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Background: Blastocystis is one of the most common pathogens of the human intestine, caused by an emerging
parasite, which can lead to severe symptoms and even death in immunocompromised patients. We aimed to
determine the global prevalence of Blastocystosis infection in people with immunodeficiency. A systematic
literature search was conducted on Web of Science, Scopus, Google scholar, Science Direct and MEDLINE da-
tabases to select all observational studies reporting the prevalence of Blastocystosis infection in Worldwide,
based on different diagnostic methods in immunocompromised patients of any age and published from inception
to February 2019. Pooled estimates and 95% confidence intervals (95% ClIs) were calculated using random ef-
fects models and in addition, the I? statistic was calculated. The geographic distribution of studies was evaluated
and the diagnosis of Blastocystis was compared by various techniques. Electronic databases were reviewed for
Blastocystosis infection in HIV/AIDS, cancer and other immunocompromised patients, and meta-analyses were
conducted to calculate the overall estimated prevalence. Total68 eligible studies were included. The estimated
pooled prevalence rate of Blastocystosis infection in immunocompromised patients was overall 10% (95% CI,
7-13%; ? 96.04%) (P < 0.001), of whom 21% [18-25] were in Australia, 12% [4-24] in America, 11% [6-17] in
Europe and 10% [5-15], 7% [3-13] in Asia and Africa, respectively. It was calculated that the estimated pooled
prevalence rate of Blastocystosis infection in immunocompromised patients was overall 10% and the prevalence
estimates ranged from 0.44 to 72.39. Also, overall the prevalence of parasites co-infection in immunocompro-
mised patients was detected as 0.024%. Our finding showed that immunocompromised people show a high
prevalence of Blastocystosis infection compared to the control population. Adequate information on the prev-
alence rate is still missing from many countries. However, current information underscore that Blastocystis should
not be neglected.

worldwide [3,4]. The prevalence of Blastocystosis infection varied
widely from country to country, according to hygienic-sanitary condi-
tions. Early reports from industrialized countries gave lower levels of

1. Introduction

Blastocystis is a common enteric protist, belonging to the phylum
Stramenopila, a complex and heterogeneous evolutionary assemblage of
heterotrophic and photosynthetic species [1,2].It is an intestinal para-
site (obligate anaerobic) that largely affects humans and animals such as
mammals, reptiles, amphibians, birds and insects [1-3]. Blastocystis is
considered as a ubiquitous protozoan with worldwide distribution,
being the most prevalent parasitic eukaryote, colonizing in the human
intestinal tract and infecting approximately 1 billion individuals

prevalence of Blastocystis (approximately 5%), while it seemed more
prevalent (approximately 30-60%) in developing countries [5,6].
Blastocystis is a highly polymorphic organism, with four major forms
such as cyst, granular, vacuolar and ameboid [7]. Although the life cycle
of Blastocystis has not yet been fully described due to its biological
complexity, but its transmission via the fecal-oral has been confirmed
and most researchers believe that the transmission is via the,
person-to-person, animal-person (zoonotic transmission was reported in
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Abbreviations

AIDS Acquired immune deficiency syndrome
CI Confidence interval

HIV Human immunodeficiency virus

OR Odds ratio

PRISMA Preferred reporting items for systematic reviews and
meta-analyses.

animals such as pig, horse and chicken) [8,9], or directly, through the
ingestion of contaminated water or food [11].

Molecular genetic studies have been recently demonstrated that the
existence of seventeen subtypes (STs) (ST1-ST17) from different
mammalian, amphibian and avian species based on gene coding of
partial small subunit ribosomal RNA of the Blastocystis. Amongst the
founded subtypes in human (ST1-ST9 and ST12) [12,13], the ST1, ST2,
ST3 and ST4 are common prevalent subtypes with frequency of around
90% [14,15].

Despite being firstly described more than 100 years ago, the role of
Blastocystis as a pathogen in humans is still the focus of intense debate;
several studies suggest an association between the Blastocystosis infec-
tion and gastrointestinal (GI) symptoms such as diarrhea, nausea,
vomiting, abdominal pain, fatigue, flatulence, inflammatory bowel dis-
ease (IBD), and irritable bowel syndrome (IBS) [18,19], or less common
dermatological complaints [20,21].

The prevalence of Blastocystosis infection may be affected by many
factors, such as different geographic locations, age of hosts, eating
habits, immune status of hosts and different conditions, such as HIV,
hematological malignancies, use of immunosuppressive drugs, solid
organ transplants at risk of opportunistic infections; this parasite is
frequently found in immunocompromised patients, showing a charac-
teristic of opportunistic pathogenesis [22].

Although several studies have been carried out in several countries
but a comprehensive review study has yet done on worldwide preva-
lence of Blastocystis in immunocompromised patients. It is necessary to
obtain information concerning the prevalence of Blastocystosis infection
in special populations worldwide and understanding its epidemiology is
central in formulating effective control strategies against Blastocystis.
We conducted a systematic review and meta-analysis to assess the
worldwide prevalence of Blastocystosis infection in immunocompro-
mised individuals.

2. Methods
2.1. Data sources and search strategy

We performed this systematic review and meta-analysis in accor-
dance with the Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines [23]. We searched the Web of Sci-
ence, Scopus, Google scholar, Science Direct and MEDLINE databases
(which are the most important international databases and index the
most articles in the world, were used for search) from the inception to
the February 2019 solely in English, looking for all articles that possibly
contained data for Blastocystis prevalence in immunocompromised
populations. Relevant keywords including “Blastocystis”, “Blastocystis
hominis”, “Immunocompromised Host”, “Immunodeficiency”, “Immuno-
logic Deficiency Syndromes”, “HIV”, “AIDS”, “Neoplasms”, “cancer”,
“Tumor”, “Malignancy”, “carcinoma”, “transplantation”, “organ grafting”
extracted from the Mesh thesaurus were used to search the databases. In
order to retrieve the maximum number of relevant articles, the appro-
priate strategies (Table 1) were used in each databases so that keywords
are searched in important fields of documents such as title, abstract, and
keywords. We systematically searched the scientific literatures for
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Table 1
Search strategies in this study.

Databases Search strategy

("Blastocystis hominis"[MeSH Major Topic] OR "Blastocystis
hominis" [MeSH] OR "Blastocystis hominis" [tiab]) AND
(Immunocompromised Host [mesh] OR
Immunocompromised [ti] OR immunologic deficiency
syndromes [mesh] OR Immunodeficiency [tiab] OR
immunodeficiency [tiab] OR HIV [mesh] OR HIV [tiab] OR
AIDS [mesh] OR AIDS [tiab] OR Neoplasms [mesh] OR
cancer [tiab] OR Tumor [tiab] OR Malignancy [tiab] OR
carcinoma [mesh] or transplantation [mesh] OR
transplantation [tiab] OR organ transplantation [mesh] OR
organ grafting [tiab]) AND prevalence
(INDEXTERMS("Blastocystis hominis") OR TITLE-ABS-KEY
("Blastocystis hominis") OR TITLE-ABS-KEY (Blastocystis
hominis)) AND (INDEXTERMS(immunologic deficiency
syndromes) OR TITLE-ABS-KEY (immunodeficiency) OR
INDEXTERMS(Immunocompromised Host) OR TITLE-ABS-
KEY (Immunocompromised) OR INDEXTERMS (AIDS) OR
TITLE-ABS-KEY (AIDS) OR INDEXTERMS (HIV) OR TITLE-
ABS-KEY (HIV) OR INDEXTERMS (Neoplasms) OR TITLE-
ABS-KEY (cancer) OR TITLE-ABS-KEY (Tumor) OR TITLE-
ABS-KEY (Malignancy) OR INDEXTERMS (carcinoma) OR
TITLE-ABS-KEY (carcinoma) OR INDEXTERMS
(transplantation) OR TITLE-ABS-KEY (transplantation) OR
INDEXTERMS (organ transplantation) OR TITLE-ABS-KEY
(organ grafting)) AND TITLE-ABS-KEY (prevalence)

(TS= Blastocystis hominis OR TS= Blastocystis hominis) AND
(TS= immunologic deficiency syndromes OR TI=
immunodeficiency OR TS= Immunocompromised Host OR
TI= Immunocompromised OR TS= AIDS OR TI= AIDS OR
TS= HIV OR TI= HIV OR TS= Neoplasms OR TI= cancer OR
TI= Tumor OR TI= Malignancy OR TS= carcinoma OR TI=
carcinoma OR TS= transplantation OR TI= transplantation
OR TS= organ transplantation OR TI= organ grafting) AND
TS= prevalence

Using related keywords

MEDLINE

Scopus and
ScienceDirect

Web of Science

Google Scholar

cross-sectional and case control studies that reported Blastocystosis
infection in immunocompromised individuals (The protocol was regis-
tered in Ilam University of Medical Sciences No0.98/2006/48).

2.2. Inclusion and exclusion criteria

Inclusion criteria for our systematic review and meta-analysis were:
[1]: Peer-reviewed short reports and original articles, without
geographical and time limitations [2], Studies conducted until February
2019 [3], Studies published with full text or abstracts in English [4],
Having total sample size and positive samples in Blastocystis [5],
Focused on HIV patients, cancer patients, transplant patients and other
immunocompromised patients of all ages, regardless of their sex and
occupation. Articles with incomplete information, no full text or ab-
stracts available, repeated studies, reviews, case reported, or animal
studies were also excluded, because this may limit the analyses. To get
25 articles for which neither the abstract nor the full text was available,
we sent an email to the majority of authors, but unfortunately we
received no response, so these articles were excluded from the study.

The titles and abstracts of all identified articles were screened by (M
A, Kh Z), and irrelevant items were excluded. Abstracts and then the full
text of the remaining articles were reviewed by (A MR, T H and Kh Z) to
find relevant studies that met the inclusion criteria. Reasons for exclu-
sion were recorded for all full-text articles, and data were extracted
independently and in duplicate for all studies by M A, Kh Z and T H.

2.3. Data extraction

The data extraction was done by two investigators independently
using Microsoft Excel with a tool. This tool included information on the
author, year of publication, country of the study, sample size, positive
samples in Blastocystosis, type of immunodeficiency disease, diagnostic
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methods, and demographic characteristics. Two reviewers indepen-
dently extracted the data. The third author was considered as arbiter to
resolve any disagreements.

To allocate each paper a score, checklists of validated quality
assessment for case-control and cross-sectional studies were used. The
Newcastle-Ottawa scale criteria of selection, comparability, and
outcome were used to evaluate all studies included in the meta-analysis.
Disagreements among reviewers were resolved by discussion until
consensus was reached. The agreement between the researchers was
assessed using the Cohen’s kappa coefficient (agreement; 98.56% -
Cohen’s kappa: 0.92).Studies with a score of<20% were considered
‘very low’, 20-40% as ‘low’, 40-70% as ‘medium’, and >70% as ‘high’
quality (Appendix 1) [24].

2.4. Statistical analysis

A procedure for pooling the prevalence, in the meta-analysis of
multiple studies was used and the results were displayed in a forest plot.
The heterogeneity of results across studies was checked, using Cochran’s
Q test (with P-value <0.10), and quantified by the 12 statistic. The I?
statistic greater than 75% was considered as high heterogeneity. Tau-
squared (t? or Tau?) statistic was used to explore the between-study
variance. Potential influences on the prevalence estimates were inves-
tigated, using the subgroup analyses, including different immunocom-
promised populations and geographical distribution.

In order to determine a weighted-mean estimate of prevalence for
the indicated infections across included studies, the prevalence esti-
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using Stata software version 14 (Stata Corp, College Station, TX, USA).
3. Results

Our searches identified 621 records on Feb 2019. After removal of
duplicates and initial screening, we reviewed 351 papers in full.
Total270 potentially relevant articles were excluded from this meta-
analysis after consulting the full text. Finally, total 68 studies were
used for quantitative and meta-analysis (Fig. 1).We assessed the overall
quality of the data in the included studies to be low to moderate
(Appendix).

Characteristics of the included studies are listed in Table 2. In brief,
45 articles investigated the Blastocystosis infection in HIV/AIDS pa-
tients, 8 publications described the Blastocystosis infection in cancer
patients, whereas 15 studies reported the Blastocystosis infection in
others immunocompromised patients (e.g., transplant and hemodialysis
patients). In terms of epidemiological design, 37 of the included publi-
cations were cross-sectional and 31 were case-control studies (Table 2).
The oldest study was conducted in 1986(25).

In this study, the overall population consisted of 7642 HIV infected
patients and 4227 control population. The estimated pooled prevalence
of Blastocystosis infection in the HIV/AIDS patients and control popu-
lation was 9% (95% CI, 5-13%) and 6% (95%CI, 1-14%), respectively
(p<0.001). In ten studies, including 1415 cancer patients with infection
and 405 control population, the prevalence of Blastocystosis infection in
cancer patients and control was 9% (95% CI, 4-15%) and 6% (95% CI,
0-19%), respectively (p< 0.001). In 2013, the prevalence of Blasto-
cystosis infection in patients and control was 13% (95% CI, 8-18%) and

mates of each study were pooled, using a random-effects meta-analysis 8% (95% CI, 3-15%), respectively (p< 0.001), in other
model at a confidence level of 95%. All meta-analysis was performed,
§ Records identified through
§ database searching
= (n=621)
£
@
3
— Records duplicates removed
(n=270)
g
=
@
o
2 Records excluded
Reoo(r: iggqe)ened —»| based on tile andfor
abstract (n=160)
—J
Full-text articles Full-text articles
Z assessed for eligibility »| excluded, with reasons
s (n=191) (n=119)
5 40 case reports
= 29 review articles
25 cannot get abstract or
b Studies included in full text
qualitative synthesis 25 incomplete data
(n=7)
o
@
T
2 Studies included in
= quantitative synthesis
(meta-analysis)
(n=68)

Fig. 1. PRISMA flow diagram for the selection of included studies.
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Table 2

Characteristics of the included studies of Blastocystosis infection in people immunocompromised.
Author Year Sample Infected Diarrhea Male Female Average age Quality score

Sample

Henry et al. [25] 1986 46 1 46 - - - Low
Chacin-Bonilla et al. [26] 1992 27 3 27 21 6 46 Low
Cotte et al. [27] 1993 81 11 81 - - - Low
Albrecht et al. [28] 1995 262 99 262 - - - Low
Ok et al. [29] 1997 111 32 30 - - 34 High
Escobedo et al. [30] 1997 67 17 42 51 16 - High
Mathewson et al. [31] 1998 83 2 83 - - - High
Germani et al. [32] 1998 430 4 290 - - - High
Amenta et al. [33] 1999 48 3 48 21 26 28 High
Brandonisio et al. [34] 1999 154 16 65 109 45 - High
Cimerman et al. [35] 1999 200 1 45 139 61 34 High
Koltas et al. [36] 1999 413 32 - - - - High
Menon et al. [37] 1999 50 2 12 31 19 5 Low
Tasova et al. [38] 2000 406 25 33 228 178 - High
Prasad et al. [39] 2000 59 2 26 - - - Low
Gassama et al. [40] 2001 594 5 279 364 230 38 High
Lebbad et al. [41] 2001 52 8 52 26 26 35 High
Mohandas et al. [42] 2002 120 4 53 - - - High
Flérez et al. [43] 2003 115 29 920 - - - Medium
Biiyiikbaba Boral et al. [44] 2004 38 1 23 - - - Medium
Zali et al. [45] 2004 206 9 28 203 3 - High
Oguntibeju et al. [46] 2006 90 4 34 50 40 3 High
Arslan et al. [47] 2007 95 4 94 55 40 33 High
Stark et al. [48] 2007 1868 315 - 1868 - - High
Chincha et al. [49] 2009 2056 727 - 1138 926 50 High
Eksi et al. [50] 2009 219 1 89 115 104 53 High
Adamu et al. [51] 2009 200 3 75 110 90 41.5 High
Kurniawan et al. [52] 2009 268 194 268 253 15 30 High
Ramana et al. [53] 2009 452 2 - 223 229 40 Medium
Saksirisampant et al. [54] 2009 920 2 71 73 17 39.5 High
Viriyavejakul et al. [55] 2009 64 7 20 49 15 - High
Al-Magrine et al. [56] 2010 136 7 57 84 52 35.5 High
Idris et al. [57] 2010 42 23 42 18 24 33 High
Ramana et al. [58] 2010 452 13 110 223 229 - High
Berenji et al. [59] 2010 51 9 - 38 13 38 High
Alemu et al. [60] 2011 248 20 - 132 116 26 High
Poirier et al. [61] 2011 186 27 - 102 84 57 High
Noor et al. [62] 2012 140 51 82 82 58 40 High
Abdel-Hafeez et al. [63] 2012 450 30 450 - - - High
Al-Qobati et al. [64] 2012 206 10 - 115 91 14.17 Low
Amancio et al. [65] 2012 105 3 - 54 51 40.19 High
Sherchan et al. [66] 2012 146 9 78 61 85 325 High
Yosefi et al. [67] 2012 60 10 - 53 7 34 High
Zabolinejad et al. [68] 2013 89 5 15 53 36 7.5 High
Gil et al. [69] 2013 196 63 29 112 84 46.5 High
Gupta et al. [70] 2013 200 3 19 127 73 32 High
Roka et al. [71] 2013 333 17 50 82 251 35 High
Tian et al. [72] 2013 590 75 - 278 312 - High
Feyisayo Jegede et al. [73] 2014 155 3 20 83 72 32.5 High
Kumarasamy et al. [74] 2014 425 65 - - - - High
Mtapuri-Zinyowera et al. [75] 2014 113 3 30 34 79 44 Low
Pala et al. [76] 2014 201 11 201 131 70 - High
Barazesh et al. [77] 2015 88 8 34 46 42 - High
Khalil et al. [78] 2015 400 30 - 264 136 36 High
Omrani et al. [79] 2015 218 16 24 120 98 51 High
Rossen et al. [80] 2015 168 19 - 89 79 27 High
Anvari-Tafti et al. [81] 2016 220 2 - - - - High
Ghimire et al. [82] 2016 112 1 - 65 47 - High
Yadav et al. [83] 2016 88 2 30 55 33 22.5 High
Yersal et al. [84] 2016 232 25 39 79 153 61 High
Zhang et al. [85] 2017 381 27 110 220 161 56 High
Piranshahi et al. [86] 2017 286 51 - - - - High
Berenji et al. [87] 2017 142 4 82 60 42 High
Mohamed et al. [88] 2017 218 50 12 - - - High
Rasti et al. [89] 2017 385 11 - 170 215 - High
Bednarska et al. [90] 2018 283 3 - 121 164 - High
Jupsa-Mbiandou et al. [91] 2018 528 36 28 189 339 - High
Seid et al. [92] 2018 86 53 86 37 49 35 High

immunocompromised patients from 15 studies. The results are shown in the included studies were from 10 countries in Asia, 7 countries in

Figs. 2 and 3. Europe, 6 countries in America, 8 countries in Africa, and one country in

The identified studies were done in 32 countries distributed world- Australia.
wide. The regions were chosen based on the Global Burden of disease; The prevalence estimates of Blastocystosis infection ranged from
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Number o
Author Country infected/total number ES (95% CI) Weight
Abdel-Hafeez (2012) Egypt 20/200 —_—— 0.10 (0.07, 0.15) 152
Adamu (2009) Ethiopia 3/200 > . 0.01 (0.01, 0.04) 1.52
Al-Magrine (2010) SaudiArabia  7/136 ——L 0.05 (0.03, 0.10) 1.50
Al-Qobati (2012) Yemen 10/206 - 0.05 (0.03, 0.09) 152
Albrecht (1995) Gemany 99/262 1 o —a— 0.38 (0.32, 0.44) 153
Alemu (2011) Ethiopia 20/188 —— 0.11 (0.07, 0.16) 152
Amancio (2012) Brazil 3/105 b el | 0.03 (0.01, 0.08) 1.48
Amenta (1999) italy 3/.48 ——r— 0.06 (0.02,0.17) 138
Anvari-Tafti (2016) Iran 2/.73 - 0.03 (0.01, 0.09) 1.44
Arslan (2007) Turkey 1/.43 —-—— 0.02 (0.00, 0.12) 136
Barazesh (2015) Iran 8/.88 —_— 0.09 (0.05, 0.17) 1.46
Bednarska (2018) Poland 3/237 >— 1 0.01 (0.00, 0.04) 1.53
Berenji (2010) Iran 7/31 g 0.23 (0.11, 0.40) 1.30
Berenji (2017) Iran 3/.71 —— 0.04 (0.01,0.12) 1.44
Brandonisio (1999) Italy 16/154 —— 0.10 (0.06, 0.16) 1.51
Buyiikbaba Boral (2004) Turkey 1/.38 ———— 0.03 (0.00, 0.13) 134
Chacin-Bonilla (1992) Venezuela 3/.27 —_—————— 0.11 (0.04, 0.28) 1.26
Chincha (2009) Peru 82/334 1 — 0.25 (0.20, 0.29) 1.64
Cimerman (1999) Brazil 1/200 > 1 0.00 (0.00, 0.03) 1.62
Cotte (1993) France 11/.81 —_— 0.14 (0.08, 0.23) 1.45
Eksi (2009) Turkey 1115 >— 1 0.01 (0.00, 0.05) 1.49
Escobedo (1997) Cuba 17/67 1 —_—— 0.25 (0.16, 0.37) 1.43
Feyisayo Jegede (2014) Nigeria 3/105 - 0.03 (0.01, 0.08) 1.48
Flérez (2003) Colombia 29/115 1 —_—— 0.25 (0.18, 0.34) 1.49
Gassama (2001) Senegale 5/318 C o 0.02 (0.01, 0.04) 1.54
Gemani (1998) Africa 47244 o ! 0.02 (0.01, 0.04) 153
Ghimire (2016) Nepal 1112 o— 1 0.01 (0.00, 0.05) 1.48
Gil (2013) Brazil 27/110 | 1 —_— 0.25 (0.17, 0.33) 1.48
Gupta (2013) India 1/100 > — 1 0.01 (0.00, 0.05) 1.47
Henry (1986) Congo 1/46 ——— 0.02 (0.00, 0.11) 137
Idris (2010) Indonesia 23/42 1 - 0.55 (0.40, 0.69) 1.36
Jupsa-Mbiandou (2018) Cameroon 19/283 -7 0.07 (0.04, 0.10) 1.54
Khalil (2015) India 307400 e as 0.08 (0.05,0.11) 1.55
Koltas (1999) Turkey 32/413 - 0.08 (0.06, 0.11) 155
Kumarasamy (2014) Malaysia 43/204 ; —_— 0.21 (0.16, 0.27) 1.52
Kumiawan (2009) Indonesia 194/.268 =% 0.72(067,0.77) 1.63
Lebbad (2001) Sweden 3/.37 —_— 0.08 (0.03, 0.21) 1.33
Mathewson (1998) Texas 2/.83 > 0.02 (0.01, 0.08) 1.46
Menon (1999) Malaysia 2/.50 —— 0.04 (0.01,0.13) 1.39
Mohamed (2017) Saudi Arabia 38/138 I —_— 0.28 (021, 0.36) 1.50
Mohandas (2002) India 4/120 - 0.03 (0.01, 0.08) 1.49
Mtapuri-Zinyowera (2014) Zimbabwe 1729 — 0.03 (0.01,0.17) 1.28
Noor (2012) Bangladesh 31/70 ' —_— 0.44 (0.33, 0.56) 1.44
Oguntibeju (2006) Africa 2/.60 - 0.03 (0.01,0.11) 1.42
Ok (1997) Turkey 27/69 i B E— 0.39 (028, 0.51) 1.43
Omrani (2015) Iran 11/78 —_—— 0.14 (0.08, 0.24) 1.45
Pala (2014) Turkey 11/201 ——' 0.05 (0.03, 0.10) 1.52
Piranshahi (2017) Iran 51/286 I —— 0.18 (0.14, 0.23) 154
Poirier (2011) France 15/94 —_— 0.16 (0.10, 0.25) 1.47
Prasad (2000) India 2/.59 —— 0.03 (0.01,0.12) 1.41
Ramana (2009) India 2/452 < 1 0.00 (0.00, 0.02) 155
Ramana (2010) India 13/452 <> 1 0.03 (0.02, 0.05) 1.65
Rasti (2017) Iran 11/265 - 0.04 (0.02, 0.07) 153
Roka (2013) Ethiopia 16/273 -, 0.06 (0.04, 0.09) 1.53
Rossen (2015) Netherlands 13/45 1 —rrerereee——— 0.29 (0.18, 0.43) 1.37
Saksirisampant (2009) Thailand 2/.90 > 1 0.02 (0.01, 0.08) 1.46
Seid (2018) Ethiopia 53/86 ; ————@%——> 062 (051,0.71) 1.46
Sherchan (2012) Nepal 9/146 —’—I 0.06 (0.03,0.11) 1.50
Stark (2007) Australia 135/628 — 0.21 (0.18, 0.25) 1.56
Tasova (2000) Turkey 23/206 —to— 0.11 (0.08, 0.16) 1.52
Tian (2013) China 11/269 > | 0.04 (0.02, 0.07) 153
Viriyavejakul (2009) Thailand 7/.64 — 0.11 (0.05, 0.21) 1.42
Yadav (2016) India 2/.88 > | 0.02 (0.01, 0.08) 1.46
Yersal (2016) Turkey 25/232 — 0.11 (0.07, 0.15) 153
Yosefi (2012) Iran 10/.60 [ 0.17 (0.09, 0.28) 1.42
Zabolinejad (2013) Iran 5/.89 —— 0.06 (0.02,0.12) 1.46
Zali (2004) Iran 9/206 -, 0.04 (0.02, 0.08) 1.62
Zhang (2017) China 27/381 - 0.07 (0.05, 0.10) 1.54
Overall (12 = 96.04%, p = 0.00) <> 0.10 (0.07, 0.13) 100.00
'
I I I I I
0 10% 20% 30% 50% 70%
Prevalence

Fig. 2. Forest plot of Blastocystis infection prevalence in immunocompromised people.

0.44 to 72.39.

The estimated pooled prevalence of Blastocystosis infection in
immunocompromised people was overall 10% (95% CI, 7-13%), of
whom 10% [5-15] were in Asia, 11% [6-17] in Europe, 12% [4-24] in
America,7% [3-13] and 21% [18-25] in Africa and Australia, respec-
tively (Fig. 4). In Australia, information about Blastocystis was missing:
only one study was done in Australia.

The technique that led to the diagnosis of Blastocystis was described
in 9997 patients from 58 different articles. Blastocystis was detected in
8% (95% CI, 5-12%) of the samples by microscopy techniques, whereas
16% (95% CI, 12-20%) and 15% (95% CI, 7-25%) were positive by
culture and molecular methods, respectively (Table 3).

4. Discussion

Opportunistic infections are one of the major factors in mortality of
immunocompromised patients, and the clinical symptoms of the infec-
tion with Blastocystis were more severe in patients with immunodefi-
ciency. There is increasing evidence showing that Blastocystis may cause
opportunistic infections in immunocompromised populations, such as
cancer patients, transplant recipients and AIDS patients [93].

Parasitic infections remain as a principal reason of morbidity and
mortality in immunocompromised patients, with high prevalence

around the world. To date, most of the investigations in Blastocystis field
have aimed at explaining the impact and roles of this parasite in the
formation or progression of the disease. However, obscure and incon-
sistent results have eventuated from these researches. On the other
hand, as the immunocompromised and immune dysregulation disorders
are emerging, the importance of defining the relationship between
Blastocystosis infection prevalence and immunocompromised patients is
being highlighted more than ever.

The potency to effectively struggle parasitic infections requires an
active inflammatory response from host. There are not enough studies
about the immune response again Blastocystis, however, based on some
in vitro and in vivo investigations, cellular immune response and anti-
inflammatory cytokine production has been affected by Blastocystis
infection. Therefore, the prevalence of this parasite among immuno-
compromised patients such as cancer patients, transplant recipients and
AIDS patients is not unexpected. In all three mentionedimmunocom-
promised disorders, T cells responses is not strong enough. Cellular
immunity in patients receiving immunosuppressive drugs such as cor-
ticosteroids and in aggressive immunosuppressive transplant recipients
‘patients, acquired immunodeficiency, as well as cancer patients is
dysregulated, hence, these patients are expected to being high preva-
lence population with several opportunities’ infection as well as
Blastocystis.
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Number %

Author Country infectedtotal number ES (95% Cl) Weight
Others Immunocompromised patients J
Abdel-Hafeez (2012) gypt 20/200 —— 0.10 (0.07,0.15) 152
Arslan (2007) Turkey 1/.43 ~—— 0.02 (0.00,0.12) 1.36
Barazesh(§201 5) Iran 8/.88 —— 0.09 (0.05,0.17 1.46
Berenji (2017) Iran 371 —— 0.04 fo.m, 0,123 1.44
Gil (2013) Brazil 27/110 \ —_— e 0.25(0.17,033) 1.48
Idris (2010 Indonesia 23/42 - 0.55 E0.40, 0.693 1.36
Koltas (1999) Turkey 32/413 —o— 0.08 (0.06,0.11 1.55
Ok (1997) Turkey 27/69 ! _— 0.39(0.28,051) 1.43
Omrani (2015) Iran 11/.78 —-—— 0.14 (0.08,024) 1.45
Pala (2014? Turkey 11/201 - 0.05 (0.03,0.10 1.52
Poirier (2011) France 15/94 —_—— 0.16 50,10, 0253 1.47
Rasti (2017) Iran 11/265 | 0.04 (0.02,007) 1.53
Rossen é201 b Netherlands  13/45 e — 0.29 (0.18, 0.433 1.37
Tasova (2000 Turkey 23/206 —— 0.11 (0.08,0.16 1.52
Yadav (2016) India 2/.88 > 0.02 (0.01,0.08 1.46
Subtotal (12 = 90.61%, p = 0.00) e 0.13(0.08,0.18) 21.93

1
AIDS patients 1
Adamu (2009?) Ethiopia 3/200 > 1 0.01 20.01, 0.043 152
Al-Magrine (2010) Saudi Arabia 7/136 -0-—; 0.05 (0.03,0.10 1.50
Albrecht (1995) Gemany 99/262 g —_—— 0.38(0.32,044) 153
Alemu (2011) Ethiopia 20/188 —— 0.11 20.07, 0.16; 152
Amancio (2012) Brazi 3/105 - | 0.03 (0.01,008) 1.48
Amenta (1999) Italy 3/.48 —_—— 0.06 (0.02,0.17) 1.38
Anvari-Tafti %016) Iran 2/.73 - 0.03 (0.01, 0.09; 1.44
Bednarska (2018) Poland 3/237 > | 0.01 (0.00,004) 153
Bereniji (2010) Iran 7/.31 ' g 0.23(0.11,040) 1.30
Brandonisio 1999% Ital 16/154 —_— 0.10 (0.06,0.16 1.51
Buyokbaba Boral (2004) Turkey 1/.38 e — 0.03 (0.00,0.13 1.34
Chacin-Bonilla (1992) Venezuela 31.27 ———— 0.11(0.04,028) 1.26
Chincha (2009) Peru 82/334 I —— 0.25(0.20,029) 154
Cimeman (1999) Brazil 1/200 > 1 0.00 E0.00, 0.03; 1.52
Cotte (1993) France 11/.81 —_——— 0.14 (0.08,0.23 1.45
Escobedo (1997) Cuba 17/67 | —_——— 0.25(0.16,0.37 1.43
Feyisayo Jegede (2014)  Nigeria 3/105 > 0.03(0.01,008) 1.48
Flérez (2003) Colombia 29/115 —_— 0.25(0.18,034) 1.49
Gassama #2001) Senegale 5/318 el ! 0.02 (0.01,0.04 1.54
Gemani (1998) Africa 4/244 o I 0.02 (0.01,0.04 1.53
Ghimire (2016) Nepal 1112 >— 1 0.01 (0.00,0.05) 1.48
Gupta (2013) India 1/100 *— 0.01 (0.00,0.05) 1.47
Henry_$1986) Congo 1/46 -— 0.02 (0.00,0.11 137
Jupsa-Mbiandou (2018) Cameroon 19/283 -O—I 0.07 (0.04,0.10 154
Khalil (2015) India 30/400 -— 0.08 (0.05,0.11) 155
Kurniawan (2009) Indonesia 194/.268 ; -+ 072(0.67,0.77 1.53
Lebbad (2001) Sweden 3/.37 e b 0.08 (0.03,0.21 1.33
Mathewson (1998) Texas 2/.83 -— | 0.02 (0.01,0.08) 1.46
Mohandas (2002) India 4/120 - 0.03 (0.01,0.08 1.49
Mtapuri-Zinyowera (2014)  Zimbabwe 1/.29 i 0.03 (0.01,0.17 1.28
Noor (2012) Bangladesh  31/70 I —_—— 0.44 (0.33,056) 1.44
Oguntibeju (2006 Africa 2/.60 - 0.03 (0.01,0.11 1.42
Piranshahi (2017 Iran 51/286 | —— 0.18 (0.14,023 1.54
Prasad (2000) India 2/59 —— 0.03(0.01,0.12) 1.41
Ramana (2009) India 2/452 > I 0.00 (0.00,0.02) 1.55
Ramana $201 0) India 13/452 ->- 1 0.03 (0.02, 0.05 1.55
Roka (2013) Ethiopia 16/273 - 0.06 (0.04.009) 153
Saksrisampant (2009) Thailand /.90 - 1 0.02 (0.01,0.08 1.46
Seid (2018 Ethiopia 53/86 ——tp  0.62 (0.51,0.71 1.46
Sherchan (2012) Nepal 9/146 —o— 0.06 (0.03,0.11) 1.50
Stark (2007) Australia 135/628 ! - 0.21 (0.18,0.25 1.56
Tian (2013) China 11/269 > | 0.04 fo.oz, 0.07; 153
Viriyavejakul (2009) Thailand 7/.64 —_—— 0.11(0.05,021) 1.42
Yosefi (2012) Iran 10/.60 —_——— 0.17 (0.09,028) 1.42
Zali (2004 Iran 9/206 - 0.04 (0.02,0.08 1.52
Subtotal (1*2=96.97%, p = 0.00) ¢ 0.09 (0.05,0.13, 66.11
Cancer patients !
Al-Qobati (2012) Yemen 10/206 -1 0.05(0.03,0.09) 1.52
Eksi (2009) Turkey 1/115 *~— 0.01(0.00,0.05) 1.49
Km‘era%rg«g/ (2014) Malaysia 43/204 1 —_—— 0.21 (0.16,0.27 1.52
Menon (19 Malaysia 2/.50 - 0.04 (0.01,0.13 1.39
Mohamed (2017) Saudi Arabia  38/138 i —_— 0.28 (0.21,036) 1.50
Yersal (2016) Turkey 25/232 — 0.11 (0.07,0.15 1.53
Zabolinejad (2013) Iran 5/.89 —— 0.06 50.02, 0.12§ 1.46
Zhang (2017) China 27/381 - 0.07 (0.05,0.10) 1.54
Subtotal (1*2= 91.82%, p = 0.00) e 0.09 (0.04,0.15) 11.96

1
Heterogeneity between groups: p = 0.396
Overall (12 =96.04%, p =0.00); <> 0.10 (0.07,0.13)  100.00

1

| | | | |

0 10% 20% 30% 50% 70%
Prevalence

Fig. 3. Meta-Analysis of the prevalence of Blastocystis infection in immunocompromised people using random effects model.

Our finding corroborates evidence of a high prevalence of Blasto-
cystosis infection in Australia, America, Europe and Asia, and low
prevalence in Africa. There are significant differences between different
countries for Blastocystosis infection in the Asia (0.4-72.39%), Africa
(1.5-61.63%), America (0.5-25.37%) and Europe (0.87-39.13%) in
immunocompromised individuals. The geographic distribution of
studies significantly affected the pooled estimate (Fig. 4). Regarding
individual countries, the estimate was the highest in the Indonesia
(72.39%, 54.76%) [52-57], Ethiopia (61.63%) [92], Bangladesh
(44.29%) [62], Turkey (39.13%) [29], Germany (37.79%) [28],
Netherlands (28.89%) [80], Saudi Arabia (27.54%) [88], Cuba
(25.37%) [30], Colombia (25.22%) [43], Peru (24.55%) [49], Brazil
(24.55%) [69], Iran (22.58%) [59], Australia (21.50%) [48] and
Malaysia (21.08%) [74]. In contrast, a low prevalence has been shown in

India (0.44%, 1%) [53-701, Brazil (0.5%) [35], Turkey (0.87%) [50],
Nepal (0.89%) [82] and Poland (1.27%) [90].

In immunocompromised patients a high prevalence has been re-
ported in Australia (21%) (Few data were available from Australia, as
only one study was conducted in Australia) [48].

Numerous factors, such as genetics, personal hygiene, type of health
care which are applied to different patients, age, as well as geographical
and occupational conditions of each individuals, may affect the preva-
lence in different countries. Another important factor which can affect
the rate of prevalence is the quality and sensitivity of detection tests. The
results obtained from this systematic review showed that the prevalence
rate of Blastocystosis infection inimmunocompromised patients, using
culture method(16%) was higher than other methods (15% molecular
and 8% microscopy assays). The techniques based on microscopy are not
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Fig. 4. Geographical distribution of the included studies.

Table 3
Characteristics of the included studies of Blastocystosis infection in people immunocompromised.
Category N of studies Prevalence rate 95% CI ? Heterogeneity statistic P.Value
Study type Cross-sectional 37 9 5,14 96.88% 1153.66 <0.001
Case-control 31 11 7,15 94.4% 535.65 <0.001
Laboratory method Culture 2 16 12, 20 - - -
Direct wet 47 8 5,12 96.12% 1185.63 <0.001
Molecular 9 15 7,25 96.55% 231.57 <0.001
Unknown 10 9 2,19 95.5% 200.13 <0.001
Overall 68 10 7,13 96.04% 1690.83 <0.001

sensitive enough, particularly for chronic infections. Molecular detec-
tion technique was employed as it has a high specificity and sensitivity
amongst different techniques. As per literature and by statistical anal-
ysis, the molecular detection technique was considered as the gold
standard detection method, and in this systematic review 15% were
positive by molecular methods. One can hypothesize that the type of
diagnostic tests influences on the results of this meta-analysis. The fact
that the prevalence rate in developed societies in Europe and the United
States is higher than that of in Africa may be attributed to the high ac-
curacy methods used in these developed societies. However, this claim
requires deeper investigations based on the used diagnostic methods.
In this study, the highest prevalence of the Blastocystosis infection
was observed in Australia research. It should be kept in mind that only
one article considering Australia’s data, was included in this analysis,
and the reason of the high prevalence of the Blastocystis could be
assigned to the fact that HIV positive subjects in that study were ho-
mosexual men (gay). It has been shown that the rate of intestinal
parasitic infections in homosexual men community is significantly
higher than that of others due to oral-anal 1 contact. Nevertheless, this
interpretation requires further studies to make a correct judgment.
The overall prevalence of parasites co-infection in immunocompro-
mised patients was 0.024%. The most common parasite was Dien-
tamoeba fragilis (0.14%) and the other parasites were identified as

follows: Cryptosporidium parvum (0.11%), Trichuris trichiuria (0.09%),
Enteromonas hominis (0.08%), Giardia lamblia (0.07%), Isospora belli
(0.06%), Microsporidia sp (0.06%), Schistosoma sp (0.06%), Cyclospora
cayetanensis (0.05%), Entamoeba histolytica (0.05%), Endolimax nana
(0.05%), Entamoeba coli (0.05%), Entamoeba hartmanni (0.03%), Ascaris
Lumbricoides (0.03%), Entrobious vermicularis (0.03%), Opisthorchis sp
(0.03%), Hymenolepis nana (0.03%), Iodamoeba butschlii (0.02%), Chi-
lomastics mesnili (0.02%), Strongyloides stercoralis (0.02%), Hookworm
(0.02%)andTeania sp (0.01%). Regarding the results obtained in this
systematic review, Blastocystosis infection was reported in 1202
immunocompromised individuals, and analysis of co-infection parasites
revealed that 63 positive samples of Blastocystis had co-infection with
the following parasites: Cryptosporidium parvum [22], Giardia lamblia
[13], Cyclospora cayetanensis [10], Microsporidia sp [5], Entamoeba his-
tolytica [3], Strongyloides stercoralis [ 1], Hymenolepis nana [1], Endolimax
nana [6], Iodamoeba butschlii [1] and Entamoeba coli [1].

Our systematic review and meta-analysis has several limitations:
First, a number of potentially relevant studies were identified through
our systematic review and meta-analysis, but not all data were available.
As most of these studies might not have relevant data, there is a risk that
we missed some data, because if the articles might not contain relevant
data, and the exclusion criteria were well conducted, there is no risk of
missing data. Second, most of the data resulted from the conventional
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diagnostic microscopy techniques (n = 47), which have a lower sensi-
tivity, compared to the polymerase chain reaction (molecular diagnostic
techniques). Therefore, most studies examined a single stool specimen,
potentially leading to a false negative result. Third, insufficient data
were collected about further relevant factors on Blastocystosis infection
(e.g., age and CD4™ lymphocyte count (cell/mm?®)). Fourth, the included
studies were from Asia (n = 31), Africa (n = 12), America (n = 8),
Europe (n = 16) and Australia (n = 1), and the study quality was vari-
able; thus more robust surveillance of Blastocystosis infection in
immunocompromised people is required in these regions. Fifth, different
subtypes of Blastocystis may cause different clinical manifestations in
immunocompromised people. However, we did not analyze their dis-
tribution characteristics, as the diagnostic microscopy techniques in
most of the selected studies, could not identify the species within the
subtypes of Blastocystis.

5. Conclusion

It was calculated that the estimated pooled prevalence rate of Blas-
tocystosis infection in immunocompromised patients was overall 10%
and the prevalence estimates ranged from 0.44 to 72.39. Also, overall
prevalence of parasites co-infection in immunocompromised patients
was detected as 0.024%. It is generally concluded that the prevalence of
Blastocystosis infection, in a variety of levels is evident in different
developing countries. Because of high probability of intestinal parasites
infections, especially Blastocystis opportunistic parasite, in the immu-
nocompromised people, it is necessary to pay more attention to con-
trolling and preventing these infections. We hope that similar
investigations will be expanded in the future to collect more useful in-
formation to help health policy makers in different countries to better
understand the prevalence and pattern of the disease.

Acknowledgements
Not applicable.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.micpath.2020.104615.

Funding

This work was supported by the Ilam University of Medical Sciences
of Iran (grant numbers 98/2006/48).

References

[1] P. Poirier, I. Wawrzyniak, C. P Vivares, F. Delbac, El H. Alaoui, New insights
intoBlastocystis spp.: a potential link with irritable bowel syndrome, PLoS Pathog. 8
(3) (2012), €1002545, https://doi.org/10.1371/journal.ppat.1002545.

[2] J.D. Silberman, M.L. Sogin, D.D. Leipe, C.G. Clark, Human parasite finds taxonomic
home, Nature 380 (6573) (1996) 398, https://doi.org/10.1038/380398a0. PMID:
8602239.

[3] J.I. Zapata Valencia, C. Rojas-Cruz, Una actualizacionsobre Blastocystis sp,
RevistaGastrohnup Ano 14 (3) (2012) 94-100.

[4] P.D. Scanlan, C.R. Stensvold, Blastocystis: getting to grips with our guileful guest,
Trends inParasitology 29 (11) (2013) 523-529, https://doi.org/10.1016/j.
pt.2013.08.006.

[5] 1. Wawrzyniak, P. Poirier, E. Viscogliosi, Blastocystis, an unrecognized parasite:
anoverview of pathogenesis and diagnosis, Therapeutic Advances in Infectious
Disease 1 (5) (2013) 167-178, https://doi.org/10.1177/2049936113504754.

[6] C. Nourrisson, J. Scanzi, B. Pereira, Blastocystis is associated with decrease of
fecalmicrobiota protective bacteria: comparative analysis between patients with
irritable bowelsyndrome and control subjects, PloS One 9 (11) (2014), e111868,
https://doi.org/10.1371/journal.pone.0111868.

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

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

Microbial Pathogenesis 152 (2021) 104615

M. Singh, K. Suresh, L.C. Ho, G.C. Ng, E.H. Yap, Elucidation of the life cycle of
theintestinal protozoan Blastocystis hominis, Parasitol. Res. 81 (5) (1995) 446-450,
https://doi.org/10.1007/BF00931510.

S. Basak, M.N. Rajurkar, S.K. Mallick, Detection of Blastocystis hominis: a
controversialhuman pathogen, Parasitol. Res. 113 (1) (2014) 261-265, https://doi.
org/10.1007/500436-013-3652-4.

H. Yoshikawa, K. Yoshida, A. Nakajima, K. Yamanari, S. Iwatani, I. Kimata, Fecal-
oraltransmission of the cyst form of Blastocystis hominis in rats, Parasitol. Res. 94
(6) (2004) 391-396, https://doi.org/10.1007/500436-004-1230-5.

C.h. Piubelli, H. Soleymanpoor, G. Giorli, F. Formenti, D. Buonfrate, Z. Bisoffi,

F. Perandin, Blastocystis prevalence and subtypes in autochthonous and immigrant
patients in a referralcentre for parasitic infections in Italy, PloS One 14 (1) (2019),
0210171, https://doi.org/10.1371/journal.pone.0210171.

C.R. Stensvold, C.G. Clark, Current status of Blastocystis: a personal view, Parasitol.
Int. 65 (6 Pt B) (2016) 763-771, https://doi.org/10.1016/j.parint.2016.05.015.
J.D. Ramirez, A. Sanchez, C. Hernandez, C. Florez, M.C. Bernal, J.C. Giraldo, et al.,
Geographic distributionof human Blastocystis subtypes in South America, Infect.
Genet. Evol.: journal of molecular epidemiology and evolutionary genetics in
infectious diseases 41 (2016) 32-35, https://doi.org/10.1016/j.
meegid.2016.03.017.

L.H. Li, X.P. Zhang, S. Lv, L. Zhang, H. Yoshikawa, Z. Wu, P. Steinmann,

J. Utzinger, X.M. Tong, S.H. Chen, Cross sectional surveys and subtype
classification of human Blastocystis isolates from four epidemiological settings
inChina, Parasitol. Res. 102 (2007) 83-90.

S. Mattiucci, B. Crisafi, S. Gabrielli, M. Paoletti, G. Cancrini, Molecular
epidemiology and genetic diversity of Blastocystisinfection in humans in Italy,
Epidemiol. Infect. 144 (2016) 635-646.

T. Roberts, D. Stark, J. Harkness, J. Ellis, Subtypedistribution of Blastocystis isolates
from a variety of animalsfrom New south wales, Australia, Vet. Parasitol. 196
(2013) 85-89.

F. Ronald, S. Monica, M. Dumitru, Detection of concurrentinfection of dairy cattle
with Blastocystis, Cryptosporidium,Giardia and Enterocytozoon by molecular and
microscopicmethods, Parasitol. Res. 111 (2012) 1349-1355.

L.R. Krogsgaard, A.L. Engsbro, C.R. Stensvold, H.V. Nielsen, P. Bytzer, The
prevalence of intestinal parasites is not greater among individuals with irritable
bowel syndrome: a population- based case-control study, Clin. Gastroenterol.
Hepatol. 13 (3) (2015) 507-513, https://doi.org/10.1016/j.cgh.2014.07.065.

J. Yakoob, W. Jafri, M.A. Beg, Z. Abbas, S. Naz, M. Islam, et al., Irritable
bowelsyndrome: is it associated with genotypes of Blastocystis hominis, Parasitol.
Res. 106 (5) (2010) 1033-1038, https://doi.org/10.1007/500436-010-1761-x.14.
C.R. Stensvold, H.C. Lewis, A.M. Hammerum, L.J. Porsbo, S.S. Nielsen, K.E.

P. Olsen, M.C. Arendrup, H.V. Nielsen, K. Molbak, Blastocystis: unravelling
potential risk factors andclinical significance of a common but neglected parasite,
Epidemiol. Infect. 137 (2009) 1655-1663, https://doi.org/10.1017/
S0950268809002672.

T. Roberts, D. Stark, J. Harkness, J. Ellis, Update on the pathogenic potential and
treatmentoptions for Blastocystis sp, Gut Pathog. 6 (2014) 17, https://doi.org/
10.1186/1757-4749-6-17.

Z.T. Mariam, G. Abebe, A. Mulu, Opportunistic and other intestinal parasitic
infections in AIDS patients, HIV seropositive healthy carriers and HIV seronegative
individuals in southwest Ethiopia, East Afr. J. Publ. Health 5 (2008) 169-173.

D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, Preferred reporting items for
systematicreviews and meta-analyses: the PRISMA statement, PLoS Med. 6 (2009),
e€1000097.

G.A. Wells, B. Shea, D. O’Connell, J. Peterson, V. Welch, M. Losos, et al., Newcastle
ottawa statement (NOS) manual, in: The Newcastle-Ottawa Scale (NOS) for
Assessing the Quality of Nonrandomised Studies in Meta-Analyses Ontario, Ottawa
Hospital Research Institute, 2009.

M.C. Henry, D. DE Clercq, B. Lokombe, K. Kayembe, B. Kapita, K. Mamba,

N. Mbendt, P. Mazebo, Parasitological observations of chronic diarrhea in
suspected Aids adults patients in Kinashasa (Zaire), Transactions of the Royal
Society of Tropical Medicine and Hvgibne 80 (1986) 309-310.

L. Chacin-Bonilla, N. Guanipa, G. Cano, X. Raleigh, L. Quijada, Cryptosporidiosis
among patients with acquired immunodeficiency syndrome in Zulia State,
Venezuela, Am. J. Trop. Med. Hyg. 47 (5) (1992) 582-586.

L. Cotte, M. Rabodonirina, M.A. Piens, M. Perreard, M. Mojon, C. Trepo,
Prevalence of intestinal protozoans in French patients infected with HIV, J. Acquir.
Immune Defic. Syndr. 6 (9) (1993) 1024-1029.

H. Albrecht, H.J. Stellbrink, K. Koperski, H. Greten, Blastocystis hominis in human
immunodeficiency virus-related diarrhea, Scand. J. Gastroenterol. 30 (9) (1995)
909-914.

U.Z. Ok, M. Cirit, A. Uner, E. Ok, F. Akcicek, A. Basci, M.A. Ozcel, Cryptosporidiosis
and Blastocystosis in renal transplant recipients, Bio Med 75 (1997) 171-174.

A. Escobedo, F.A. Nunez, Blastocystis hominis infection in Cuban AIDS patients,
Mem Inst Oswaldo Cruz, Rio de Janeiro 92 (3) (1997) 321-322.

J. Mathewson, B.M. Salameh, H.L. Dupont, Z.D. Jiang, A.C. Nelson, R. Arduino, M.
A. Smith, N. Masozera, HEp-2 cell-adherent Escherichia coli and intestinal
secretory immune response to human immunodeficiency virus (HIV) in outpatients
with HIV-associated diarrhea, Clin. Diagn. Lab. Immunol. 5 (1) (1998) 87-90.

Y. Germani, P. Minssart, M. Vohito, S. Yassibanda, Ph Glaziou, D. Hocquet,

P. Berthélémy, J. Morvan, Etiologies of acute, persistent, and dysenteric diarrheas
in adults in bangui, Central African Republic, in relation to human
immunodeficiency virus serostatus, Am. J. Trop. Med. Hyg. 59 (6) (1998)
1008-1014.

M. Amenta, E.R. Dalle Nogare, C. Colomba, T.S. Prestileo, F. Di Lorenzo,

S. Fundaro, A. Colomba, A. Ferrieri, Intestinal Protozoa in HIV-infected patients:


https://doi.org/10.1016/j.micpath.2020.104615
https://doi.org/10.1016/j.micpath.2020.104615
https://doi.org/10.1371/journal.ppat.1002545
https://doi.org/10.1038/380398a0
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref3
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref3
https://doi.org/10.1016/j.pt.2013.08.006
https://doi.org/10.1016/j.pt.2013.08.006
https://doi.org/10.1177/2049936113504754
https://doi.org/10.1371/journal.pone.0111868
https://doi.org/10.1128/CMR.00022-08
https://doi.org/10.1128/CMR.00022-08
https://doi.org/10.1007/BF00931510
https://doi.org/10.1007/s00436-013-3652-4
https://doi.org/10.1007/s00436-013-3652-4
https://doi.org/10.1007/s00436-004-1230-5
https://doi.org/10.1371/journal.pone.0210171
https://doi.org/10.1016/j.parint.2016.05.015
https://doi.org/10.1016/j.meegid.2016.03.017
https://doi.org/10.1016/j.meegid.2016.03.017
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref14
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref14
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref14
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref14
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref15
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref15
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref15
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref16
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref16
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref16
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref17
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref17
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref17
https://doi.org/10.1016/j.cgh.2014.07.065
https://doi.org/10.1007/s00436-010-1761-x.14
https://doi.org/10.1017/S0950268809002672
https://doi.org/10.1017/S0950268809002672
https://doi.org/10.1186/1757-4749-6-17
https://doi.org/10.1186/1757-4749-6-17
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref22
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref22
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref22
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref23
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref23
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref23
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref24
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref24
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref24
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref24
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref25
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref25
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref25
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref25
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref26
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref26
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref26
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref27
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref27
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref27
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref28
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref28
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref28
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref29
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref29
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref30
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref30
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref31
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref31
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref31
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref31
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref32
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref32
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref32
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref32
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref32
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref33
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref33

Z. Khorshidvand et al.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

effect of rifaximin in Cryptosporidium parvum and Blastocystis hominis infections,
J. Chemother. 11 (5) (1999) 391-395.

O. Brandonisio, P. Maggi, M.A. Panaro, S. Lisi, S. Andriola, A. Acquafredda,

G. Angarano, Intestinal protozoa in HIV-infected patients in apulia, south Italy,
Epidemiol. Infect. 123 (1999) 457-462.

S. Cimerman, B. Cimerman, D.S. Lewi, Prevalence of intestinal parasitic infections
in patients with acquired immunodeficiency syndrome in Brazil, Int. J. Infect. Dis.
3 (4) (1999) 203-206.

1.S. Koltas, K. Ozcan, S. Tanriverdi, S. Paydas, S. Paydas, F. Baslamish, The
prevalence of Blastocystis hominis in immunosupressed patients, Acta Med.
Okayama 54 (3) (2000) 133-136.

B.S. Menon, M. Shokri Abdullah, F. Mahamud, B. Singh, Intestinal parasites in
Malaysian children with cancer, J. Trop. Pediatr. 45 (1999).

Y. Tasova, B. Sahin, S. Koltas, S. Paydas, Clinical significance and frequency of
Blastocystis hominis in Turkish patients with hematological malignancy, Acta Med.
Okayama 54 (3) (2000) 133-136.

K.N. Prasad, V.L. Nag, T.N. Dhole, A. Ayyagari, Identification of enteric pathogens
in HIV-positive patients with diarrhoea in northern India, J. Health Popul. Nutr. 18
(1) (2000) 23-26.

A. Gassama, P. Salif Sow, F. Fall, P. Camara, H. Philippe, A. Gukye-N’diaye,

R. Seng, B. Samb, S. M'Boup, Y. Germani, A. Aidara-Kane, Ordinary and
opportunistic enteropathogens associated with diarrhea in Senegalese adults in
relation to human immunodeficiency virus serostatus, Int. J. Infect. Dis. 5 (2001)
192-198.

M. Lebbad, H. Norrgren, A. Nauclér, F. Dias, S. Andersson, E. Linder, Intestinal
parasites in HIV-2 associated AIDS cases with chronic diarrhoea in Guinea-Bissau,
Acta Trop. 80 (2001) 45-49.

K. Mohandas, R. Sehgal, A. Sud, N. Malla, Prevalence of intestinal parasitic
pathogens in HIV-seropositive individuals in Northern India, Jpn. J. Infect. Dis. 55
(2002) 83-84.

A.C. Florez, D. Adriana Garcia, L. Moncada, M. Beltrdn, Prevalencia de
microsporidios y otros parasitos intestinales en pacientes con infeccion por VIH,
Bogotd, Biomedica 23 (2001) 274-282, 2003.

O. Biiyiikbaba Boral, H. Uysal, S. Alan, O. Nazlican, Investigation of intestinal
parasites in AIDS patients, Mikrobiyoloji Bulteni 38 (1-2) (2004) 121-128.

M.R. Zali, A. Jafari Mehr, M. Rezaian, A.R. Meamar, S. Vaziri, M. Mohraz,
Prevalence of intestinal parasitic pathogens among HIV-positive individuals in
Iran, Jpn. J. Infect. Dis. 57 (2004) 268-270.

0. Oguntibeju, Prevalence of intestinal parasites in HIV-Positive/Aids patients,
Malays. J. Med. Sci. 13 (1) (2006) 68-73.

H. Arslan, E.K. Inci, O.K. Azap, H. Karakayali, A. Torgay, M. Haberal, Etiologic
agents of diarrhea in solid organ recipients, Transpl. Infect. Dis. 9 (2007) 270-275.
D. Stark, R. Fotedar, S. Van Hal, N. Beebe, D. Marriott, J. Ellis, J. Harkness,
Prevalence of enteric protozoa in human immunodeficiency virus (HIV)-positive
and HIV-negative men who have sex with men from Sydney, Australia, Am. J.
Trop. Med. Hyg. 76 (3) (2007) 549-552.

L.O. Chincha, A. Bernabé-Ortiz, C. Frine Samalvides, A. Leslie Soto, H. Eduardo
Gotuzzo, 1. Angélica Terashima, Infecciones parasitarias intestinales y factores
asociados a la infeccién por coccidias en pacientes adultos de un hospital ptiblico
de Lima, Pert. Rev Chil Infect. 26 (5) (2009) 440-444.

F. Eksi, S. Akgun, E. Guler, A. Sevinc, A. Bayram, L. Balci, Entero pathogens isolated
from stool samples of oncology patients with or without diarrhea, Nobel Med 5 (1)
(2009) 10-16.

H. Adamu, B. Petros, Intestinal protozoan infections among HIV positive persons
with and without Antiretroviral Treatment (ART) in selected ART centers in
Adama, Afar and Dire-Dawa, Ethiopia, Ethiop. J. Health Dev. 23 (2) (2009)
133-140.

A. Kurniawan, T. Karyadi, S.W. Dwintasari, I.P. Sari, E. Yunihastuti, S. Djauzi,

H. Smith, Intestinal parasitic infections in HIV/AIDS patients presenting with
diarrhoea in Jakarta, Indonesia, Trans. R. Soc. Trop. Med. Hyg. 103 (2009)
892-898.

K.V. Ramana, Opportunistic intestinal parasites and TCD4+ cell counts in human
immunodeficiency virus seropositive patients, J. Med. Microbiol. (2009), https://
doi.org/10.1099/jmm.0.014043-0.

W. Saksirisampant, J. Prownebon, P. Saksirisampant, M. Mungthin,

S. Siripatanapipong, S. Leelayoova, Intestinal parasitic infections: prevalences in
HIV/AIDS patients in a Thai AIDS-care centre, Ann. Trop. Med. Parasitol. 103 (7)
(2009) 573-581.

P. Viriyavejakul, R. Nintasen, Ch Punsawad, U. Chaisri, B. Punpoowong,

M. Riganti, High prevalence of microsporidium infection in HIV-infected patients,
Southeast Asian J. Trop. Med. Publ. Health 40 (2) (2009) 223-228.

Al-Magrine, Intestinal parasites infection among immunocompromised patients in
Riyadh, Saudi Arabia, Pakistan J. Biol. Sci. 13 (8) (2010) 390-394.

N.S. Idris, P. Dwipoerwantoro, A. Kurniawan, M. Said, Intestinal parasitic infection
of immunocompromised children with diarrhoea: clinical profile and therapeutic
response, Infect Dev Ctries 4 (5) (2010) 309-317.

K.V. Ramana, K. Prakash, S.K. Mohanty, A study of opportunistic parasitic
infections and CD4 counts in HIV seropositive individuals in Narketpally, South
India, Ann. Trop. Med. Publ. Health 3 (2) (2010) 49-52.

F. Berenji, M.R. Sarvghad, A. Fata, Z. Hosseininejad, E. Saremi, M. Ganjbakhsh,
R. Izadi Jahanparvar, A study of the prevalence of intestinal parasitic infection in
HIV positive individuals in Mashhad, Northeast Iran, Jundishapur J. Microbiol. 3
(2) (2010) 61-65.

A. Alemu, Y. Shiferaw, G. Getnet, A. Yalew, Z. Addis, Opportunistic and other
intestinal parasites among HIV/AIDS patients attending Gambi higher clinic in

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Microbial Pathogenesis 152 (2021) 104615

Bahir Dar city, North West Ethiopia, Asian Pacific Journal of Tropical Medicine
(2011) 661-665.

P. Poirier, I. Wawrzyniak, A. Albert, H. El Alaoui, F. Delbac, V. Livrelli,
Development and evaluation of a real-time PCR assay for detection and
quantification of Blastocystis parasites in human stool samples: prospective study of
patients with hematological malignancies, J. Clin. Microbiol. 49 (3) (2011)
975-983.

R. Noor, Sh Ranjan Saha, F. Rahman, S. Munshi, A. Uddin, M. Rahman, Frequency
of opportunistic and other intestinal parasitic infections in patients infected with
human immunodeficiency virus in Bangladesh, Tzu Chi Med. J. 24 (2012)
191-195.

E. Abdel-Hafeez, A.K. Ahmad, A. Basma, F. Moslam, Opportunistic parasites among
immunosuppressed children in minia district, Egypt, Kor. J. Parasitol. 50 (1)
(2012) 57-62.

S.A. Al-Qobati, M.T. Al-Maktari, A.M. Al-Zoa, M. Derhim, Intestinal parasitosis
among Yemeni patients with cancer, Sana’a, Yemen, J. Egypt. Soc. Parasitol. 42 (3)
(2012) 727-734.

F.A.M. Amancio, V.M. Pascotto, L.R. Souza, S.A. Calvi, P.C.M. Pereira, Intestinal
parasitic infections in HIV/AIDS patients: epidemiological, nutritional and
immunological aspects, J. Venom. Anim. Toxins Incl. Trop. Dis. 18 (2) (2012)
225-235.

J.B. Sherchan, H. Ohara, S. Sakurada, A. Basnet, S. Tandukar, J.B. Sherchand, D.
S. Bam, Enteric opportunistic parasitic infections among HIV seropositive patients
in kathmandu, Nepal, Kathmandu Univ. Med. J. 38 (2) (2012) 14-17.

F. Yosefi, M. Rahdar, S.M. Alavi, A. Samany, A study on prevalence of
gastrointestinal parasitic infections in HIV (+) patients referred to ahvaz razi
hospital in 2008-2009, Jundishapur J. Microbiol. 5 (2) (2012) 423-426.

N. Zabolinejad, F. Berenji, E. Bayati Eshkaftaki, Z. Badeii, A. Banihashem,

M. Afzalaqaei, Intestinal parasites in children with lymphohematopoietic
malignancy in Iran, mashhad, Jundishapur J. Microbiol. 6 (6) (2013), €7765.

F. Gil, M. Barros, N. Macedo, C. Jtnior, R. Redoan, H. Busatti, M. Gomes, J. Santos,
Prevalence of intestinal parasitism and associated symptomatology among
hemodialysis patients, Rev. Inst. Med. Trop. Sao Paulo 55 (2) (2013) 69-74.

K. Gupta, M. Bala, M. Deb, S. Muralidhar, D.K. Sharma, Prevalence of intestinal
parasitic infections in HIV-infected individuals and their relationship with immune
status, Indian J. Med. Microbiol. 31 (2) (2013) 161-165.

M. Roka, P. Gon, E. Rubiob, A. Clavela, Intestinal parasites in HIV-seropositive
patients in the Continental Region of Equatorial Guinea: its relation with socio-
demographic, health and immune systems factors, Trans. R. Soc. Trop. Med. Hyg.
107 (2013) 502-510.

L.G. Tian, T.P. Wang, S. Lv, F.F. Wang, J. Guo, X.M. Yin, Y. Cai, M. Dickey,

P. Steinmann, J. Chen, HIV and intestinal parasite co-infections among a Chinese
population: an immunological profile, Infectious Diseases of poverty 2 (18) (2013)
3-9.

E. Feyisayo Jegede, E. Ibijoke Oyeyi, A. Hamisu Bichi, H. Akwen Mbah, K. Torpey,
Prevalence of intestinal parasites among HIV/AIDS patients attending Infectious
Disease Hospital Kano, Nigeria, Pan African Medical Journal 17 (2014) 295.

V. Kumarasamy, A. Camilla Roslani, K. Umah Rani, S. Kumar Govind, Advantage of
using colonic washouts for Blastocystis detection in colorectal cancer patients,
Parasites Vectors 7 (162) (2014) 2-5.

S. Mtapuri-Zinyowera, V. Ruhanya, N. Midzi, Ch Berejena, N. Chin’ombe,

P. Nziramasanga, G. Nyandoro, T. Mduluza, Human parasitic protozoa in drinking
water sources in rural Zimbabwe and their link to HIV infection, Germs 4 (4)
(2014) 86-91.

C. Pala, L. Kaynar, R. Buyukoglan, F. Kurnaz, G. Metan, S. Yazar, S. Durmaz,

A. Sakioglu, S. Sivgin, B. Eser, A. Unal, M. Cetin, Diarrhea in peripheral stem cell
transplant recipients: a developing country’s experience, J Infect Dev Ctries 8 (5)
(2014) 635-641.

A. Barazesh, M. Fouladvand, R. Tahmasebi, A. Heydari, J. Fallahi, The prevalence
of intestinal parasites in hemodialysis patients in Bushehr, Iran, Hemodial. Int.
(2015) 3-6.

Sh Khalil, B. Ranjan Mirdha, S. Sinha, A. Panda, Y. Singh, A. Joseph, M. Deb,
Intestinal parasitosis in relation to anti-retroviral therapy, CD4+ T-cell count and
diarrhea in HIV patients, Kor. J. Parasitol. 53 (6) (2015) 705-712.

V. Fallah Omrani, Sh Fallahi, A. Rostami, A. Siyadatpanah, Barzgarpour Gh,

S. Mehravar, F. Memari, F. Hajialiani, Z. Jone, Prevalence of intestinal parasite
infections and associated clinical symptoms among patients with end-stage renal
disease undergoing hemodialysis, Infection (2015), https://doi.org/10.1007/
515010-015-0778-6.

N.G. Rossen, A. Bart, N. Verhaar, E. Nood, R. Kootte, P.F. Groot, G.R. D’Haens, C.
Y. Ponsioen, T. Gool, Low prevalence of Blastocystis sp. in active ulcerative colitis
patients, Eur. J. Clin. Microbiol. Infect. Dis. 34 (2015) 1039-1044.

M.H. Anvari-Tafti, G. Eslami, A. Teimourzadeh-Baboli, M. Ghafourzadeh, Journal
of Food Quality and Hazards Control 3 (2016) 93-96.

A. Ghimire, Sh Bhandari, S. Tandukar, J. Amatya, D. Dinesh Bhandari, J.

B. Sherchand, Enteric parasitic infection among HIV-infected patients visiting
Tribhuvan University Teaching Hospital, Nepal, BMC Res. Notes 9 (204) (2016)
2-5.

P. Yadav, Sh Khalil, B. Ranjan Mirdha, Molecular appraisal of intestinal parasitic
infection in transplant recipients, Indian J. Med. Res. 144 (2016) 258-263.

O. Yersal, E. Malatyali, H. Ertabaklar, E. Oktay, S. Barutca, S. Ertug, Blastocystis
subtypes in cancer patients: analysis of possible risk factors and clinical
characteristics, Parasitol. Int. 65 (2016) 792-796.

W. Zhang, G. Ren, W. Zhao, Z. Yang, Y. Shen, Y. Sun, A. Liu, J. Cao, Genotyping of
Enterocytozoon bieneusi and subtyping of Blastocystis in cancer patients: relationship


http://refhub.elsevier.com/S0882-4010(20)30981-5/sref33
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref33
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref34
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref34
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref34
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref35
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref35
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref35
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref36
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref36
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref36
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref37
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref37
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref38
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref38
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref38
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref39
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref39
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref39
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref40
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref40
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref40
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref40
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref40
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref41
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref41
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref41
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref42
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref42
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref42
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref43
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref43
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref43
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref44
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref44
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref45
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref45
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref45
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref46
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref46
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref47
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref47
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref48
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref48
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref48
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref48
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref49
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref49
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref49
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref49
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref50
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref50
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref50
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref51
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref51
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref51
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref51
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref52
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref52
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref52
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref52
https://doi.org/10.1099/jmm.0.014043-0
https://doi.org/10.1099/jmm.0.014043-0
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref54
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref54
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref54
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref54
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref55
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref55
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref55
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref56
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref56
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref57
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref57
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref57
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref58
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref58
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref58
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref59
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref59
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref59
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref59
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref60
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref60
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref60
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref60
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref61
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref61
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref61
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref61
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref61
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref62
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref62
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref62
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref62
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref63
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref63
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref63
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref64
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref64
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref64
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref65
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref65
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref65
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref65
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref66
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref66
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref66
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref67
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref67
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref67
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref68
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref68
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref68
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref69
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref69
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref69
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref70
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref70
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref70
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref71
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref71
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref71
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref71
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref72
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref72
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref72
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref72
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref73
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref73
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref73
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref74
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref74
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref74
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref75
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref75
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref75
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref75
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref76
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref76
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref76
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref76
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref77
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref77
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref77
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref78
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref78
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref78
https://doi.org/10.1007/s15010-015-0778-6
https://doi.org/10.1007/s15010-015-0778-6
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref80
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref80
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref80
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref81
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref81
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref82
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref82
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref82
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref82
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref83
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref83
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref84
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref84
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref84
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref85
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref85

Z. Khorshidvand et al.

[86]

[87]

[88]

[89]

to diarrhea and assessment of zoonotic transmission, Front. Microbiol. 8 (1835)
(2017) 1-8.

A. Razavi Piranshahi, M. Tavalla, Sh Khademvatan, Genomic analysis of
Blastocystis hominis isolates in patients with HIV-positive using locus SSU-rTDNA,
J. Parasit. Dis. (2017), https://doi.org/10.1007/512639-017-0957-8.

F. Berenji, H. Imanfar, F. Nazemian, V. Vakili, A. Fata, Sh Rahmani Khorasani,
Investigating the prevalence of intestinal parasitic infections in kidney transplant
recipients, Res Med Dent Sci 5 (5) (2017) 127-133.

A.M. Mohamed, M. Abdelfattah Ahmed, S. Abdelghany Ahmed, Sh Ahmed Al-
Semany, S. Alghamdi, D. Abdulla Zaglool, Predominance and association risk of
Blastocystis hominis subtype I in colorectal cancer: a case control study, Infect.
Agents Canc. 12 (21) (2017) 2-8.

S. Rasti, M. Hassanzadeh, H. Hooshyar, M. Momen-Heravi, S.G. Abbas Mousavi,
A. Abdoli, Intestinal parasitic infections in different groups of
immunocompromised patients in Kashan and Qom cities, central Iran, Scand. J.
Gastroenterol. (2017), https://doi.org/10.1080/00365521.2017.1308547.

10

[90]

[91]

[92]

[93]

Microbial Pathogenesis 152 (2021) 104615

M. Bednarska, I. Jankowska, A. Pawelas, K. Piwczynska, A. Bajer, B. Wolska-
Kusnierz, M. Wielopolska, R. Welc-Faleciak, Prevalence of Cryptosporidium,
Blastocystis, and other opportunistic infections in patients with primary and
acquired immunodeficiency, Parasitol. Res. 117 (2018) 2869-2879.

S. Jupsa-Mbiandou, S. Fosso, E. Billé, T. Mélachio-Tanekou, G. Ajeagah-
Aghaindum, H.C. Nana-Djeunga, A. Samé-Ekobo, F. Njiokou, Pathogenicity and
non-opportunistic character of Blastocystis spp: a hospital-based survey in Central
Cameroon, J Infect Dev Ctries 12 (5) (2018) 373-379.

L. Seid, W. Stokes, A. Genetu Bayih, S. Getie, A. Abere, H. Tesfa, D.R. Pillai,
Molecular detection of Enteropathogens from diarrheic stool of HIV positive
patients in Gondar, Ethiopia, BMC Infect. Dis. 18 (354) (2018) 2-7.

K. Rao, U. Sekar, K.T. Iraivan, G. Abraham, P. Soundararajan, Blastocystis hominis -
an emerging cause of diarrhoea in renal transplant recipients, J. Assoc. Phys. India
51 (2003) 719-721.


http://refhub.elsevier.com/S0882-4010(20)30981-5/sref85
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref85
https://doi.org/10.1007/s12639-017-0957-8
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref87
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref87
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref87
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref88
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref88
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref88
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref88
https://doi.org/10.1080/00365521.2017.1308547
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref90
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref90
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref90
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref90
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref91
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref91
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref91
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref91
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref92
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref92
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref92
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref93
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref93
http://refhub.elsevier.com/S0882-4010(20)30981-5/sref93

	Worldwide prevalence of emerging parasite Blastocystis in immunocompromised patients: A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Data sources and search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	Funding
	References


