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Summary

Cooks have an important role in the dissemination and transmission of enteropathogenic microor-
ganisms, including intestinal parasites such as Blastocystis sp. responsible for blastocystosis.
Blastocystis is a unicellular, anaerobic, eukaryotic protist that colonizes the intestinal tract of many
hosts. It is the most common parasite found in human stool. It can be the cause of acute digestive
disorders which could lead to chronic syndromes such as irritable bowel syndrome. The aim of the
present study is to determine the prevalence of this protozoan in cooks in the Fez-Meknes region.
This is a retrospective descriptive analytical study carried out in the Parasitology-Mycology laborato-
ry of the Moulay Ismail Military Hospital in Meknes.

Out of a total of 200 parasitological examinations of cooks’ stools, 88 (44 %) cases were positive
for intestinal parasites. Blastocystis sp. is the most frequently encountered protozoan in our study.
It represents 39.78 % of those infected. It is associated in 48.57 % of cases with another intestinal
parasite. Dientamoeba fragilis (D. fragilis) is the most found in 31.43 % of co-infections, respectively
followed by Entamoeba coli (E. coli) (8.57 %), Endolimax nana (E. nana) (5.71 %) and Pseudolimax
boutschlii (P. boutschlii) (2.86 %).

Our results showed a high prevalence of Blastocystis sp. in the kitchen staff population. These work-
ers must be considered as reservoirs of this microorganism, and therefore a source of infection in
those around them. Consequently, preventive measures are necessary, including raising awareness
among this population in order to effectively fight against the infestation by this protozoan in particu-
lar and other parasites in general.
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Introduction

et al., 2014; Tulu et al., 2014). Blastocystis sp. is one of these
protozoa, the most identified in symptomatic and asymptomatic

Parasitic infestations, especially those caused by protozoa, have
long been a public health problem. According to the World Health
Organization (WHO), nearly a third of people in developed coun-
tries are affected by parasitic intestinal infections, while the rate
is five times higher among people in developing countries (Gizaw
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patients during parasitological stool examinations (PES) (Thathai-
song et al., 2003; Wong et al., 2008). It is a unicellular anaerobic
eukaryotic parasite, frequently reported in humans and animals
worldwide (Wongthamarin et al., 2018). Its prevalence varies from
55 to 100 % in developing countries and from 7 to 50 % in devel-



Table 1. Prevalence of intestinal parasitic infections, as determined by analysis of stool specimens, according to age group and sex of 200 food handlers
in the Parasitology-Mycology laboratory of the Moulay Ismail Military Hospital in Meknes.

Variable Total Parasitic infection p - value
n (%) n (%)
Sex
Male 192 (96) 83(94.32) 0.284
Female 8 (4) 5(5.68)
Age group
30-34 27 (13.5) 11 (12.5) 0.792
35-39 137 (68.5) 61 (69.32)
40-45 36 (18) 16 (18.18)

oped countries (Lhotska et al., 2020; Wakid et al., 2022)
Currently, 28 subtypes (ST) have been described based on se-
quence comparison of the 18S rRNA gene denoted ST1 to ST28,
while only 24 subtypes meet the currently recommended criteria
for subtype identifications, their numbers are: ST1-ST17, ST21,
ST23-ST28. Subtypes between them (for example ST18-20,
ST22) are chimeras (Stensvold & Clark, 2020). The contribution
of this microorganism to pathogenicity is increasingly proven, al-
though long considered non-pathogenic, recent studies have sug-
gested a strong correlation between infection with Blastocystis sp.
and digestive disorders (Yakoob et al., 2010; Hayashi et al., 2006).
In particular, food handlers constitute a population at high risk
of contamination and spread of this parasite (Idowu & Rowland,
2006; Khurana et al., 2010). The risk in this population lies in the
absence of digestive symptoms in some cases, making carriers
asymptomatic (Aoun et al., 1999; Takizawa et al., 2009). The im-
portance of this group of workers in the transmission of parasitic
diseases has been emphasized by several authors (Tsega & Na-
dew, 1972; Sahlemariam & Mekete, 2001; Dagnew et al., 2012).
This study aims to assess the prevalence of Blastocystis sp. in
cooks in the Fez-Meknes region, who go to the Parasitology-My-
cology laboratory of the Moulay Ismail military hospital in Meknes,
for medical examinations in routine.

Materials and Methods

This is an analytical cross-sectional study carried out in the Parasi-
tology-Mycology laboratory of the Moulay Ismail Military Hospital in
Meknes, it was conducted on 200 asymptomatic persons (appar-
ently healthy), spread over a period of 2 years from 03/01/2019 to
11/02/2021. In our study, we included all the stool samples emitted
by the kitchen staff of the various military units in the Fez-Meknes
region, as part of periodic systematic screening. Three fecal sam-
ples were taken from each patient in a clean plastic container. The
samples were examined for the presence of intestinal parasites.
Each coprological sample was subjected to a macroscopic exam-
ination and microscopic in the fresh state (a pea of stools diluted
in physiological water), after staining with Lugol's iodine and af-
ter concentration according to the Ritchie method modified and
Bailenger. Occasionally, the rapid antigenic test for the diagnosis
of Giardia intestinalis (G. intestinalis) and microsporidia has been
performed. The x10 and x40 objectives were used for the detec-
tion of eggs and larvae of helminths, cysts and trophozoites of
protozoan parasites.

Blastocystis sp. positivity has been accepted when the parasite
count is greater than or equal to 5 elements per field when mi-
croscopically examined at 40x magnification (Nimri, 1993). The

Table 2. Prevalence of different parasites found.

Parasite lember . SPIp1 (%) SPIp2 (%)  Parasitic i_n_dex in re:Iation
of parasitized subjects to parasitized subjects
(%)
Amoebas Entamoeba coli 27 13.5 23.90 30.68
Entamoeba histolytica/E.dispar 2 1 1.77 2.27
Endolimax nana 16 8 14.16 18.18
Pseudolimax boutschlii 3 15 2.65 3.41
Total 48 24 42.48 54,54
Flagellates Giardia intestinalis 2 1 1.77 221
Chilomastix mesnilii 3 15 2.65 3.41
Dientamoeba fragilis 25 12.5 2212 28.41
Total 30 15 26.54 3410
Blastocystis  Blastocystis sp. 35 17.5 30.97 39.77
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Fig. 1. Distribution of intestinal parasitic species in infected individuals.

results of the macroscopic and microscopic analyzes of the PES
were collected from the registers of the service. All results were
entered using Microsoft Office Excel 2010 software and processed
by IBM SPSS Statistics 21.0 software.

Ethical Approval and/or Informed Consent

The study was retrospective. All data were collected from registers
available at the Parasitology Mycology Laboratory of the Moulay
Ismail Military Hospital in Meknes. The authors did not have any
contact with the patients. The stool samples received previously
were within the framework of routine care: screening for intestinal
parasite carriage in cooks without any additional procedure. It has
been taken care of to maintain patient anonymity. So the authors
have an approbation of ethics committee.

Results

During the study period (01/03/2019 to 02/11/2021), we included
200 PES of asymptomatic cooks (192 Men and 8 Women). The
mean age of the participants was 37.5 + 3.245 years, with ex-
tremes of 30 and 45 years. The largest food handler age group
was 35 — 39 years (68.5 %).

Fecal parasite testing was positive in 88 individuals, which corre-
sponds to an overall prevalence rate of 44 %. The prevalence of
intestinal parasitism in male cooks is higher compared to that ob-
served in female cooks 94.32 % versus 5.68 %. No significant sta-
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tistical differences regarding parasitic infections related to gender
(P=0.284) or age groups (P=0.792) were observed. The results of
the study are shown in Table 1.

The intestinal parasites identified in our study all belong to the
protozoa, the latter are represented respectively by the Amoe-
ba (42.48 %) followed by the Blastocystis (30.97 %) then the
Flagellates (26.54 %) (Table 2).

Blastocystis sp., Entamoeba coli (E. coli), Dientamoeba fragilis
(D. fragilis) and Endolimax nanus (E. nanus) were the most iden-
tified protozoan species in our study with respectively 30.97 %,
23.90 %, 22.12 % and 14.16 % (Table 2). Among the pathogenic
or potentially pathogenic parasites, we note the presence of D.
fragilis with a frequency of 22.12 %, followed by G. intestinalis and
Entamoeba hystolitica (E. hystolitica)l Entamoeba dispar (E. dis-
par) with the same prevalence rate of 1.77 %.

The parasitic association is recorded in 25 cases, or 12.5 % of
the cooks tested, made only of a combination of protozoa. The
species identified are found alone (monoparasitism) in 71.60 %
or in double bond (biparasitism) in 28.41 % of infected persons.
The bi-parasitic association between D. fragilis + Blastocystis sp.
is the most important, it represents 12.50 %, followed by E. coli +
E. nana with a rate of 5.68 %, then we find E. coli + Blastocystis
sp. with a frequency of 3.41 %. E. nana + Blastocystis sp. occupy
the fourth position with a percentage of 2.27 % and finally we find
E. nana + D. fragilis, E. coli + D. fragilis and C. mesnili + D. fragilis
with a rate of 1.14 % for each of them (Fig. 1).

The overall prevalence of Blastocystis sp. infection is 17.5 %



Table 3. Prevalence of Blastocystis sp. as determined by analysis of stool specimens, according to age group and sex of 200 food handlers in the Parasitology-Mycology
laboratory of the Moulay Ismail Military Hospital in Meknes.

Variable Total number of infected subjects Infection with Blastocystis sp. p-value
n (%) n (%)
Sex
Male 192 (96) 34 (97.14) 0.706
Female 8(4) 1(2.86)
Age group
30-34 27 (13.5) 5(14.29) 0.888
35-39 137 (68.5) 23 (65.71)
40-45 36 (18) 7(20)

(35/200). The rate of infection with this parasite is higher in men
(97.14 %) than in women (2.86 %). However, no significant differ-
ences between infection with Blastocystis related to sex (P=0.706)
or age groups (P=0.888) were observed (Table 3).

Blastocystis sp. is the most frequently encountered protozoan in
our study. It represents 39.78 % of those infected. It is associated
in 48.57 % of cases with another intestinal parasite. D. fragilis
found in 64.71 % of co-infections followed by E. coli, E. nana and P
boutschlii with 17.65 %, 11.76 % and 5.88 % respectively (Fig. 2).

Discussion
Our study series is composed of 192 men and 8 women, this very

low female representation is due to the fact that most military
structures employed men. In fact, several studies have found no

significant difference in parasite infection rates between the two
sexes. In our series, the average age of the participants was 37.5
+ 3.245 SD. Data on education level, place of residence, and eco-
nomic status were not collected.

In the present study, the PES was positive in 88 patients, for an
overall parasitism prevalence rate of 44 %. This rate of parasitism
is almost identical to that recorded Addis Abeba in Ethiopia
(45.3 %) (Aklilu et al., 2015). However, it is higher than the results
of other studies which have reported: 29.3 % in India (Ghosh et
al., 2014), 23.7 % in Kenya (Damen et al., 2015), 20.11 % in Saudi
Arabia (Haouas et al., 2021), 14.3 % in Ghana (Abaka-Yawson
et al., 2020), 21.5 % in Tunisia (Masmoudi et al., 2012), 28 % in
Algeria (Belkessa et al., 2021), 17.9 % in France (Rousset et al.,
1993), 19.3 % in Iran (Teimouri et al., 2021) and 14.5 % Northern
Ethiopia (Gezehegn et al., 2017).

Percentage (%)

Dientamoeba fragilis + Blastocystis sp.

Pseudolimax boutschlii + Blastocystis sp.

Endolimax nana + Blastocystis sp.

Entamoeba coli + Blastocystis sp.

I 286%

B 571%
P ss7%

I Blastocystis sp. alone

20 30 40 50 60

W Blastocystis sp. associated with other protozoa

Fig. 2. Prevalence of infection with Blastocystis sp. alone or associated with other protozoa.
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The differences in the prevalence reported in various studies may
be related to several factors such as socioeconomic status, cli-
matic conditions, poverty, personal and community hygiene, the
population studied, and the year in which these surveys have been
carried out.

The prevalence of parasitic infection shows a clear male predomi-
nance, 94.32 % versus 5.68 %, but without statistical significance
(P =0.284). This difference can be explained by the fact that the
maijority of military structures employed men. Therefore, we can-
not draw conclusions based on gender. Moreover, several studies
have not found a significant difference in the rates of parasitic in-
fection between the two sexes (Incani et al., 2017)

Age groups analysis (Table 1) revealed that the prevalence of
intestinal parasitic infections was 12.5 % among subjects aged
30 — 34 years (11/88), 69.32 % in the group aged 35 — 39 years
(61/88), and 18.18 % in the group aged 40 — 45 years (16/88).
These results no showed any significant association (P = 0.792)
between age and intestinal parasitic infection.

Protozoa are the only parasitic group identified in our series, and
they are represented by 54.54 % of Amoebas, 39.77 % of Blasto-
cystis, and 34.10 % of flagellates of all parasitized subjects.
Blastocystis sp. is the most widely detected parasite in our study
population, with a prevalence of 39.77 %, followed by E. coli
(30.68 %). These results corroborate those from the literature
since it is accepted that Blastocystis sp. is often recorded as be-
ing the parasite most frequently encountered in the stool, followed
by non-pathogenic protozoa such as E. coli or E. nana (Sebaa
et al., 2021; Heydari-Hengami et al., 2018; Tan, 2008) (Table 2).
The prevalence of Blastocystis sp. recorded in our study series
(39.77 %) is very close to that recorded in Egypt (35.5 %) (Fathy,
2011), but it is lower than the results of other studies carried out in
a population of food handlers in Tunisia (13 %) (Abda et al., 2017),
Iran (24.3 %) (Heydari-Hengami et al., 2018). In contrast, surveys
of school children in Senegal, Morocco, and Egypt reported prev-
alence rates of Blastocystis sp. of 100 %, 33.4 %, and 33.3 %,
respectively (El Safadi et al., 2014; Rahmouni, 2010; Rayan et
al., 2007).

Concerning co-parasitism, Blastocystis sp. is associated with an-
other parasite in 48.57 % of cases. The most frequent associa-
tion combines Blastocystis sp. and D. fragilis with a frequency of
64.71 %. Our results are correlated with those from the literature
which have shown that the most common co-infections are those
between protozoa and that biparasitic infection between Blasto-
cystis sp. and D. fragilis is the most mentioned (Rahmouni, 2010;
Piubelli et al., 2019). This co-infection can be explained by the
fact that these two parasites have the same mode of transmission.
Recent studies have reported that there is a significant association
between co-infection with Blastocystis sp. and D. fragilis and the
gastrointestinal symptoms (Maas et al., 2014; David et al., 2015;
Piubelli et al., 2019). D. fragilis is the most detected pathogen-
ic parasite in humans (Kallel et al., 1999; Dickinson et al., 2002;
Piubelli et al., 2019) with a prevalence varying between 0.9 %
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and 82.9 % depending on the country, the diagnostic method and
the population studied (Preiss et al., 1990; Ogren et al., 2016). It
should be noted that the presence of parasitic associations shows
alow level of sanitary, food and fecal hygiene as well as unfavora-
ble living conditions of these subjects (EI Moutaallik Billah, 2019).
The predominance of co-infection with protozoa is explained by
the similarity of risk factors and transmission modalities of these
parasites (Devera et al., 1998; Dupouy-Camet, 2000).

Blastocystis sp. is the most common protozoan found in PES in
both symptomatic and asymptomatic patients (Mohamed et al.,
2017; Kataki et al., 2019), with prevalence ranging from 55 to
100 % in developing countries and 7 to 50 % in developed coun-
tries (Lhotska et al., 2020; Wakid et al., 2022). The presence of this
protozoan in PES could be an indicator of poor personal hygiene
and the existence of other parasites (Yaicharoen et al., 2006; Ka-
taki et al., 2019). The identification of this parasite is done by sev-
eral methods, namely the optical microscope, culture or molecular
approaches such as PCR (Polymerase Chain Reaction). The com-
parisons made between these detection methods globally confirm
the greater sensitivity of molecular methods compared to micro-
scopic and cultural methods (Devera et al., 1998; Dogruman-Al
et al., 2010). The transmission of this parasite takes place mainly
by the fecal-oral route after direct or indirect contact with objects,
food products (fruits, vegetables, salads) raw badly washed, or
drinking water polluted by human or animal excreta. In addition to
these risk factors for transmission of blastocystosis, there are food
handlers and especially cooks with poor personal hygiene who
can be potential sources of propagation of this protozoan (Idowu
& Rowland, 2006; Khurana et al., 2010). The risk in this popula-
tion lies in the absence of digestive symptoms, in some cases,
causing carriers to be asymptomatic (Takizawa et al., 2009). The
importance of this group of workers in the transmission of parasitic
diseases has been emphasized by several authors (Sahlemariam
& Mekete, 2001; Dagnew et al., 2012). The absence of gastroin-
testinal symptoms in some cases can be explained by the pres-
ence of virulent and other non-virulent species of this protozoan
(Fouad et al., 2011). The pathogenicity of Blastocystis sp. remains
controversial (Tan et al., 2010; Osman et al., 2016), although nu-
merous clinical and epidemiological studies have examined this
pathogenic potential in symptomatic and asymptomatic patients
(Patino et al., 2008; Tan, 2008). In this context, some authors have
shown the association of this microorganism with certain gastroin-
testinal symptoms, particularly in immunocompromised people, in
particular, patients with AIDS and cancer because it is considered
to be an opportunistic pathogen (Patino et al., 2008) and they have
suggested a positive correlation between the density of the para-
site and the symptoms (Kaya et al., 2007), on the other hand, other
authors have denied this pathogenic significance and confirmed
that Blastocystis sp. is a commensal organism (Sun et al., 1989;
Kataki et al., 2019). Other recent genetic analyzes have shown the
existence of 10 different subtypes (STs) of Blastocystis in humans
noted ST1 to ST9 and ST12 (Maloney et al., 2021), this genetic



diversity, supports the hypothesis of virulent species and non-viru-
lent of this protozoan (Wakid et al., 2022).

Conclusion

Our results showed a high prevalence of protozoan parasites in
the kitchen staff population, Blastocystis sp. being the most pre-
dominant protozoan. These asymptomatic cooks will be consid-
ered as reservoirs of parasites, in particular of Blastocystis sp. and
therefore a source of infection in those around them. Consequent-
ly, preventive measures are essential, in particular by sensitizing
the populations by insisting on fecal hygiene, the good mainte-
nance of toilets, the proper treatment of water and food intended
for consumption, and the treatment of infected people in order to
fight effectively. against infestation by this protozoan in particular
and other parasites in general.

Recommendation

- Increase the study sample by recruiting food handlers from the
private and public sectors.

- Obtain information on the epidemiological, clinical and immu-
nological situation of each participant to study the risk factors for
infection with Blastocystis sp.

- Use other diagnostic methods, namely culture and PCR tech-
nique.

- Perform sequencing to understand the correlation between path-
ogenicity and the subtypes of this parasite.

Conflicts of Interests

The authors declare that they have no conflicts of interest in rela-
tion to this article.

Acknowledgements

The authors wish to thank all the personnel of the laboratory team
of Parasitology-Mycology Laboratory, Moulay Ismail Military Hos-
pital, Meknes who participated in this work.

References

Asaka-YawsoN, A., Sosu, S.Q., Kwapzokpul, P.K., Ararl, S., ADUSEI,
S., Arko-MEensaH, J. (2020): Prevalence and determinants of intes-
tinal parasitic infections among pregnant women receiving antena-
tal care in Kasoa Polyclinic, Ghana. J Environ Public Health, 2020:
9315025. DOI: 10.1155/2020/9315025

AspA, |.B., Maatous, N., RompHANE, R.B., BoureLmi, N., ZALLEGUA,
N., Aoun, K., ViscoaLiosi, E., BouraTeiNg, A. (2017): Prevalence
and subtype identification of Blastocystis sp. in healthy individuals
in the Tunis area, Tunisia. Am J Trop Med Hyg, 96(1): 202. DOI:
10.4269/ajtmh.16-0506

AkLILY, A., KaHasg, D., DessALEGN, M., TAREKEGN, N., GEBREMICHAEL,
S., Zenesg, S., Desta, K., MuLuceta, G., Mamuve, Y., Mava, M.
(2015): Prevalence of intestinal parasites, salmonella and shigella
among apparently health food handlers of Addis Ababa University
student’s cafeteria, Addis Ababa, Ethiopia. BMC Res Notes, 8(1):
1-6.DOI: 10.1186/s13104-014-0967-x

Aoun, K., SiaLa, E., Bourataing, A. (1999): Conduite a adopter en
présence de protozoaires intestinaux non pathogénes [Behavior
to adopt in the presence of non-pathogenic intestinal protozoal.
Maghreb Med, 338: 21 — 22 (In French)

BELKESSA, S., AT-SaLEm, E., Laatamna, A., Houall, K., SONKSEN, U.
W., Hakem, A., BoucHeNg, Z., GHami, F., STensvolp, C.R. (2021):
Prevalence and clinical manifestations of Giardia intestinalis and
other intestinal parasites in children and adults in Algeria. Am J
Trop Med Hyg, 104(3): 910. DOI: 10.4269/ajtmh.20-0187

DacNew, M., TIRUNEH, M., Moges, F., TekesTe, Z. (2012): Survey of
nasal carriage of Staphylococcus aureus and intestinal parasites
among food handlers working at Gondar University, Northwest
Ethiopia. BMC Public Health, 12(1): 1 - 7. DOI: 10.1186/1471-
2458-12-837

Damen, J.G., Cosmas, E.U., Damak, C.A. (2015): Intestinal parasi-
tosis among food handlers in Jos, north Central Nigeria. Dan. J.
Agric. Anim. Sci., 34: 53 - 58

Davio, E.B., GuiMARAES, S., D OLIVEIRA, A.P., DE OLIVEIRA-SEQUEIRA,
T.C.G., BittencourT, G.N., NarDI, A.R. M., RiBoLLA, P.E.M., FrANCO,
R.M.B., Branco, N., Tosini, F., BeELLA, A., Pozio, E., Caccio, S.M.
(2015): Molecular characterization of intestinal protozoa in two
poor communities in the State of S&o Paulo, Brazil. Parasit Vec-
fors, 8(1): 1-12. DOI: 10.1186/s13071-015-0714-8

Devera, R., Azacon, B., Jivenez, M. (1998): Blastocystis hominis in
patients at the Ruiz y Paez University hospital from Beolivar City,
Venezuela. Bol Chil Parasitol, 53(3-4): 65 — 70 (In Spanish)
Dickinson, E.C., CoHen, M.A., ScHLENKER, M.K. (2002): Dientam-
oeba fragilis: A significant pathogen. Am J Emerg Med, 20 (1):
62 —63. DOI: 10.1053/ajem.2002.29564

Docruman-AL, F., Sivsek, Z., Boorom, K., Exicl, E., SaHIN, M., TUNCER,
C., KUSTIMUR, S., ALTiNBAs, A. (2010): Comparison of methods for
detection of Blastocystis infection in routinely submitted stool sam-
ples, and also in IBS/IBD Patients in Ankara, Turkey. PLoS One,
5(11): e15484. DOI: 10.1371/journal.pone.0015484
Dupouy-CameT, J., YERA, H., Raccurrt, C. (2000): Classification et
mode de transmission des parasites [Classification and mode of
transmission of parasites]. Encycl Med Chir, 25(3): 1 - 11. DOI:
10.1016/S1166-8598(08)49461-9 (In French)

EL MouTaaLLK BiLLan, A., (2019): Microbiote a Blastocystis hominis:
Expérience du service de parasitologie de I'H6pital militaire Avi-
cenne de Marrakech [Blastocystis hominis microbiota: Experience
of the parasitology department of the Avicenna military hospital
in Marrakech]. PhD thesis, Marrakech: Faculty of Medicine and
Pharmacy of Marrakech. (In French)

EL Sarapl, D., Gaaves, L., MeLoni, D., Cian, A., POIRIER, P., WAWRZYNIAK,
., DELBAC, F., DaBBOUSSI, F., DELHAES, L., SECK, M., HAMZE, M., RIVEAU,

41



G., ViscoaLios, E. (2014): Children of Senegal River Basin show
the highest prevalence of Blastocystis sp. ever observed world-
wide. BMC Infect Dis, 14(1): 164. DOI: 10.1186/1471-2334-14-164
Fariy, F.M. (2011): A study on Blastocystis hominis in food-han-
dlers : diagnosis and potential pathogenicity. J Egypt Soc Parasi-
fol, 41 (2): 433 - 453

Fouap, S.A., Basyoni, M.M., FaHmy, R.A., Kosaisi, M.H., (2011): The
pathogenic role of different Blastocystis hominis genotypes isolat-
ed from patients with irritable bowel syndrome. Arab J Gastroen-
terol, 12(4): 194 — 200. DOI: 10.1016/j.ajg.2011.11.005

GezereoN, D., Asay, M., TETEMKE, D., ZELALEM, H., TEKLAY, H., BARAKI,
Z., MeoHi, G. (2017): Prevalence and factors associated with in-
testinal parasites among food handlers of food and drinking estab-
lishments in Aksum Town, Northern Ethiopia. BMC Public Health,
17(1): 1-9. DOI:10.1186/512889-017-4831-5

GHosH, A., MisHrA, P. P., SHARMA, V. P. (2014): Prevalence of Par-
asitic Infestations amongst the Food Handlers in a City of North
Eastern Region of India. Natl J Integr Res Med, 5(2): 15— 18
Gizaw, Z., GesreHiwoT, M., Teka, Z. (2014): Food safety knowledge,
attitude and associated factors of food handlers working in sub-
standard food establishments in Gondar Town, Northwest Ethiopia,
2013. Int J Med Health Sci Res, 1: 37 — 49. DOI: 10.19070/2326-
3350-1400027

Haouas, N., AtHaraz, T., AL RasHeepl, A. O., Zreiq, R., ALGAHTANI, F.
(2021). Intestinal parasitic infection among foreign housemaids in
northwestern Saudi Arabia: A cross-sectional study. Parasitol Int,
80: 102208. DOI: 10.1016/j.parint.2020.102208

HavasHi, M., INavori, M., Goto, K., Akivama, T., Fuaita, K., IKEDA, |.,
Fusisawa, T., TakarasHl, H., YoneDA, M., HARA, K., ABE, Y., KIRIKOSHI,
H., KusoTa, K., Saito, S., Ueno, N., Nakauma, A., Hamapa, Y., Fuku-
Tom, H., Satsuta, H., (2006): Blastocystis hominis infection in pa-
tient with regular dialysis. J Gastroenterol, 41(6): 605 — 606. DOI:
10.1007/s00535-006-1817-y

Hevpari-Henaami, M., Hamepl, Y., Nasari-AsL, M., SHARIFI-SARASIABI, K.
(2018): Prevalence of intestinal parasites in food handlers of Ban-
dar Abbas, Southern Iran. Iran J Public Health, 47(1): 111 - 118.
Ipowu, O.A., Rowtanp, S.A. (2006): Oral fecal parasites and per-
sonal hygiene of food handlers in Abeokuta, Nigeria. Afr Health
Sci, 6(3): 160 — 164. DOI: 10.5555/aths.2006.6.3.160

INncaNl, R.N., FERRER, E., Hoek, D., Ramak, R., ROELFSEMA, J., MuGH-
IN-GRas, L., Korteek, T., PiNELLI, E. (2017): Diagnosis of intesti-
nal parasites in a rural community of Venezuela: Advantages and
disadvantages of using microscopy or RT-PCR. Acta Trop, 167:
64 —70. DOI: 10.1016/j.actatropica.2016.12.014

KaLte, K., JMeL, A., BELHADY, S., BousseN, N., CHAKER, E. (1999):
Etat actuel du parasitisme intestinal infantile dans la région de Tu-
nis [Current state of the childhood intestinal parasitism in Tunis].
Revue maghrébine de pédiatrie, 9(4): 175 - 179 (In French)
Katak, M.M., Tavaia, M., Beromvanp, M. (2019): High-
er prevalence of Blastocystis hominis in healthy individu-
als than patients with gastrointestinal symptoms from Ahvaz,
southwestern Iran. Comp Immunol Microbiol Infect Dis, 65:

42

160 — 164. DOI: 10.1016/j.cimid.2019.05.018

Kava, S., CETN, E.S., Aribocan, B.C., Arikan, S., Demircl, M. (2007):
Pathogenicity of Blastocystis hominis, a clinical reevaluation. Tur-
kiye Parazitol Derg, 31(3): 184 — 187

KHURANA, S., TANEJA, N., THAPAR, R., SHARMA, M., MaLLA, N. (2010):
Intestinal bacterial and parasitic infections among food handlers in
a tertiary care hospital of North India. Trop Gastroenterol, 29(4):
207 - 209

LHotskA, Z., JrkU, M., HiozkovA, O., Brozova, K., JIRsova, D.,
StensvoLp, C.R., Kotisko, M., JIrkU Pomassikova, K. (2020): A study
on the prevalence and subtype diversity of the intestinal protist
Blastocystis sp. in a gut-healthy human population in the Czech
Republic. Front Cell Infect Microbiol, 10: 544335. DOI: 10.3389/
fcimb.2020.544335

Maas, L., Dorico-ZeTsma, J.W., De Groor, C.J., Bouter, S., PLoTZ,
F.B., Van Ewuk, B.E. (2014): Detection of intestinal protozoa
in paediatric patients with gastrointestinal symptoms by multi-
plex real-time PCR. Clin Microbiol Infect, 20(6): 545 — 550. DOI;
10.1111/1469-0691.12386

MaLonEY, J.G., SanTIN, M. (2021): Mind the gap: New full-length se-
quences of Blastocystis subtypes generated via Oxford Nanopore
Minion sequencing allow for comparisons between full-length and
partial sequences of the small subunit of the ribosomal RNA gene.
Microorganisms, 9(5): 997. DOI: 10.3390/microorganisms9050997
Mariam, S.T., Roma, B., Sorsa, S., Worku, S., Erosig, L. (2000):
Assessment of sanitary and hygienic status of catering establish-
ments of Awassa Town. Ethiop J Health Dev, 14(1): 91 - 98. DOI:
10.4314/ejhd.v14i1.9934

Masmoupl, M.L., DerouicHe, M.H., SatLami, H., KHARRAT, K., GHOR-
BEL, H., DuEmaa, A., JuAL Hammami, K., Avapi, A. (2012): Dépistage
de parasitisme intestinal chez les manipulateurs de denrées ali-
mentaires: a propos de 417 cas [Screening for intestinal parasit-
ism in food handlers: about 417 cases]. Arch Mal Prof Enviro, 73:
425 —442.DOI: 10.1016/j.admp.2012.03.424 (In French)
Monamep, R.T., EL-Bati, M.A., MoHameD, A.A., AebeL-FaTaH, M.A.,
EL-Maiky, M.A., Mowary, N.M., ZacHLooL, D.A., Bakri, R.A., AL-
HarTH, S.A. (2017): Subtyping of Blastocystis sp. isolated from
symptomatic and asymptomatic individuals in Makkah, Saudi Ara-
bia. Parasit Vectors, 10(1): 1-7.DOI: 10.1186/s13071-017-2114-8
Nivrl, L.F., (1993): Evidence of an epidemic of Blastocystis hominis
infections in preschool children in northern Jordan. J Clin Microbi-
ol, 31(10): 2706 — 2708. DOI: 10.1128/jcm.31.10.2706-2708.1993
Ocren, J., Van Neuven, S., Nouven, M.K., DiMeera, J., MATUSSEK,
A., (2016): Prevalence of Dientamoeba fragilis, Giardia duode-
nalis, Entamoeba histolyticaldispar, and Cryptosporidium spp. in
Da Nang, Vietnam, detected by a multiplex real-time PCR. AP-
MIS, 124(6): 529 — 533. DOI: 10.1111/apm.12535

Osman, M., EL Sarapi, D., Cian, A., BEnaMRrouz, S., NourrissoN, C.,
PoRrER, P., Perera, B., RazakanbrainiBe, R., PiNoN, A., LAMBERT,
C., WawrzyNIaK, |., DasBoussl, F., DeLsac, F., FAVENNEC, L., HAMZE,
M., ViscoaLiosl, E., CerTap, G. (2016): Prevalence and risk factors
for intestinal protozoan infections with Cryptosporidium, Giardia,



Blastocystis and Dientamoeba among schoolchildren in Tripoli,
Lebanon. PLoS Negl Trop Dis, 10(3): e0004496. DOI: 10.1371/
journal.pntd.0004496

Patino, W.D., Cavuori, D., Banerieg, S.K., SwarTz, K., AsHraq, R.,
GokasLan, T. (2008): Cytologic diagnosis of Blastocystis hominis in
peritoneal fluid: a case report. Acta Cytol, 52(6): 718 — 720. DOI:
10.1159/000325628

PiuBeLLl, C., SOLEYMANPOOR, H., GiorLI, G., FORMENTI, F., BUONFRATE,
D., Bisorri, Z., PeranDIN, F. (2019): Blastocystis prevalence and
subtypes in autochthonous and immigrant patients in a referral
centre for parasitic infections in Italy. PLoS One, 14(1): €0210171.
DOI: 10.1371/journal.pone.0210171

Preiss, U., Ockerr, G., BRomME, S., OT10, A. (1990): Dientamoeba
fragilis infection, a cause of gastrointestinal symptoms in childhood.
Klin Padiatr, 202(2): 120 - 123. DOI: 10.1055/s-2007-1025503
Ranmouni, H. (2010): Portage parasitaire intestinal chez I'enfant
scolarisé dans la wilaya de Rabat Salé [Intestinal parasite carriage
in school children in the district of Rabat Salé]. PhD thesis, Rabat:
Faculty of Medicine and Pharmacy of Rabat. (In French)

Ravan, H.Z., Isvai, O.A., EL Gavar, E.K. (2007): Prevalence and
clinical features of Dientamoeba fragilis infections in patients sus-
pected to have intestinal parasitic infection. J Egypt Soc Parasitol,
37:599 - 608

RousseT, J.J., ALLOUCHE, S., PANSERRIEU, S., BRrissoN, G., ReeL, N.
(1993): Hygiene parasitologique et personnel d’alimentation en
France [Parasitological hygiene and food staff in France]. Micro-
biol Hyg Alim, 5(14), 15 - 18 (In French)

SAHLEMARIAM, Z., MexeTE, G. (2001): Examination of fingernail con-
tents and stool for ova, cyst and larva of intestinal parasites from
food handlers working in student cafeterias in three Higher Institu-
tions in Jimma. Ethiop J Health Sci, 11(2)

Sesaa, S., BenNkg, J.M., Baroupl, D., Hakewm, A., Asu-Mabi, M.A.
(2021). Prevalence and risk factors of intestinal protozoan infec-
tion among symptomatic and asymptomatic populations in rural
and urban areas of southern Algeria. BMC Infect Dis, 21(1): 1-11.
DOI: 10.1186/s12879-021-06615-5

SuN, T., Katz, S., TANENBAUM, B., ScHENONE, C. (1989): Questionable
clinical significance of Blastocystis hominis infection. Am J Gastro-
enterol, 84(12): 1543 — 1547

Stensvolp, C. R., Cark, C. G. (2020). Pre-empting Pandora’s
box: Blastocystis subtypes revisited. Trends Parasitol, 36(3):
229 -232.DOI: 10.1016/}.pt.2019.12.009

Takizawa, M.D.G.M.H., FaLaviena, D.L. M., Gomes, M.L. (2009):
Enteroparasitosis and their ethnographic relationship to food han-
dlers in a tourist and economic center in Parana, Southern Bra-

zil. Rev Inst Med Trop Sao Paulo, 51: 31 — 35. DOI: 1590/S0036-
46652009000100006

Tan, K. S. (2008): New insights on classification, identification, and
clinical relevance of Blastocystis spp. Clin Microbiol Rev, 21(4):
639 - 665. DOI: 10.1128/CMR.00022-08

Tan, K.S., Mirza, H., Teo, J.D., Wu, B., MacAry, P.A. (2010): Cur-
rent views on the clinical relevance of Blastocystis spp. Curr Infect
Dis Rep, 12(1): 28 - 35. DOI: 10.1007/s11908-009-0073-8
Temmourl, A., KEsHavARZ, H., MoHTasesl, S., Goubarzl, F., MikaelLl, F.,
BorJiaN, A., ALLaHMORADI, M., YiMAm, Y., AFsHAR, M.J.A. (2021). In-
testinal parasites among food handlers in Iran: a systematic review
and meta-analysis. Food Microbiol, 95: 103703. DOI: 10.1016/j.
fm.2020.103703

THaTHAISONG, U., WORAPONG, J., MUNGTHIN, M., TAN-ARIYA, P., ViPUT-
TIGUL, K., SupaTis, A., Noonal, A., LEELAYOOVA, S. (2003): Blastocys-
tis isolates from a pig and a horse are closely related to Blasto-
cystis hominis. J Clin Microbiol, 41(3): 967 — 975. DOI: 10.1128/
JCM.41.3.967-975.2003

Tseca, E., Napew, F.T. (1972): The threat of ameobic cyst carriers
among hospital food handlers. Ethio Med J, 10: 43 — 53

Tuwy, B., Tave, S., AwsaLy, E. (2014): Prevalence and its associ-
ated risk factors of intestinal parasitic infections among Yadot pri-
mary school children of South Eastern Ethiopia: a cross-sectional
study. BMC Res Notes, 7(1): 848. DOI: 10.1186/1756-0500-7-848
Wakip, M.H., AtbanHasi, W.T., Atsutami, M.N., EL-Kabv, A.M.,
ELstasrawy, H.A. (2022): Identification and Genetic Characteriza-
tion of Blastocystis Species in Patients from Makkah, Saudi Ara-
bia. Infect Drug Resist, 15: 491. DOI: 10.2147/IDR.S347220
Wong, K.H., Ne, G.C., LiN, R.T., YosHikawa, H., TavLor, M.B., Tan,
K.S. (2008): Predominance of subtype 3 among Blastocystis iso-
lates from a major hospital in Singapore. Parasitol Res, 102(4):
663 - 670. DOI: 10.1007/s00436-007-0808-0

WoNGTHAMARIN, K., SIRICHAROENTHAI, P., OUNTAVEESAP, M., TANGPAN-
ITANSOOK, S., MunGTHIN, M., Pivaray, P. (2018): Drinking unboiled
water is the risk factor of Blastocystis incidence in rural community
Thailand from prospective cohort study. Rev Epidemiol Sante Pub-
lique, 66: S391. DOI: 10.1016/j.respe.2018.05.422

YAaICHAROEN, R., NGRENNGARMLERT, W., WonGJNDANON, N., Sripo-
CHANG, S., KIATFUENGF00, R. (2006): Infection of Blastocystis homi-
nis in primary schoolchildren from Nakhon Pathom province, Thai-
land. Trop Biomed, 23(1): 117 - 122

Yakoos, J., Jarrl, W., Bec, M.A., Assas, Z., Naz, S., Istam, M., KHAN,
R. (2010): Blastocystis hominis and Dientamoeba fragilis in pa-
tients fulfilling irritable bowel syndrome criteria. Parasitol Res,
107(3): 679 - 684. DOI: 10.1007/s00436-010-1918-7

43



