
RE
VI
EW

AR
TI
CL
E

International Health 2022; 14: 5–17
https://doi.org/10.1093/inthealth/ihab026 Advance Access publication 22 May 2021

Global epidemiology of Giardia duodenalis infection in cancer patients:
a systematic review and meta-analysis

Farzad Mahdavia, Alireza Sadrebazzazb, Amir Modarresi Chahardehic, Roya Badalid, Mostafa Omidiane,
Soheil Hassanipourf and Ali Asghari e,∗

aDepartment of Medical Parasitology and Mycology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran; bRazi
Vaccine and Serum Research Institute, Agricultural Research, Education and Extension Organization, Mashhad, Iran; cIntegrative
Medicine Cluster, Advanced Medical and Dental Institute, Universiti Sains Malaysia, Bertam, Kepala Batas, 13200, Penang, Malaysia;
dDepartment of Microbiology, Faculty of Basic Sciences, Ardabil Branch, Islamic Azad University, Ardabil, Iran; eDepartment of Medical
Parasitology and Mycology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran; fGastrointestinal and Liver Diseases

Research Center, Guilan University of Medical Sciences, Rasht, Iran

∗Corresponding author: Tel: +989120236311; E-mail: a_asghari@sums.ac.ir

Received 29 January 2021; revised 28 March 2021; editorial decision 27 April 2021; accepted 2 May 2021

Background: Application of chemotherapeutics in cancer patients may provide an immunosuppressive milieu,
favourable for parasitic infections. Giardia duodenalis is an important zoonotic intestinal parasite responsible for
diarrhoea in humans worldwide.

Methods: The present systematic review and meta-analysis was conducted to estimate the prevalence of G.
duodenalisand respective odds ratios (ORs) in cancer patients around the globe. Four online databases—PubMed,
Scopus, Web of Science and Google Scholar—were carefully explored for relevant literature without time limita-
tion until 28 November 2020. Meta-analysis was done based on a random effects model to pool the estimations
and define 95% confidence intervals (CIs).

Results: The overall weighted prevalence of G. duodenalis infection in cancer patients was calculated to be 6.9%
(95% CI 0.5 to 9.3) globally, based on data from 32 studies. Although not statistically significant, eight case–
control studies revealed that cancer patients were 1.24 times (95% CI 0.66 to 2.31; p=0.501) more exposed to
G. duodenalis infection than healthy controls. Moreover, the prevalence of infection was not significantly asso-
ciated with quantitative variables, including publication year (regression coefficient −0.0135, p=0.578), sample
size (regression coefficient −0.0007, p=0.074) and human development index (regression coefficient −1.6263,
p=0.419). Also, subgroup analysis of the pooled G. duodenalis infection was performed for publication year,
World Health Organization regions, countries, continents, cancer types and country income.
Conclusions: Altogether, the epidemiology of G. duodenalis infection and its associated risk factors
in immunocompromised individuals, especially cancer patients, is still open to question and deserves
comprehensive investigations.

Keywords: cancer patients, Giardia duodenalis, Giardia intestinalis, Giardia lamblia, meta-analysis, odds ratios (ORs), prevalence,
systematic review.

Introduction
A quarter of the world suffers from inadequate hygienic settings
and diagnostic options, leading to underestimated and/or chronic
parasitic infections, which are a major cause of morbidity and
mortality worldwide.1,2 Such infections are also overlooked in
industrialized nations due to their low prevalence and the fact

that they do not have pathognomonic signs.1 Thus they are a
silent threat, particularly in immunocompromised individuals un-
dergoing chemotherapy, leading to hyperinfection by parasitic
as well as other infectious agents.3 The flagellated diplomonad
protozoan Giardia duodenalis (also known as Giardia intestinalis
and Giardia lamblia) is the most common species of the genus
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Giardia, infecting various mammals, including domestic animals
and humans.4,5 In total, epidemiological investigations through
2011 show that approximately 280 million human diarrhoea
cases occur annually due to Giardia infection, particularly in chil-
dren <5 y of age, and with a varying prevalence of 0.4–7.5% in
developed countries and to 8–30% in underdeveloped countries.
Nevertheless, the true prevalence of the parasite is significantly
underestimated and much work is needed to accurately clarify
this issue.6–8
The life cycle of G. duodenalis occurs in canine, feline and hu-

man hosts. In brief, the parasite encysts in the intestine of sus-
ceptible infected humans/animals and the cystic stages are shed
to the environment via faeces.9 Human infection primarily occurs
via the faecal–oral route by consumption of cyst-contaminated
food or water and contact with infected hosts.10,11 Following ex-
cystation by gastric acid and pancreatic enzymes, each cyst re-
leases two motile pear-shaped trophozoites that colonize the
duodenum and jejunum and consume bile salts, which further
provokes deconjugation and lipid metabolism dysfunction.12 In
total, disease manifestation depends on the parasite genotype
and infective dose as well as host-related factors such as nu-
tritional and immunological status.13 Since September 2004, gi-
ardiasis was included in the Neglected Diseases Initiatives of
the World Health Organization (WHO), due to its negative effect
on child health and pregnancy as well as being in parallel with
poverty.11
The infection is usually asymptomatic. While clinical giardiasis

is frequently associated with children <5 y of age or pre-school
children living in poor sanitary environments, elderly people and
patients with immunodeficiency manifest a variety of gastroin-
testinal symptoms such as nausea, vomiting, diarrhoea, abdom-
inal cramps and epigastric pain, bloating and progressive weight
loss.14–16 Notably, chronic Giardia infection in children, particu-
larly in developing countries, may be associated with growth
retardation and cognitive impairment.17 Faecal microscopy is
routinely used for the diagnosis of G. duodenalis infection. Also,
immunodiagnostic assays such as enzyme-linked immunosor-
bent assay (ELISA) for antibody or copro-antigen detection as
well as molecular techniques are applicable.18 According to sev-
eral genetic markers, including small subunit ribosomal RNA
(SSU-rRNA) and the triosephosphate isomerase (tpi), glutamate
dehydrogenase (gdh) and β-giardin (bg) genes, eightmorpholog-
ically indistinguishable assemblages of G. duodenalis have been
confirmed, comprising assemblages A and B (humans and other
mammals), C and D (dog and other canids), E (hoofed animals),
F (cats), G (rodents) and H (pinnipeds). A single G. duodenalis iso-
late can actually be assigned to different assemblages based on
the above-mentionedmarkers. Identification of the sameassem-
blages or multilocus genotypes in humans and animals of a par-
ticular region implicates a zoonotic infection, although the actual
role of zoonotic pathways is highly neglected in the epidemiology
of giardiasis.14,19–21 Humans are mostly infected by assemblages
A and B, and to a lesser extent by assemblages C, E and F.22–24 As-
semblages A and B are further subtyped into AI (mostly zoonotic),
AII (mostly anthroponotic), AIII (hoofed animals), BIII and BIV.
Convincing evidence suggest that assemblage B is more virulent
and prevalent in outbreaks than assemblage A. However, there
exists no scientific basis to correlate the course of the infection
and/or clinical symptoms to G. duodenalis assemblages.12–14

More than 2 decades of investigation on Giardia pathogenic-
ity indicate that disease initiation and progression is a multifac-
torial process, being associated with parasitic, host, nutritional,
environmental and immunological factors.25,26 An in-depth look
at Giardia pathogenicity shows intestinal barrier dysfunction, el-
evation of enterocyte apoptosis, host lymphocyte activation, a
shortage of brush-border microvilli and atrophy of the intesti-
nal villi, which entails epithelial maldigestion and malabsorption,
hypersecretion of anions and subsequent acute diarrhoea. This
cascade of events may also facilitate bacterial invasion towards
the submucosal layers. Proteomic profiling ofGiardia trophozoites
demonstrated that cysteine proteases, especially cathepsin L
(catL)-like and cathepsin B (catB)-like enzymes, may be asso-
ciated with the increased pathophysiological responses during
giardiasis.27–29
Diarrhoea is a prominent cause of death in immunocompro-

mised people, with particular emphasis on children <5 y of age.
G. duodenalis is known as one of the significant agents of di-
arrhoea in mammals, including humans, along with rotavirus,
Cryptosporidium species, Escherichia coli, Clostridium difficile and
Shigella species. The disease in people with a healthy immune
status is self-limiting, without a clinical course, whereas im-
munocompromised patients may experience harsh clinical out-
comes.30–32 Therefore the importance of giardiasis in cancer pa-
tients and its proven pathogenicity led us to implement the first
global systematic review andmeta-analysis on the pooled preva-
lence of Giardia infection and respective odds ratios (ORs) in can-
cer patients compared with healthy individuals and the associ-
ated risk factors.

Methods
Systematic search strategy and selection criteria
The results of the present systematic review and meta-analysis
were reported based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses checklist.33 Two ex-
pert investigators (AA and SH) searched four English electronic
databases (PubMed, Scopus, Google Scholar andWeb of Science)
without a time limitation until 28 November 2020 to retrieve ar-
ticles investigating the prevalence of G. duodenalis in cancer pa-
tients globally. For this purpose, the following search keywords
were used alone or in combination: ‘intestinal parasites’, ‘para-
sitic infections’, ‘giardiasis’, ‘Giardia duodenalis’, ‘Giardia intesti-
nalis’, ‘Giardia lamblia’, ‘prevalence’, ‘epidemiology’, ‘frequency’,
‘occurrence’, ‘cancer’, ‘neoplasm’, ‘malignancy’, ‘tumor’, and ‘car-
cinoma’ using OR and/or AND Boolean operators. A set of key-
words was employed for better exploration of relevant literature
regarding cancer patients (Table 1). Also, the bibliographies of re-
lated paperswere scrutinized to extract papers not found through
database searching.
Initial screening was only based on the abstract and title

of papers. After duplicate removal, the full texts of eligible ar-
ticles were obtained via online databases. Evaluation of eligi-
bility was done by four trained investigators and possible dis-
agreements were settled by discussion and consensus with the
fifth reviewer. The following inclusion criteria were used for quali-
fied studies: the study population was limited to cancer patients;
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Table 1. Systematic search strategy in the present study

Databases Search strategy

PubMed ((((‘Intestinal Diseases, Parasitic’[Mesh]) OR (‘Parasitic Diseases’[Mesh])) OR (‘Giardiasis’[Mesh])) AND ((((Prevalence
[Title/Abstract]) OR (Epidemiology [Title/Abstract])) OR (Frequency [Title/Abstract])) OR (Occurrence
[Title/Abstract]))) AND (‘Neoplasms’[Mesh])

Scopus TITLE-ABS (‘Intestinal parasites’ OR ‘Parasitic infections’ OR ‘Giardiasis’ OR ‘Giardia duodenalis’ OR ‘Giardia intestinalis’
OR ‘Giardia lamblia’) AND TITLE-ABS (‘Prevalence’ OR ‘Epidemiology’ OR ‘Frequency’ OR ‘Occurrence’) AND TITLE-ABS
(‘Neoplasms’ OR ‘Cancer’ OR ‘Tumor’ OR ‘malignancy’ OR ‘Carcinoma’)

Web of Science ((‘Intestinal parasites’ OR ‘Parasitic infections’ OR ‘Giardiasis’ OR ‘Giardia duodenalis’ OR ‘Giardia intestinalis’ OR ‘Giardia
lamblia’) AND (‘Prevalence’ OR ‘Epidemiology’ OR ‘Frequency’ OR ‘Occurrence’) AND (‘Neoplasms’ OR ‘Cancer’ OR
‘Tumor’ OR ‘malignancy’ OR ‘Carcinoma’))

Google Scholar Using related keywords

peer-reviewed original papers without any geographical and time
limitation until 28 November 2020; cross-sectional studies in-
vestigating G. duodenalis prevalence in a particular sample size
of cancer patients; case–control studies reporting cancer (as ex-
posure) and G. duodenalis infection (as outcome) having speci-
fied ORs; and molecular- and/or microscopy-based studies eval-
uating stool samples regarding G. duodenalis infection. Those
studies that did not meet the inclusion criteria, including case
studies, reviews, letters, studies on non-cancerous immunocom-
promised patients and/or immunocompetent individuals, animal
studies, seroprevalence reports, experimentally infected individ-
uals, studies without prevalence reports and studies with un-
clear/confusing information were excluded from the present re-
view. The following variables were extracted using a predesigned
checklist for each study: first author’s last name, quality assess-
ment score, publication year, implementation year, continent,
country, WHO region, country income, study type, cancer type,
total sample size, infected sample size and Human Development
Index (HDI). In the present study, information about country in-
come was obtained from the World Bank https://datahelpdesk.
worldbank.org, which has been updated through 2019.

Quality assessment and data extraction
The quality of the papers was another parameter required for the
inclusion of relevant records. For this purpose, JoannaBriggs Insti-
tute (JBI) Critical Appraisal Checklist for Studies Reporting Preva-
lence Data was employed.34 Those articles that scored 4–6 and
7–10 points were deemed moderately and highly qualified, re-
spectively. Accordingly, articles with a score of ≤3 points were
excluded from this systematic review.

Data synthesis and statistical analysis
Statistical analyses were conducted using the Comprehensive
Meta-Analysis version 3 software (Biostat, Englewood, NJ, USA).
The prevalence of G. duodenalis infection in cancer patients was
assessed by computing pooled prevalence and 95% confidence
intervals (CIs) using a randomeffectsmodel. Thismodel is used in
the case of heterogeneity, which provides the distribution of true

effect sizes among published papers. Subgroup analyses were
used to estimate the weighted frequency of G. duodenalis in-
fection based on WHO regions, geographical distribution, coun-
try incomes, publication years, continents, cancer types and HDI.
Weighted odds ratios (WORs) and 95% CIs were calculated to
correlate the G. duodenalis infection to cancer patients and their
respective control groups. Also, any variations in the finally cal-
culated WORs were evaluated by sensitivity analysis. The results
were shown as forest plots of the weighted prevalence (with 95%
CI) of G. duodenalis infection in cancer patients. The funnel plot
was used to check the probability of publication bias during the
analysis. Meta-regression was used to assess the possible asso-
ciation between variables such as publication year, sample size
and HDI index with G. duodenalis prevalence in cancer patients.
Heterogeneity between studies was assessed using the I2 in-
dex, so that I2 values <25%, 25–50% and >50% were consid-
ered to have low, moderate and high heterogeneity, respectively.
P-values <0.05 were considered statistically significant.

Results
Summary of the systematic search
Figure 1 provides a flowchart summarizing the procedure of the
systematic search strategy and selection of qualified studies. In
brief, our primary systematic searching identified 11 721 papers.
After initial screening based on title and abstract along with re-
moval of duplicates, 104 articles were subjected to the complete
review process by trained investigators. Of these, 32 papers qual-
ified to be included in the present systematic review and meta-
analysis.

Qualitative and quantitative characteristics of included
studies
The main characteristics of the included papers are provided in
Table 2. According to geographical location, most studies (14 pa-
pers) were from Iran,35–48 followed by 3 from Turkey,49–51 3 from
Egypt,52–54 2 from Brazil,55,56 2 from India,57,58 and 1 each from
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Studies identified through international database search

(n= 11721)

Studies remained after removal of the duplicates

(n= 8506)

Studies remained for qualitative 
and quantitative analyses (n=32)

Full-text papers assessed for 
eligibility (n=104)

Studies excluded after tittle and 
abstract screening (n= 8402)

Papers excluded for various 
reasons (n=72)

Figure 1. Flowchart of the included eligible studies in the systematic review.

Indonesia,59 Iraq,60 Malaysia,61 Mexico,62 Poland,63 Uganda,64
Uzbekistan65 and Yemen.66 Overall, 21 studies were from Asia
(3706 individuals), followed by 4 studies from Africa (2268 indi-
viduals), 4 from Europe (687 individuals), 2 from South America
(143 individuals) and 1 from North America (77 individuals). The
sample size ranged from 10 to 1771 individuals and the oldest
study was conducted in 1997.57 A total of 26 studies were done
among patients having mixed cancer types, followed by 4 and 2
studies on patients with haematological malignancies (HMs) and
colorectal cancer (CRC), respectively. Based on the epidemiolog-
ical design of studies, 27 were cross-sectional studies, whereas
only 8 had a case–control design. Among all included studies, 27
assessed the Giardia infection by faecal microscopy and 5 studies
used both microscopic and molecular techniques. The JBI check-
list found that 6 articles had high quality (>6 points) and the re-
maining 26 had moderate quality (4–6 points) (Supplementary
File 1).

Pooled prevalence of G. duodenalis infection in cancer
patients
The estimated weighted prevalence of G. duodenalis infection in
cancer patients was computed to be 6.9% (95% CI 0.5 to 9.3)
(Figure 2). The heterogeneity analysis illustrates that there was
high-level, significant heterogeneity in our meta-analysis regard-
ing cancer patients (Q=272.464, I2=88.6%, p=0.000).

Association of cancer patients with G. duodenalis
infection
Of the eight case–control studies conducted in four countries
worldwide, the estimated pooled random effects ORs of cancer
patients compared with their controls was calculated to be
1.24 (95% CI 0.66 to 2.31; p=0.501) for infection with G. duo-
denalis. In other words, cancer patients were 1.24 times more
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Study name Sta�s�cs for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit

Rudrapatna, 1997 0.031 0.022 0.044
Menon, 1999 0.060 0.019 0.170
Togeh, 2000 0.138 0.101 0.185
Tasova, 2000 0.068 0.041 0.112
Gharavi, 2003 0.170 0.117 0.241
Robinson, 2006 0.035 0.027 0.045
Monsef, 2008 0.058 0.032 0.102
Idris, 2010 0.100 0.014 0.467
Hazra�-Tappeh, 2011 0.079 0.040 0.150
El-Mahallawy, 2011 0.052 0.031 0.086
Sulzyc-Bielicka, 2012 0.011 0.001 0.077
Al-Qoba�, 2012 0.180 0.133 0.239
Jiménez-Cardoso, 2013 0.026 0.007 0.098
Durak, 2013 0.148 0.114 0.190
El-Mahallawy, 2013 0.146 0.087 0.235
Berenji, 2013 0.180 0.113 0.274
Bora, 2016 0.200 0.066 0.470
Silva, 2016 0.086 0.039 0.178
Abdul Hussein, 2017 0.189 0.125 0.275
Berahmat, 2017 0.030 0.011 0.078
Mohammadi, 2017 0.020 0.005 0.076
Esteghama�, 2018 0.024 0.006 0.090
Jeske, 2018 0.164 0.095 0.267
Toychiev, 2018 0.100 0.065 0.150
Taghipour, 2018 0.100 0.014 0.467
Salehi, 2018 0.007 0.001 0.046
Izadi, 2019 0.035 0.011 0.102
El-Badry, 2019 0.015 0.004 0.057
Ghoyounchi, 2019 0.030 0.011 0.078
Akgul, 2020 0.263 0.165 0.392
Banihashemi, 2020 0.020 0.008 0.047
Mahmoudi, 2020 0.001 0.000 0.022

0.069 0.050 0.093

-1.00 -0.50 0.00 0.50 1.00

Figure 2. The estimated pooled prevalence of G. duodenalis infection in cancer patients.

exposed to G. duodenalis infection than healthy controls,
although this association was not statistically significant
(Figure 3). Regarding case–control studies, the heterogeneity
analysis showed that there was relatively high-level heterogene-
ity in our meta-analysis (Q=20.580, I2=65.9%, p=0.004).

Sensitivity analysis
The sensitivity analysis illustrated that by ignoring each of the
eight studies with ORs, there was no significant change in the

final OR and, again, immunodeficiency due to cancer was not
a statistically significant risk factor for G. duodenalis infection
(Supplementary File 2).

Subgroup analysis of G. duodenalis infection in
different examined groups
The results of the subgroup analyses are shown in Table 3. The
estimated pooled prevalence of giardiasis, on a country basis,
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Study name Sta�s�cs for each study Infected / Total Odds ra�o and 95% CI

Odds Lower Upper 
ra�o limit limit p-Value Cases Controls

Tasova, 2000 2.844 1.005 8.049 0.049 14 / 206 5 / 200

Gharavi, 2003 1.590 0.675 3.747 0.289 24 / 141 8 / 70

El-Mahallawy, 2011 0.763 0.242 2.404 0.644 14 / 271 4 / 60

El-Mahallawy, 2013 0.898 0.406 1.988 0.791 13 / 89 16 / 100

Berahmat, 2017 2.031 0.366 11.285 0.418 4 / 132 2 / 132

Toychiev, 2018 0.583 0.321 1.060 0.077 20 / 200 32 / 200

Akgul, 2020 4.235 1.604 11.181 0.004 15 / 57 7 / 90

Mahmoudi, 2020 0.064 0.004 1.105 0.059 0 / 362 8 / 399

1.240 0.663 2.318 0.501

0.01 0.1 1 10 100

Protec�ve Risk factor

Figure 3. A meta-analysis of the association of cancer patients and G. duodenalis infection using random effects analysis.

is shown in Figure 4. In brief, according to continent and WHO
region, the highest prevalence was reported in South America
(12.20% [95% CI 3.90 to 32.10]) and the European Union re-
gion (EUR) (10.60% [95%CI 5.30 to 20.0]), respectively (p<0.001)
(Supplementary Files 3 and 4). Ameta-analysis of studies on can-
cer patients according to publication year illustrated that G. duo-
denalis infection demonstrated a decreasing trend of frequency,
ranging from 17.0% (95% CI 11.70 to 24.10) between 2001 and
2005 to 5.80% (95% CI 3.70 to 8.90) between 2016 and 2020
among cancer patients worldwide (Supplementary File 5). With
regard to country income, the highest and lowest prevalences
were related to low-income countries (8.10% [95% CI 2.70 to
22.10]) and high-income countries (1.10% [95% CI 0.10 to 7.70]),
respectively (Supplementary File 6). Regarding cancer types, the
highest weighted prevalence of G. duodenalis infection was re-
ported from patients with HMs (9.90% [95% CI 4.20 to 21.70]),
while patients with CRC had the lowest pooled frequency of in-
fection (5.20% [95% CI 1.30 to 19.0]) (Supplementary File 7).

Meta-regression
Our meta-regression results did not report a statistically signifi-
cant association between the prevalence of G. duodenalis infec-
tion in cancer patients and quantitative variables such as pub-
lication year, sample size and HDI. Therefore the year of study
(regression coefficient −0.0135, p=0.578), sample size (regres-
sion coefficient −0.0007, p=0.074) and HDI (regression coeffi-
cient −1.6263, p=0.419) were not considered as a cause of vari-

ability in the results of Giardia infection rate in cancer patients
(Figure 5).

Publication bias
There was no significant publication bias in the present system-
atic review and meta-analysis (p=0.221) (Figure 6).

Discussion
A prevalence rate of 0.4–30% is estimated for Giardia infection
in immunocompetent hosts,10,11 while there is no available infor-
mation regarding the total prevalence and likely pathogenicity of
G. duodenalis in immunocompromised people, especially in can-
cer patients. Therefore we conducted the present systematic re-
view and meta-analysis to elucidate the prevalence and risk fac-
tors of G. duodenalis infection among cancer patients worldwide.
Also, the association of immunodeficiency status with the para-
sitic infectionwas evaluated by estimation of a pooled OR derived
from case–control studies.
A relatively moderate worldwide prevalence (6.9%) of Giar-

dia infection in cancer patients was the principal finding of the
present review. Moreover, cancer patientswere shown to be 1.24-
foldmore susceptible andwere at a higher risk of infection, which
should alert physicians to the possible consequences. Due to the
lack of previous meta-analyses on the pooled prevalence and/or
weighted OR estimation of intestinal parasites in cancer patients,
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Table 3. Subgroup analysis of the prevalence of G. duodenalis infection based on publication year, country income, continent, WHO region,
country and cancer type

Subgroup variable Prevalence, % (95% CI) Heterogeneity (Q) I2 (%) p-Value

Publication year
≤2000 6.60 (3.0 to 13.90) 40.206 92.5 <0.001
2001–2005 17.0 (11.70 to 24.10) – – >0.999
2006–2010 5.10 (1.90 to 13.10) 3.441 41.9 0.179
2011–2015 9.40 (5.40 to 16.10) 35.443 80.3 <0.001
2016–2020 5.80 (3.70 to 8.90) 94.629 84.1 <0.001

Country income
Low 8.10 (2.70 to 22.10) 65.345 98.5 <0.001
Lower-middle 6.70 (3.30 to 13.10) 39.931 87.5 <0.001
Upper-middle 7.10 (4.90 to 10.20) 118.307 81.4 <0.001
High 1.10 (0.10 to 7.70) – – >0.999

Continent
Africa 5.0 (2.20 to 11.10) 25.388 88.2 <0.001
Asia 6.60 (4.50 to 9.60) 152.255 86.9 <0.001
Europe 10.60 (4.60 to 22.50) 22.172 86.5 <0.001
North America 2.60 (0.70 to 9.80) – – >0.999
South America 12.20 (3.90 to 32.10) 1.917 47.8 0.166

WHO region
AFR 3.50 (2.70 to 4.50) – – >0.999
AMR 8.50 (3.20 to 20.30) 7.124 71.9 0.028
EMR 6.30 (4.30 to 9.20) 118.138 84.8 <0.001
EUR 10.60 (5.30 to 20.0) 23.998 83.3 <0.001
SEAR 7.10 (2.50 to 18.40) 10.468 80.9 0.005
WPR 6.0 (1.90 to 17.0) – – >0.999

Country
Brazil 12.20 (3.80 to 32.60) 1.917 47.8 0.166
Egypt 5.80 (2.10 to 14.90) 13.872 85.6 0.001
India 6.70 (1.90 to 20.70) 9.414 89.4 0.002
Indonesia 10.0 (1.40 to 46.70) – – >0.999
Iran 5.0 (3.0 to 8.10) 79.128 83.6 <0.001
Iraq 18.90 (12.50 to 27.50) – – >0.999
Malaysia 6.0 (1.90 to 17.0) – – >0.999
Mexico 2.60 (0.70 to 9.80) – – >0.999
Poland 1.10 (0.10 to 7.70) – – >0.999
Turkey 14.20 (5.90 to 30.40) 15.380 87 <0.001
Uganda 3.50 (2.70 to 4.50) – – >0.999
Uzbekistan 10.0 (6.50 to 15.0) – – >0.999
Yemen 18.0 (13.30 to 23.90) – – >0.999

Cancer type
CRC 5.20 (1.30 to 19.0) 4.763 79 0.029
HM 9.90 (4.20 to 21.70) 16.375 81.7 0.001
Mixed 6.50 (4.50 to 9.30) 240.634 89.6 <0.001

accurate inference and comparison of the results are problem-
atic. In a similar study on Blastocystis, a zoonotic intestinal agent,
a weighted frequency of 9% was obtained in cancer patients.67
This higher prevalence in such a susceptible group comparedwith
Giardia infection may be justified by the fact that Blastocystis is
recognized as the most common parasitic agent reported in hu-
man faecal samples.68–70 Also, Kalantari et al.71 reported that
there is a positive association between Cryptosporidium infection

and cancer (OR 3.3 [95% CI 2.18 to 4.98]), consistent with our
findings. Their results revealed that Cryptosporidium is a highly
opportunistic apicomplexan parasite and impaired immunity is
a strong risk factor for this infection. However, our review and
the report by Kalantari et al.71 were based on a limited number
of investigations, hence more extensive studies are required to
yield amore reasonable inference. Regarding publication year, no
specific trend was observed for Giardia infection; accordingly, the
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Figure 4. The global estimated pooled random effects prevalence of cancer patients based on each country for G. duodenalis infection.

prevalence of infection was highest between 2001 and 2005, fol-
lowed by a rapid decline until 2010. Also, the presence of a 4- to
5-y gap between the implementation and publication years com-
plicates the true inference of the results.37,56,64
The estimated pooled prevalence of Giardia infection varied

among geographical regions, with the highest being reported
from the EUR and Iraq, whereas the lowest prevalence was re-
ported from the WHO African (AFR) region and Mexico. However,
evaluation of the prevalence based onWHO regions is not so reli-
able, as countries in a particular region may demonstrate differ-
ent parameters regarding geographical location or distance. In
terms of continents, South America and North America showed
the highest and lowest prevalence rates, respectively. However,
most of the studies on Giardia prevalence in cancer patients were
related to the Asian continent and there are very limited reports
from other continents. The different weighted frequency of the
infection among global regions results from the number of stud-
ies, geographical differences, treatment stage at the time of sam-
pling and the sensitivity of diagnostic methods. In addition, the
greater was a country’s income, the lower was the prevalence
of Giardia infection; accordingly, the highest pooled prevalence
rates were in low-income countries. Interestingly, the only high-
income country included in our review was Poland,63 which does
not appropriately represent the true prevalence of the infection
in a given subgroup. At first glance, the weighted prevalence of
infection in African nations was expected to be equal to that
in low-income countries, while a closer look showed that since
some Asian countries, for example, Yemen,66 are included in the
low-income group, the prevalence of giardiasis in African nations
varies from low-income ones. In addition, some African countries
such as Egypt52–54 are not included among low-income nations,
which causes a difference in the weighted prevalence.
Interestingly, theweighted prevalence of giardiasis was higher

among patients suffering from HMs compared with CRC patients

as well as those individuals with mixed cancers. The same locale
for both CRC and Giardia may direct one’s mind to the higher
prevalence of infection among CRC patients, but this informa-
tion was not supported by obtained evidence in the present re-
view. Generally culture and microscopic methods are considered
as the gold standard diagnostic technique for giardiasis.18 How-
ever, increasing utilization of molecular tests demonstrates that
the direct method of DNA extraction from stool samples is very
sensitive for accurate diagnosis of this parasitic infection.72 Cer-
tainly the limited number of studies and different sensitivities and
specificities of methods have caused bias,73–75 and the method-
based prevalence was not provided in the present review due to
the unreliability of data. There was no significant publication bias
(p=0.221) based on the included papers in the present review,
indicating that published studies are a representative sample of
the available evidence.
In total, the present systematic review and meta-analysis

showed some strengths: evaluation of the pooled frequency of
the G. duodenalis infection among 7024 cancer patients from 13
different countries on five continents, estimation of pooled ran-
dom effects ORs of Giardia infection in cancer patients compared
with control groups and subgroup analysis regarding publication
year, continent, country,WHO region, country income and cancer
type. However, the present review had some limitations: a lack
of prevalence studies in several countries, the absence of suf-
ficient molecular studies investigating the prevalence of Giardia
infection, not including various risk factors such as age and sex
in some studies, including some studies with very small sample
sizes and a lack of adequate studies on the prevalence of Giardia
infection in patients with various cancer types. The lack of studies
obviously biased our results; for example, the global weighted OR
reported here was only inferred from eight studies in four differ-
ent countries. Furthermore, the pooled prevalence of the infec-
tion estimated in the present review (6.9%) was approximately
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Figure 5. The meta-regression shows an absence of a statistically significant association between the prevalence of G. duodenalis infection in cancer
patients and quantitative variables such as (A) publication year, (B) sample size and (C) HDI.
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Figure 6. Funnel plot showing the absence of publication bias among the included studies (p=0.221).

based on the microscopic method. This was not a surprising find-
ing, since Giardia can be easily detected by its uniquemorphology
in infected stool specimens. However, with the increasing use of
molecular studies, more aspects of Giardia epidemiology in can-
cer patients can be identified. Inevitably, these limitations would
have a substantial impact on the prevalence status of giardiasis
in cancer patients that should not be ignored. With all these limi-
tations, the present work tried to show a clear estimate of Giardia
infection prevalence in cancer patients based on the current sta-
tus of science, which may be elucidated in the near future by the
implementation of extensive research.

Conclusions
To the best of our knowledge this is the first systematic review
and meta-analysis showing a general overview of G. duodenalis
infection prevalence and associated risk factors among cancer
patients globally. The results indicated a mild prevalence in such
at-risk patients, although based on the weighted OR, the immun-
odeficiency status of the examined hosts was not a statistically
significant risk factor for Giardia infection. Our results demon-
strated that the immunodeficiency status of cancer patients is a
possible risk factor for acquiring Giardia infection, which requires
strict preventive measures. Altogether, with the limited number
of studies, it was not possible to accurately investigate the as-
sociation between the prevalence of Giardia infection and a pa-
tient’s immunodeficiency status. Achieving this goal will require
more extensive cohort and case–control studies, particularly in
neglected areas of the world.
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Supplementary data are available at International Health online.
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