT CCT C-37; and
BCOWPR-19: 5'-CGC ACC TGT TCC
CAC TCA ATG TAA ACC C-3'. The
second reaction contained two nested
primers internal to the first primer pair and
delimits a 311 bp fragment. These were
Cowpnest-F1-15: 5'- TGT GTT CAA TCA
GAC ACA C(C-3’and Cowpnest-R2-15 5'-
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TCT GTA TAT CCT GGT GGG C3' The
larger fragment produced by the first reac-
tion was used as a template for the second
reaction. Primers were synthesized with
DNA synthesizer (OLIGOS, Fenland). It
used for nested-PCR (Yu et al, 2009)

PCR master mix was Maxime PCR PreMix
Kit (i-Taq; for 20ul reaction) (Intron Bio-
technology, Inc.). which is a ready-to-use
mixture of i-Taq'™™ DNA Polymerase
(5U/ul), dNTPs, Reaction Buffer (10 X) and
Gel Loading buffer.

Aamplification in each reaction was done by
adding 2pl of template DNA and 2pl for
each primer into Maxime PCR PreMix tubes
and14pl Distilled water was added into the
tubes to reach a total volume of 20ul into
Maxime PCR PreMix tubes.

The reaction was carried in with initial dena-
turation at 94°C for 5 min, followed by 30
cycles of amplification of denaturation at
94°C for 50 sec, Annealing at 55°C for 30
sec and Extension at 72°C for 50 sec . Final
extension was performed at72°C for 10 min.
The second-round PCR was identical to the
first-round PCR except for annealing at
600°C for 30 sec. (Yu et al, 2009).

The amplified PCR products were separated
by electrophoresis on 2% agarose gel in
TAE buffer and visualized under a transil-
luminator after staining with ethidium bro-
mide. (Viljoen et al, 2005).

Statistical analysis: Data were calculated,
tabulated and statistically analyzed using
windows XP IBM SPSS Statistics. The col-
lected data were entered, checked and ana-
lyzed using chi square (x*) (Knapp and
Miller, 1992). The proportional clinical and
parasitological response rates were com-
pared by treatment group by x> or Fisher’s
exact tests. P<0.05 was considered signifi-
cant, P <0.01 was considered highly statisti-
cally significant, and P >0.05 was consid-
ered non-significant.

Ethical considerations: The study was ap-
proved by the Ethics Committee, Faculty of
Medicine, Zagazig University, and children’
parents signed an informed consent form.



Results

48 of the 120 diarrheic patients passed <5
stools per day (they were 1-3 years old);
from which 23 (19.2%) were in ICT/ NTZ
group and 5 (4.2%) were in ICZ/ NTZ
group. Also, 69 diarrheic patients passed 5-
10 stools per day from which 7 (5.8%) were
in ICT/ NTZ group and 23 (19.2%) were in
ICZ/NTZ group. Mean duration of diarrhea
at enrollment was 6.48+2.1 days for patients
in the ICT/ NTZ group and 20.8+11.1 days
for patients in ICZ/ NTZ group with signifi-
cant difference in comparison with placebo
groups (Tab. 1).

Concerning the efficacy of nitazoxanide
(NTZ) therapy at the 1** week of treatment
among the ICT/NTZ patients, highly signif-
icant statistical differences were observed in
both the PCR parasitological response and
the microscopic parasitological response
(M/E) in relation to the placebo group (P <
0.001) Clinically, diarrhea was resolved in
most patients receiving nitazoxanide within
3-5 days. Nitazoxanide treatment reduced
the duration of diarrhea and increased stool
consistency compared with a highly signifi-
cant difference related to the placebo group
(P <0.001), among ICZ/NTZ patients, non

significant difference was observed in the
PCR parasitological response, the micro-
scopic parasitological response and clinical
response among the patients in relation to
placebo group (Tab. 2).

The efficacy of NTZ at the 4weeks gave
highly significant differences in PCR parasi-
tological response, the microscopic parasi-
tolgical response (M/E) and clinical respon-
se among ICT/ NTZ patients and ICZ/NTZ
patients in relation to placebo groups (Tab.
3). Diarrhea was resolved in most ICZ/NTZ
patients within 21 to 28 days of treatment
initiation.

At the end of 4™ week in ICT/NTZ group,
non-significant difference was between clin-
ical and the parasitological response (Safra-
nin-Trichrome stain), while in ICT placebo
group there was a significant difference.
Among ICZ/NTZ & 1CZ /placebo patients,
non-significant difference was between clin-
ical and microscopic parasitological respon-
ses (Tab. 4). Among both NTZ & placebo
ICT patients and NTZ & placebo ICZ pa-
tients non-significant difference was present
between microscopic and PCR parasitologi-
cal responses (Tab. 5).

Table 1: Clinical characteristics among the 120 Cryptosporidium infected children (n=30)

Clinical Parameter ICT (I) 1CZ(1D) P.value
NTZ Placebo NTZ Placebo

Stool frequency (/24 h)

3-4 23 (19.2%) | 20 (16.7%) 5 (4.2%) 0 (0%) <0.001**

5-10 7 (5.8%) 9 (7.5%) 23 (19.2%) | 30 (25%) | <0.001%**

>10 0 (0%) 1 (0.8%) 2 (1.7%) 0 (0%) <0.387

Duration of diarrhea (days) 6.48+2.1 8.29+3.2 20.8+11.1 | 29.2+12.5 <0.013

** Highly significant difference (P <0.01).

Table 2: Clinical and parasitological responses by microscopy & PCR; by treatment groups; at 1% week.

1™ week study NTZ Placebo 1 P.value
N=30 % N=30 %

ICT Clinical response 29 96.67 8 26.7 31.09 | <0.001**
(M/E) 25 83.3 6 20.0 | 24.09 | <0.001%**
(PCR) 24 80.0 12 40.0 10.0 | <0.002**

1cz Clinical response 3 10.0 0 0.0 3.16 0.076
(M/E) 2 6.7 2 6.7 0.27 0.605
(PCR) 7 23.3 5 16.7 0.42 0.518

** Highly significant difference (P <0.01).
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Table 3: Clinical and parasitological responses by microscopy & PCR; by NTZ & Placebo groups; at whole (4 weeks) study.

4 weeks study NTZ (N=30) Placebo (N=30) . p.value
No. [ % No %

ICT | Clinical response 29 96.7 16 533 15.02 <0.001**
(M/E) 29 96.7 8 26.7 31.09 <0.001**
(PCR) 28 93.3 13 43.3 17.33 <0.001**

ICZ | Clinical response 19 63.3 3 10.0 18.37 <0.001**
(M/E) 16 53.3 4 13.3 10.8 <0.001 **
(PCR) 16 53.3 7 23.3 5.71 <0.016 *

* significant difference (P <0.05).

** highly significant difference (P <0.01).

Table 4: Patients' clinical response and parasitological response by Safranin-Trichrome (microscopy M/E)
detected at end of 4™ week; in post-treatment stool samples by ICT& ICZ groups

Patients (N=30) C;r(l)l'cal resp:))/(r)lse P;Ii\rlisnologlcal roeAS)ponse 2 p.value
NTZ 29 96.7 29 96.7 0.52 0.472

ICT | Placebo 16 53.7 8 26.6 4.44 0.035

1Cz NTZ 19 63.3 16 53.7 0.62 0.432
Placebo 3 10.0 4 133 0.16 0.687

Table 5: Patients' parasitological response by Safranin-Trichrome (microscopy) and nested-PCR; detected
at end of 4™ week in post-treatment stool samples by ICT & ICZ groups

Patients
(N=30) (PCR) (ME) 1 p-value
No.| % | No.| %
ICT NTZ 28 | 933 | 29 | 96.7|0.35 0.554
Placebo 13 | 433 | 8 | 26.6|1.83 0.175
ICZ NTZ 16 | 53.3 | 16 | 53.3 | 0.07 0.795
Placebo 7 233 4 | 133 1.0 0.316

Discussion

In the present study, all the infected cases
were chosen from diarrheic patients. This
agreed with McDonald et al. (2001) and
Priest et al. (2003) who stated that C. par-
vum was an important cause of the diarrhea
worldwide. Previously, Moss et al. (1998)
and Priest et al. (1999) reported asympto-
matic Cryptosporidium infected cases.

In the present study, fecal samples were
examined by different methods. Cryptospor-
idium oocysts could not be identified in un-
stained wet mounts, but formol-ether con-
centration was the most sensitive sedimenta-
tion technique, which agreed with McNabb
et al. (1985). Also, the oocysts were identi-
fied by formal-ether sedimentation (Case-
more et al, 1985) stained by Safranin-
Trichrome stain after fixation with metha-
nol, with homogenous orange-pink colored
of varying degree of intensity against a blu-
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ish background. This agreed with Ponce de
Leon et al. (1999).

Although the stool microscopy was useful
for identification of C. parvum, but relative-
ly insensitive with small numbers of oocysts
or the period of its shedding and positive
infections escaped microscopic detection.
El-Shazly et al. (2002) and Helmy et al.
(2004) found that detection of C. parvum in
stool by permanent stains gave lowest sensi-
tivity and accuracy compared to PCR. Yu et
al. (2009) compared the sensitivity of seven
PCR primer sets for detection of C. parvum,
each target gene was amplified by PCR or
nested PCR with serially diluted DNA ex-
tracted from purified oocysts. The target
genes included C. parvum oocyst wall pro-
tein (COWP), small subunit ribosomal RNA
(SSU rRNA), and random amplified poly-
morphic DNA.

The present study agreed with Yu et al.
(2009), where the second-round amplifica-



tion using 311bp-primer of target gene
showed that the nested primer set specific
for the (COWP) gene proved to be the most
sensitive one for C. parvum. The PCR detec-
tion limit with Yu et al. (2009) ranged from
10° to 10* oocysts, while the nested PCR
was able to detect 10° to 10? oocysts as low
as a single oocyst. They concluded that the
most sensitive nested PCR target gene was
COWP and the primers cowpnest-F1 and
cowpnest-R2 detected as low as a single oo-
cyst..

In immunocompetent hosts, the disease is
more or less self-limiting, as in the present
study; the mean duration of diarrhea at en-
rollment was 6.48+2.1 days for patients in
the nitazoxanide treatment immunocompe-
tent group and 20.8+11.1 days for patients
in the NTZ treatment immunocompromised
group, compared with 8.2943.2 days for the
immunocompetent placebo group and
29.2+12.5 days with significant difference;
but in immunocompromised hosts, the dis-
ease could be chronic and debilitating this
was in agreed with Pozio et al. (1997).

Amadi et al. (2001) defined clinical re-
sponse on day seven as either well (no
symptoms, no watery stools, no more than
two soft stools/ 24 hours, or no symptoms
and no unformed stools within past 48
hours) or continuing illness (not fulfilling
definition of well). The parasitologic re-
sponse was assessed by two stool samples
on day seven and eight for oocyst by au-
ramine phenol smear microscopy. Response
was categorized as either eradication (no
oocyst in either post-treatment sample) or
persistence (oocyst in either or both post-
treatment samples).

In the present study, at 7 days after therapy
initiation; diarrhea resolved in ICT/NTZ
group, with a highly significant difference to
placebo group. Diarrhea was resolved in
most patients receiving NTZ within 3 to 5
days of treatment. Diarrhea was resolved in
the present study in most ICZ patients re-
ceiving NTZ within 21 to 28 days of treat-
ment. NTZ reduced diarrhea duration and
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increased stool consistency without signifi-
cant difference in relation to placebo.

Rossignol et al. (2001) in Benha Gover-

norate evaluated the efficacy of NTZ in
treating C. parvum diarrhea. They gave NTZ
as 500mg doses twice daily for 3 days to
adults and adolescents, in 200mg doses
twice daily for 3 days to children aged 4-11
years, and 100mg doses twice daily for 3
days to children aged 1-3 years.
They agreed with the present study as they
found 96/100 (96%) patients passed 5-10
stools/ day, and 4/100 passed >10 stools/day
and 39 patients had liquid stools, and 61
semisolid stools. Mean diarrhea duration
was 13.22 days (range, 5-97 days) for pa-
tients in the NTZ treatment, compared to
12.76 days (range, 5-90 days); for placebo
group. At enrollment, diarrhea had resolved
(clinical response) in 39/49 (80%) of pa-
tients on NTZ treatment group at 7 days post
therapy, compared with 20/49 (41%) in pla-
cebo group with a high significant differ-
ence. This diarrhea was resolved in most
patients receiving NTZ within 3- 4 days of
treatment, also. NTZ reduced the duration of
diarrhea and oocyst shedding with a high
significant difference. C. parvum was eradi-
cated (parasitological response) based on
two post-treatment negative fecal examina-
tions in 33/49 (67%) of patients on NTZ vs.
11/50 (22%) patients on a placebo with a
highly significant difference (Rossignol et
al, 2001).

The present study were perceived by Ros-
signol et al. (1998) and Amadi et al. (2002)
for resolution of diarrhea, showing no evi-
dence of effectiveness for NTZ compared to
placebo in immunocompromised patients
during 1% week of treatment.. NTZ led to a
significant parasitologic response compared
with placebo among all children, but without
significant for immunocompromised partici-
pants. Immunocompetent participants on
NTZ had a significantly higher response of
achieving parasitological clearance. Abdel
Maboud et al. (2000) studied cryptosporidi-
osis on 1087 diarrheal patients of all age



groups using the modified Ziehl-Neelsen
stain (MZN) and Meriflour direct immuno-
flourescent technique (IFA), by divided cas-
es into 3 groups; each group was treated
with NTZ or co-trimoxazole, or placebo.
The most effective drug was NTZ cured
39/49 (79.6%) diarrheal patients followed by
co-trimoxazole gave cure of 20/48 (41.6%)
and Placebo cured 20/50 (40%) of patients.

Practice guide-lines for the prevention and
treatment of cryptosporidiosis were given
(CDC 1995; Kaplan et al, 2002). The pauci-
ty of evidence for an effective intervention
meant that most of these guidelines rely on
the studies done on poor quality. Shalaby
and Shalaby (2015) in Egyptian school chil-
dren reported a significant relation between
cryptosporidiosis and low socio-economic
level in the rural area. They added that a
significant relation was obtained between C.
parvum infection and the presence of animal
contact. For HIV-infected persons, highly
active antiretroviral therapy (HAART) was
the bastion of preventing and managing
cryptosporidiosis. It led to complete resolu-
tion of clinical symptoms and oocysts
(Grube et al, 1997, Maggi et al, 2000; Miao
et al, 2000). This intervention was not avail-
able for the HIV patients who failed or were
unable to access HAART in the developing
countries.

No doubt, among these immunocompro-
mised persons without the option of an ef-
fective treatment for the underlying disease,
supportive management, including rehydra-
tion therapy, electrolyte replacement, and
anti-motility agents would remain the only
alternatives for the human-care until better
and specific drugs emerge.

Conclusion

This study proved that the absence of sub-
stantiation for effective agents in executive
of cryptosporidiosis. The nitazoxanide gave
marked clearance of oocysts and useful with
immunocompetent individuals.

Given the importance of the outcomes of
infection in immunocompromised individu-
als, it is worth considering using NTZ while
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clinicians await further evidence for its ef-
fectiveness in the immunocompromised pa-
tients. Undoubtedly, the use of the fluid and
the electrolyte replacement as well as the
anti-motility agents might be the choice for
the mass of immunocompromised patients.

The highly sensitive nested PCR method
proved helpful for cryptosporidiosis detec-
tion in patients with a low number of oo-
cysts and could be a valuable tool for detec-
tion of oocysts in environmental and clinical
samples
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Explanation of figures
Fig. 1: Cryptosporidium oocysts, stained by Safranin-Trichrome stain, X 1000.

Fig, 2: 769 bp +ve bands in 1% step of nested-PCR.

Fig. 3: 311 bp +ve bands in 2™ step of nested-PCR.
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