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Abstract 
Cryptosporidium parvum is a protozoan parasite can affect humans, worldwide, causing asymptomatic 

infections or diarrheal disease, which may be life-threatening in immunocompromised and neonatal 

individuals. Mefloquine is one of the most promising anti-parasitic drugs. The present report aimed to 

study the in-vivo efficacy of Mefloquine when applied inimmunocompetent and immunocompromised 

cryptosporidiosis-infected mice groups, each of the them was subclassified into the following groups 

:non-infected non-treated group (normal control), infected non-treated group (infected control), nita-

zoxanide treated group and Mefloquine treated group. One week post infection, treated groups re-

ceived either Nitazoxanide (100mg\Kg daily for 5 days) or single dose of Mefloquine (400mg/ Kg). 

Two weeks post treatment, all mice were scarified. Stool samples and intestinal histopathological spec-

imens were examined. For both drugs, immunocompetent groups showed better parasitological clear-

ance than immunocomporomized one. Cryptosporidium oocyst reduction rates with Nitazoxanide 

(NTZ) and Mefloquine were 53.3%, and 61.6% respectively in the immunocompetent groups. The cor-

responding rates in immunocompromised groups were 49.93% and 60.03%.for NTZ and Mefloquine 

respectively. A single dose of Mefloquine treatment (400mg/kg) resulted in higher oocyst reduction 

rates than the approved anti-cryptosporidiosis drug (Nitazoxanide with five days application regi-

men).The histopathological study supported the parasitological findings as mefloquine treated mice 

tissue showed mild to moderate inflammatory changes while  that of other groups ranged from moder-

ate to severe alterations in the mice tissue. These results showed that Mefloquine which is FDA ap-

proved, already marketed and commercially available on a global scale has an excellent anti parasitic 

activity against C. parvum  infection with single dose application; which saves time, cost and efforts to 

search for additional or alternative drugs for treating cryptosporidiosis. More large scale studies are 

needed to illustrate its dose response relationship using multiple doses regimens, performance and lim-

itations on immunocompromized population, synergistic effect with already approved drugs , mecha-

nism of action on Cryptosporidium parasite and its possible role in chemoprophylaxis specially for 

high risk individuals. 
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Introduction 
   Cryptosporidium parvum is an internation-

ally distributed protozoan parasite that is 

existed in both vertebrates and invertebrates 

(Lima et al, 2011).Infections are transmitted 

by fecal-oral route, or through contaminated 

food or water, and many major waterborne 

outbreaks have occurred (Yoder and Beach, 

2010). Cryptosporidiosis represents a fore-

most health problem as it was a frequent 

cause of diarrhea in both immunocompetent 

and immunodeficient individuals (Rossign-

ol, 2010), all over the world (Yoder et al, 

2012; Insulander et al, 2013). Nitazoxanide 

is the only approved drug for treatment of 

diarrhea caused by Cryptosporidium infec-

tion (Mainali et al, 2013). But, it showed 

imperfect efficacy in the most vulnerable 

patients (Amadi et al, 2002; Abubakar et al, 

2007; Manjunatha et al, 2016). Besides, the 

dependence of a one drug as sole effective 

treatment for any microorganism is known 
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to carry an inevitable risk of electing re-

sistant strains and failure of treatment. 

Hence, development of new effective drug 

for cryptosporidiosis represents a pressing 

need. Drug repurposing (also termed re-pro-

filing, re-tasking, therapeutic switching or 

drug repositioning) is the process of devel-

oping new indications for existing, failed or 

abandoned drugs or advanced clinical candi-

dates (Sekhon, 2013). Drug repurposing was 

a useful strategy to accelerate drug devel-

opment process due to lower costs, little risk 

and decreased time to market due to availa-

bility of preclinical data (Padhy and Gupta, 

2011). This enables not only pharmaceutical 

companies but also public-sector researchers 

to engage in drug discovery and develop-

ment efforts (O’Connor and Roth, 2005), 

and hence might result in treatment options 

for diseases almost exclusively addressed by 

public sector researchers, such as the negl- 

ected tropical diseases. Mefloquine is a 4-

quinolinemethanol synthetic antimalarial an-

alogue of quinine developed in 1971 (Kumar 

et al, 2009). Years later, it proved to be 

more than antimalarial drug and gave excel-

lent antiparasitic activities including anti-

schistosomal one (Keiser et al, 2010; Ingram 

et al, 2012; Basra et al, 2013; Xiao et al, 

2013; Abou-Shady et al, 2016). Besides, an-

tischistosomial activity, Keiser et al. (2010) 

reviewed the effectiveness of mefloquine 

against food-borne trematodes and highlig-

hted that mefloquine was not active against 

Fasciola hepatica or Clonorchis sinensis, 

but was active against juvenile and adult Op-

isthorchis viverini in a hamster infection (Ke-

iser et al, 2009a). But, mefloquine failed to 

be effective against O. viverini in clinical 

trials (Soukhathammavong et al, 2011). Al-

so, mefloquine yielded significant results 

against C. sinensis infection in a rat model 

and Paragonimus westermani in a dog mod-

el, but was not better than praziquantel (Xi-

ao et al, 2010). Mefloquine proved activity 

against Babesia in man and dogs (El-Bahn- 

asawy et al, 2011; Munkhjargal et al, 2012), 

Echinococcus multilocularis (Küster et al, 

2015) and adult Fasciola gigantica (Shalaby 

et al, 2016). 

   The aim of this study was to explore the 

efficacy of mefloquine against cryptosporid-

iosis infection in a controlled study includ-

ing both the immuno-competent and the im- 

muno-compromized mice. 

Materials and Methods 
   This study was carried out on laboratory 

bred Swiss albino female mice (n=80) 

weighing about 20gm. They were categoriz-

ed into the following eight groups of ten 

mice each: GI: Immunocompetent, infected 

non treated mice, GII: Immunocompetent, 

infected animals treated with nitazoxanide 

orally 100mg/kg (Li et al, 2003) daily for 

five consequent days, one week post infec-

tion, GIII: Immunocompetent-infected mice 

treated with mefloquine orally 400mg/Kg si-

ngle dose (Keiser et al, 2009b), a week post 

infection. GIV: Immunocompetent, non-in-

fected non treated, GV: Immunocompromiz- 

ed, infected non treated mice, GVI: Immun-

ocompromised, infected animals treated with 

nitazoxanide orally (0.04-mg/mouse/day) 

daily for five consequent days, a week post 

infection, GVII: Immunocompromised, infe-

cted mice treated with mefloquine orally 

400mg/Kg single dose, a week post infection 

and GVIII: Immunocompromised, non-infe-

cted non-treated. The animals were sacrifi- 

ced two weeks post treatment. 

   Immunosuppression was performed by 

giving the animals synthetic corticosteroids 

(dexamethasone) orally at a dose of 0.25 mg 

/g/day for 14 successive days prior to inocu-

lation with Cryptosporidium oocysts (Rehg 

et al, 1988). Cryptosporidium oocysts were 

obtained from naturally infected calves (sla-

ughter houses) by collection of scrapings of 

the ileal mucous membrane and fecal conte-

nt (Anderson, 1985). The samples were exa-

mined for confirmation of the presence of 

oocysts by modified Ziehl-Neelsen staining 

method (Henriksen and Pohlen, 1981). The 

infective samples were preserved by mixing 

with an equal volume of 2.5% Potassium 

dichromate (K2Cr2O7), after Campbell and 
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Current (1983). Infective inoculum was pre-

pared (Reese et al, 1982) and the number of 

oocysts in the concentrated stock inoculum 

was counted to determine how much the flu-

id volume was the inoculum per mouse. 

   All mice in the studied groups except the 

control groups were infected orally with the 

prepared inoculum of Cryptosporidium oo-

cysts; this occurred on day 15 of dexametha-

sone in immunosuppressed groups (Moon et 

al, 1982). The animals were deprived of wa-

ter overnight, and were then inoculated in-

traesophageally with the prepared inoculums 

using a tuberculin syringe connected to a 

polythene tube. The amount given to each 

mouse was adjusted to contain approximate-

ly 1000 oocysts/mouse (Gaafar, 2007). Two 

weeks post treatment, all mice were scari-

fied. Stool samples and intestinal histopa-

thology were examined.   Mefloquine hydro-

chloride (Lariam 250mg tablets) was obtain- 

ed from ROCH Co.  Nitazoxanide (Nanazo-

xid100mg) was provided by Medizen Phar-

maceutical Industries for Utopia Pharmaceu-

ticals. 

   Assessment of infection and the drug ef-

fect: 1- Stool examination: Fresh fecal pel-

lets from each mouse in the study groups 

were collected separately. Each sample was 

suspended in 10% formalin and homoge-

nized. Then, 1mg was prepared as a fecal 

smear and stained by the modified Ziehl-

Neelsen staining method. The stained fecal 

smear was examined microscopically and  

number of oocysts was counted in 10 high- 

power fields (Mohamed et al, 2015). 

2- Histopathological examination: The ter-

minal 2 cm of the ileum was submitted to 

routine histopathological processing at the 

Department of Pathology, TBRI, where they 

were fixed in 10% neutral buffered formalin, 

dehydrated in ascending grades of ethanol, 

followed by immersion in xylene, and then 

impregnated in paraffin. Two 5-mm thick 

sections were taken from each block. One 

section was stained with hematoxylin and 

eosin for evaluation, and then examined by 

light microscopy for assessing the histopa-

thological changes (Tzipori et al, 1981). 

   Statistical analysis: Data were collected, 

tabulated, and statistically analyzed using 

SPSS program version 11. ANOVA test was 

used for detection of variation between the 

groups. Post hoc Bonferoni test was used for 

pair wise comparisons between groups. Un-

paired Student t test was used to assess if the 

host immune status influenced performance 

of drugs by comparing mean oocyst count of 

immunocompetent and immunocompromiz-

ed groups.  The percentage infection reduc-

tion rate was assessed using the formula: 

(mean value of infected untreated group-

mean value of infected- treated group) 

x100/mean va-lue of infected- untreated 

group (Abdel Sal-am et al, 2008).  

   A p-value equal to or less than 0.05 was 

considered significant and less than 0.01 was 

considered highly significant. 
. 

Results 
Table 1: Comparison between means of oocyst number in infected non-treated control, NTZ & Mefloquine treated immuno-

competent mice groups.   

Oocyst count  infected control (N=10)            NTZ (N=10)  Mefloquine (N = 9) P value           F 

 Mean +SD  33517.1+5320.1 15636.3+6300.4 12856.8+ 3061.7 
<0.001 

46,385 

 Range  24750–43333 1366.3–27000 8222.2–19200 
 
 

   There was a  highly significant difference 

between infected control mean oocysts count 

and that of NTZ and mefloquine treated im-

munocompetent mice, but mefloquine gave 

an observably lower mean oocyst count that 

reflected on mean oocysts count reduction 

rate of both groups; 53.3% for NTZ group 

and 61.6% for mefloquine treated one. 

 

   Pairwise comparison between groups us-

ing Bonferroni post hoc test showed tno sig-

nificant difference between mean Cryptos-

poridium oocysts count of NTZ and meflo-

quine treated immunocompetent mice P val-

ue= 0.750, denoting that the mefloquine ef-

ficacy was comparable to the NTZ with the 

upper hand for the former drug. 
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Table 2: Comparison between means of oocyst number in infected non treated control, NTZ and Mefloquine treated immuno-

compormized mice. 

 Oocyst count Infected control (N=10) NTZ(N=10) Mefloquine (N=10) P value F 

 Mean +SD 46973.95+11018 23511.99+8117.1 18767.6+5742.3 <0.001 

 

31.067 

Range  34888.9–72000 13555.6–39000 10888.9–25600    
   There was a  highly significant statistical  

difference between infected control group 

mean Cryptosporidium oocysts count and 

that of NTZ and mefloquine treated immu- 

nocomporomized mice groups , though mef-

loquine ones showed an observably lower 

mean oocysts count which was reflected on 

the mean oocyst count reduction rate of both 

groups ;49.9% for NTZ group and 60% for 

mefloquine treated one .Pairwise compari-

son between various groups using Bonferro-

ni post hoc test showed that there was no 

statistically significant difference between 

the mean Cryptosporidium oocysts count of 

NTZ and mefloquine treated immunocompe-

tent mice P value=0.679, denoting that mef-

loquine efficacy was comparable to that of 

NTZ with the upper hand for the earlier. 
Table 3: Comparison between NTZ and mefloquine in treating C. parvum infection by host immunity. 

Immune status Immuno competent Immunocompromized t P value 

NTZ 15636.3+6300.4 23511.99+8117.1 2.4238 0.0261 

Mefloquine 12856.8+ 3061.7 18767.6+5742.3 2.7510 0.0136 
    
   In NTZ and mefloquine treated mice, oo-

cyst mean counts were substantially impact-

ed by host immune status as they were sig-

nificantly higher in the immunocompromi- 

zed groups treated by both drugs. 

   The histopathological examination in this 

study was performed just to roughly assess 

our hypothesis regarding the mefloquine an-

ticryptosporial activity as manifested by the 

degree of inflammatory changes in small 

intestine tissue and not to measure its effect 

the on the intensity of infection. As seen in 

figures (1, 2, 3 & 4), the histopathological 

screening study results supported that of 

parasitological ones .The infected non treat-

ed samples showed sever villous atrophy 

and inflammatory cells infiltrations .There 

was a mild to moderate inflammatory reac-

tion in the mefloquine treated mice samples 

while the intensity of inflammation ranged 

from moderate to marked in the correspond-

ing NTZ samples as compared with the con-

trol samples. 

Discussion 
   Cryptosporidiosis may become life threat-

ening which can lead to death in some indi-

viduals specifically children and immnosup-

pressed patients. There was no completely 

satisfactory treatment for the cryptosporidial 

enteritis successfully developed (Castella-

nos-Gonzalez et al, 2016). Consequently, 

probing for an alternate effective therapy is a 

worthy research area. Mefloquine therapeu-

tic efficacy has been proved for many other 

parasites (Xiao et al, 2010;  Munkhjargal et 

al, 2012; Basra et al, 2013; Xiao et al, 2013; 

Küster et al, 2015; Shalaby et al, 2016; 

Abou-Shady et al, 2016), but up till now to 

our knowledge ,there are no studies in the 

literature about repurposing it for treatment 

of Cryptosporidium parvum parasite infec-

tion.In this study, both NTZ and mefloquine 

treatment resulted in a partial  parasitologi-

cal clearance of subjected mice as manifest-

ed by the highly significant statistical differ-

ence between  the mean C. parvum oocyst 

count in the treated groups as compared by 

the infected non treated one. These findings 

were valid for both immunocompetent and 

immunocompromized mice groups. In both 

NTZ and mefloquine treated mice the mean 

Cryptosporidium oocyst count was signifi-

cantly higher in immunocompromized. The-

oretically, this could be due to the  logic pro-

found replication of Cryptosporidium para-

sites happens as a result of dexamethazone 

induced immunosuppression so as to this 

enormous number  exceeds the top limit of 

antiparasitic capabilities  of both drugs  and 

eventually mounting  the parasite yield upon 
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treatment. On the molecular level, the dex-

amethazone inhibitory effect on CD4 cells 

numbers (Parimi et al, 1999) was substan-

tially contributing to this finding as the ulti-

mate control of Cryptosporidium parasite 

infection in adult mice is dependent on CD4 

T cells (Aguirre et al, 1994; Schmidt et al, 

2001). Consequently, in face of this dexame-

thazone induced CD4 declining numbers,it 

seems that even potent antiprotozoal agents 

as NTZ and mefloquine cannot affect the 

parasite replicating and infecting activities 

as if the immune system  is working proper-

ly. This agreed with Amadi et al. (2009) re-

ported the attenuating effect of the immuno-

suppressed status caused by HIV infection in 

children on  NTZ  therapeutic efficacy ,even 

after applying  a high dose prolonged treat-

ment regimen. Also, Amadi et al. (2002); 

Abubakar et al. (2007) and Manjunatha et 

al. (2016) demonstrated the NTZ inadequa-

cy in presence of immunocompromization 

status. The therapeutic effect of NTZ on 

Cryptosporidium infection in mice was pre-

viously reported since long time by others 

(Theodos et al, 1998; Blagburn et al, 1998; 

Gargala et al, 2000). Interestingly, meflo-

quine treated mice showed a higher Cryp-

tosporidium oocyst reduction rates  than the 

NTZ in both immumocompetetant and im-

munocompromized mice, though the differ-

ence was statistically insignificant, but in 

view of the difference in dosage regimen 

between mefloquine (single dose) and NTZ 

(five  consequent  doses), we can effortlessly 

expect much better performance for meflo-

quine if used in a repeated dosage system.    

   Generally, the histopathological study re-

sults supported the parasitological data, in 

mefloquine treated groups it showed mild to 

moderate degree of intestinal tissue inflam-

mation, while that of NTZ ranged from the-

moderate to marked inflammatory changes. 

Being both protozoa, both belong to Api-

complexa Phylum; Sporozoa Class and Coc-

cidia subclass, it could be hypothesized that 

the mechanism of mefloquine action on 

Cryptosporidium parasite might be related to 

that exerted by it on Plasmodium parasites. 

Plasmodium spp. could synthesize several 

species of sphingolipids (cell membrane 

component) and retrieve others from their 

host cells (Coppens, 2013). A pioneering 

study of the lipid content in P. falciparum-

infected red blood cells reported a signifi-

cant increase in the sphingomyelin content 

compared with uninfected red blood cells, 

probably owing to the parasite’s activities 

(Lawrence and Cenedella, 1969). Sphingo-

myelins are used by the parasite to form and 

stabilize a tubulovesicular network (TVN) of 

membranes that extends from the membrane 

of the parasitophorous vacuole to the eryth-

rocytic plasma membrane (Haldar, 1996; 

Lauer et al, 1997). Studies on the mefloqui-

ne mode of action reported that it activities 

through sphingomyelinase enzyme led to the 

excess in the ceramide production (Olliaro 

and Wells, 2009) and decreased infectivity 

in-vitro and in humans (Lauer et al, 2000; 

Grellepois et al, 2005; Pankova-Kholmyans-

ky  and Flescher, 2006). The excess cerami-

de was detrimental to the parasite (Pankova-

Kholmyansky et al, 2003). Sphingolipid-e-

nriched membrane micro-domains (SEMs) 

were glycosylphosphatidylinositol (GPI)-an-

chored proteins found in cell membrane and 

involved in various membrane functions. A 

primary function of SEMs was thought to re-

gulate the protein interactions by their abil-

ity to selectively recruit or exclude proteins 

as well as their ability to cluster into larger 

platforms (Manes et al, 2003). Interestingly, 

in another study on Cryptosporidium para-

site, SEMs were found to have a role in fa-

cilitating parasite attachment to host cellular 

membrane and hence affecting their infectiv-

ity. They used an in vitro model of human 

biliary cryptosporidiosis, demonstrated that 

C. parvum infection triggers the clustering 

of SEM components at infection sites. Thus, 

disruption of SEM components or inhibition 

of SEM platform formation decreases Cryp-

tosporidium attachment to and entry of cul-

tured cholangiocytes. Also, the authors re-

ported that clustering of SEM components at 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2185745/#R23
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infection sites appeared to be involved in the 

aggregation of Gal/GalNAc-associated me-

mbrane receptors and Cryptosporidium-in-

duced activation of the PI-3K/Cdc42/actin 

signalling pathway, processes were associat-

ed with parasite attachment to host cells and 

subsequent cellular entry. Thus, SEMs are 

required for C. parvum attachment to and 

entry of the host cells, likely via clustering 

of membrane-binding proteins and facilitat-

ing of C. parvum-induced actin remodelling 

at infection sites via activation of the PI-

3K/Cdc42 signalling pathway (Nelson et al, 

2006). Since mefloquine proved to be a po-

tent sphingomyelinase enzyme activator (Pa-

nkova-Kholmyansky et al, 2003), theoreti-

cally it could affect SEMs in which sphin-

gomyelin is a basic constituent (Manes et al, 

2003) and consequently, hinder the ability of 

Cryptosporidium parasite to attach, infect 

and form the tubulovesicular network neces-

sary for its biology.  

Conclusion 

   Mefloquine is an effective, well character-

ized and FDA approved alternative treatm-

ent for C. parvum infection. It showed a hi-

gher activity than the NTZ which is the only 

FDA approved for treatment of C. parvum 

infection. More large scale studies are need-

ed to illustrate its dose response relationship 

using multiple doses regimens, performance 

and limitations on immunocompromized po-

pulation, synergistic effect with already ap-

proved drugs, mechanism of action on Cryp-

tosporidium parasite and its possible role in 

chemoprophylaxis specially for high risk in-

dividuals.  Clinical trials could be instantly 

and effortlessly designed, approved and exe-

cuted as it is already marketed drug.  
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Explanation of figures 
Fig.1: Cryptosporidium parvum oocysts count in immunocompetent groups for each individual mouse.  

Fig. 2: Cryptosporidium parvum oocysts count in immunocompromized groups as recorded for each individual mouse.  

Fig.3: Mean oocyst reduction rate of NTZ and mefloquine immunocompetent and immunocompromized mice. 

Fig. 4: Histopathological changes of small intestine of studied groups A& B: Non infected control mice tissue showing nor-

mal villi structure and length, no inflammatory reaction.  C &D: Infected non treated mice tissue showing acute inflammatory 

cells infiltrations with sever villous atrophy E,F&G: Mefloquine treated  mice tissue showing mild to moderate acute inflam-
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matory cells infiltrations with villous widening H& I : NTZ treated  mice tissue showing moderate  to marked acute inflam-

matory cells infiltrations with villous widening 
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