
 

Original Article 
 
Prevalence and molecular identification of protozoan parasites in cancer patients in 
Jordan 
 
Rashed Almashakbeh1, Nawal Hijjawi1, Haya Abu Suilike1, Maher Sughayer2, Ali Al-Radaideh3,4 
 
1 Department of Medical Laboratory Sciences, Faculty of Applied Medical Sciences, The Hashemite University, Zarqa, Jordan 
2 King Hussein Cancer Center, Amman, Jordan 
3 Department of Medical Radiography, College of Health Sciences, University of Doha for Science and Technology, Doha, Qatar 
4 Department of Medical Imaging, Faculty of Applied Medical Sciences, The Hashemite University, Zarqa, Jordan 
 
Abstract 
Introduction: Parasitic infections are prevalent in developing countries, and cancer patients with weakened immune systems are particularly 
vulnerable. This study examined the prevalence of protozoan parasites among cancer patients.  
Methodology: A total of 300 stool and heparinized plasma samples were collected from cancer patients at the King Hussien Cancer Center 
(KHCC). Cryptosporidium, Giardia duodenalis, and Blastocystis were detected by microscopy. Immunodiagnostic tests included 
electrochemiluminescence immunoassay (ECLIA) for Toxoplasma gondii IgG and IgM antibodies in plasma samples, and the ImmunoCard 
STAT Cryptosporidium/Giardia Kit for G. duodenalis and Cryptosporidium detection in stool. DNA extraction from stool samples was 
followed by nested polymerase chain reaction (PCR) to confirm the presence of intestinal parasites.  
Results: Toxoplasma gondii, Cryptosporidium, G. duodenalis, and Blastocystis were detected. T. gondii was found in 22% of patients via IgG 
antibodies and in 2.7% via IgM, with the highest IgG seropositivity in multiple myeloma and uterine cancer patients (50%), and the highest 
IgM seropositivity in multiple myeloma patients (12.5%). The prevalence of Cryptosporidium varied depending on the detection method: 8.3% 
by microscopy, 11% by immunodiagnostic tests, and 12.3% by PCR. The highest infection rate was among colorectal cancer (CRC) patients. 
Giardia duodenalis was detected at rates of 1.7% by microscopy, 2.0% by immunodiagnostic testing, and 0.7% by PCR. Blastocystis was most 
prevalent in CRC patients, with detection rates of 31.0% by microscopy and 48.3% by PCR. 
Conclusions: This study highlights the significance of protozoan parasitic infections among cancer patients, emphasizing the need for screening 
and management to improve patient outcomes. 
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Introduction 

The prevalence of parasitic infections varies 
significantly across different regions, with particularly 
high rates observed in developing countries. Globally, 
approximately 3.5 billion individuals are affected by 
intestinal parasitic infections, leading to around 
200,000 deaths annually. In developing countries, 
prevalence rates range from 30% to 60%, particularly 
in tropical and subtropical areas, where socioeconomic 
factors and hygiene practices play a critical role in 
infection rates [1,2]. 

Cancer patients are at a higher risk of developing 
opportunistic infections due to their weakened immune 
systems, which results from both the disease itself and 
the treatments they receive, such as chemotherapy and 
radiation therapy. These infections can be caused by 
bacteria, viruses, fungi, and parasites [3]. 

Parasitic infections have significant public health 
implications, offering valuable insights into their 
epidemiology in specific regions [4]. They are 

recognized as opportunistic infections in cancer 
patients, as well as in immunocompromised and 
transplant patients, often leading to prolonged and 
sometimes fatal diarrhea [5]. 

The most common parasites in cancer patients 
include Giardia duodenalis, Cryptosporidium parvum, 
Cyclospora cayetanensis, Toxoplasma gondii, 
Entamoeba histolytica, Blastocystis, Cyclospora belli, 
and Strongyloides stercoralis [6–8]. 

Despite limited research, existing data indicate that 
parasitic infections are common in both urban and rural 
areas in Jordan [9]. The burden of parasitic diseases on 
cancer patients in Jordan remains a significant yet 
unexplored public health issue, with few studies 
addressing their prevalence and impact in this 
vulnerable group.  

A previous study on the seroprevalence of T. gondii 
in cancer patients reported an IgG seroprevalence at 
39.5% and an IgM seroprevalence at 12.2% [10]. In the 
case of Cryptosporidium, a higher prevalence was 
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reported in pediatric oncology patients (14.4%) 
compared to non-oncology pediatric patients (5.1%) 
[11]. However, no studies investigated the prevalence 
of other protozoan parasites, such as Giardia 
duodenalis and Blastocystis in cancer patients in 
Jordan. 

The presence of parasitic infections can complicate 
treatment outcomes and further compromise the health 
of cancer patients. Understanding the prevalence and 
types of these infections in this population is crucial for 
improving clinical care and developing effective 
preventive strategies.  

This study aimed to investigate the prevalence of 
protozoan parasitic infections among patients at King 
Hussein Cancer Center (KHCC) in Amman, Jordan. 
Additionally, it sought to identify the most common 
parasites affecting this population and examine 
demographic factors, such as age, gender, and cancer 
type, associated with these infections. 

 
Methodology 
Ethics statement and sample collection 

This cross-sectional study was conducted between 
June and December 2023 and was approved by the 
Institutional Review Board (IRB) of the Hashemite 
University (Ethics permit No. 25/2/2022/2023) in 
collaboration with the King Hussein Cancer Center 

(KHCC) in Amman, Jordan (Ethics permit No. 23 
KHCC 28).  

A total of 300 diarrheal stool samples and 300 
heparinized plasma samples were collected from the 
same 300 cancer patients at the Medical Laboratory 
Department of KHCC, using a leftover sampling 
approach that eliminated the need for written consent 
[12]. Inclusion criteria comprised cancer patients 
presenting with diarrhea who attended KHCC and 
provided both stool and plasma samples during the 
study period. Patients were excluded if their medical 
records were incomplete or if their samples were 
insufficient in quantity or quality for analysis. Table 1 
presents the demographic and clinical characteristics of 
the 300 cancer patients included in the study, including 
age, gender distribution, and type of cancer. 

 
Direct wet mount, staining, and microscopic 
examination 

Direct wet mount, staining, and microscopic 
examination were performed on all fecal samples to 
detect G. duodenalis and other motile protozoan 
parasites. For wet mount preparation, 2 mg of fresh, 
unpreserved stool sample was placed on a glass slide 
using a wooden stick and emulsified with a drop of 
physiological saline (0.85%). The sample was then 
examined under a microscope, starting with the 10x 
objective lens and progressing to the 40x and 100x 
objective lenses for detailed observation [13]. 

A modified acid-fast staining procedure was used to 
detect Cryptosporidium oocysts. An air-dried smear 
was prepared with 1 to 2 drops of the collected stool 
sample, fixed in methanol for 30 seconds, and stained 
with carbol fuchsin for 3–5 minutes. The smear was 
gently heated to help the dye penetrate the thick cell 
wall of acid-fast organisms. The smear was rinsed with 
tap water, decolorized with acid-alcohol for 15–20 
seconds, and then stained with methylene blue. The 
stained, dried slides were labeled and examined under a 
light microscope Olympus CH40/RF200 (Olympus, 
Tokyo, Japan) using a 100x oil immersion lens to detect 
Cryptosporidium oocysts. 

The trichrome staining method was used to detect 
Blastocystis, and involved several key steps. First, a 
thin smear of the stool sample was spread on a clean 
glass slide and allowed to air dry. The slide was then 
fixed with a sodium acetate-formalin solution to 
preserve the morphology of the parasites. After 
fixation, it was immersed in 70% ethanol for 5 minutes. 
Next, the slide was stained with trichrome stain for 10 
minutes to differentiate the parasitic structures. Finally, 
the slide was rinsed thoroughly to remove any excess 

Table 1. Demographic and clinical characteristics of cancer 
patients included in the study . 
Characteristics Number of patients 
Gender  
Male 162 
Female 138 
Age group (years)  
< 20 76 
21–30 30 
31–40 30 
41–50 42 
> 51 122 
Cancer type  
Lymphoma 44 
Leukemia 38 
Breast cancer 33 
Colon cancer 32 
Colorectal Cancer CRC 29 
Lung cancer 18 
Bone marrow disorders 12 
Ovarian cancer 10 
Bladder cancer 9 
Multiple myeloma 8 
Endometrial cancer 7 
Rectal cancer 6 
Stomach and gastric cancer 6 
Brain tumor 6 
Prostate cancer 5 
Pancreatic cancer 5 
Uterine cancer 4 
Thyroid cancer 3 
Kidney cancer 3 
Others 22 
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stain. Further dehydration of the slide was achieved by 
immersing it in 100% ethanol for 3 consecutive 5-
minute steps. The slide was then cleared by submerging 
it in xylene. After dehydration, the slide was mounted 
with a coverslip using an appropriate mounting 
medium. The stained slides were examined under a 
light microscope (Olympus CH40/RF200 (Olympus, 
Tokyo, Japan) with a 100x oil immersion lens to detect 
the presence of Blastocystis. 

 
ImmunoCard STAT Cryptosporidium/Giardia rapid 
assay 

The ImmunoCard STAT Cryptosporidium/Giardia 
is a qualitative immunochromatographic assay that uses 
specific monoclonal antibodies to detect 
Cryptosporidium and G. duodenalis antigens. In this 
study, the ImmunoCard STAT 
Cryptosporidium/Giardia Rapid Assay Kit (Meridian 
Bioscience, Boxtel, The Netherlands) was used 
following the manufacturer's instructions. Briefly, 2 
drops of the sample treatment buffer were added to a 
dilution tube, followed by 60 μL of the diluted fecal 
sample. Then, 2 drops each of conjugate A and B were 
added. The suspension was gently mixed by manual 
swirling and transferred to the test cartridge. The results 
were observed after 10 minutes. The result was 
considered positive if both the organism and control 
lines showed gray-black bands, regardless of color 
intensity. It was considered negative if only the control 
line exhibited a gray-black band. The test was deemed 
invalid if the control line did not appear. 

 
Electrochemiluminescence immunoassay (ECLIA) for 
the detection of T. gondii IgG and IgM 

T. gondii IgG and IgM were tested in all heparinized 
plasma samples using the Roche Cobas® 801e 

Automated Analyzer (Roche Diagnostics, Mannheim, 
Germany) following the manufacturer’s instructions. 
The total assay duration was 18 minutes, as described 
below: (1) In the first incubation step, 10 µL of the 
sample was automatically pre-diluted at a 1:20 ratio 
using the Elecsys universal diluent. The T. gondii-
specific recombinant antigen labeled with a ruthenium 
complex was then added. If the sample contained anti-
T. gondii IgG and IgM antibodies, they reacted with the 
ruthenium labelled T. gondii-specific recombinant 
antigen. (2) In the second incubation step, biotinylated 
monoclonal h-IgM-specific antibodies and 
streptavidin-coated microparticles were added, 
allowing the complex to bind to the solid phase through 
the biotin-streptavidin interaction. (3) The reaction 
mixture was aspired into a measuring cell, where the 
microparticles were magnetically captured onto the 
electrode surface. Unbound substances were removed 
with ProCell washing buffer  (Roche Cobas, Basel, 
Switzerland). A voltage was then applied to the 
electrode, stimulating chemiluminescent emission, 
which was measured by a photomultiplier. The results 
were analyzed using the Elecsys software, which relied 
on a calibration curve generated through a 2-point 
calibration and a master curve provided via the reagent 
barcode or e-barcode.  

 
DNA extraction and nested PCR 

Freshly collected stool samples were preserved in 
2.5% potassium dichromate. Before DNA extraction, 
the samples were washed 3 times with 10% phosphate-
buffered saline (PBS) and centrifuged at 2000 x g for 2 
to 3 minutes to remove any residual potassium 
dichromate. The stool specimens were then subjected to 
5 cycles of freezing and thawing using liquid nitrogen 
to facilitate DNA release. Total DNA was extracted 

Table 2. Primer design targets for Cryptosporidium. 
Gene  Name Primer sequence (5` to 3`) Annealing (°C) Amplicon size (bp) 

18SrRNA 
1st primer set Cryp_F1 TTCTAGAGCTAATACATGCG 58.7 1,325 Cryp_R1 CCCATTTCCTTCGAAACAGGA 

2nd (nested) primer set Cryp_F2 GGAAGGGTTGTATTTATTAG ATAAA 59.7 819–825 Cryp_R2 AAGGAGTAAGGAACAACCTCC 
 
Table 3. Primer design targets for Giardia duodenalis. 

Gene  Name Primer sequence (5` to 3`) Annealing (°C) Amplicon size (bp) 

β-giardin 
1st primer set Giardia_bg_F1 AAGCCCGACGACCTCACCCGCAGTGC 69 753 Giardia_bg_R1 GAGGCCGCCCTGGATCTTCGAGACGAC 

2nd (nested) primer set Giardia_bg_F2 GAACGAGATCGAGGTCCG 62 511 Giardia_bg_R2 CTCGACGAGCTTCGTGTT 
 
Table 4. Primer design targets for Blastocystis. 

Gene  Name Primer sequence (5` to 3`) Annealing (°C) Amplicon size (bp) 

18SrRNA 
1st primer set Blast_ssu_F1 GTAACGAAGAATTTGGGTTCG 56.5 760 Blast_ssu_R1 CAGCCTTGCGACCATACTC 

2nd (nested) primer set Blast_ssu_F2 GGAGGTAGTGACAATAAATC 53.5 480 Blast_ssu_R2 TGCTTTCGCATWGTTCATC 
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using the DNeasy® PowerSoil® Pro Kit (Qiagen, 
Hilden, Germany) according to the manufacturer's 
protocol. The extracted DNA was stored at - 80 ºC until 
further analysis.  

Samples positive for parasitic infections, including 
Cryptosporidium, G. duodenalis, or Blastocystis (n = 
42), along with 50 parasite-negative control samples, 
were screened at the 18S ribosomal RNA gene locus for 
Cryptosporidium and Blastocystis, and at the β-giardin 
gene locus for G. duodenalis. Parasite identification 
was performed via nested PCR which was performed 
using the QiAmplifier 96 thermal cycler (Qiagen, 
Germany). The PCR amplicons were analyzed by 1% 
agarose gel electrophoresis. The list of primers used for 
parasite detection is provided in Tables 2, 3, and 4. 

 
Statistical analysis 

Statistical analyses were conducted using Microsoft 
Excel 365 for data management and IBM SPSS 
Statistics software version 29.0 [14] for in-depth 
statistical evaluation. Prevalence rates were calculated 
for each variable, and demographic factors were 
analyzed to assess potential associations with parasitic 
infections. The Chi-square (χ²) test was used to 
determine the significance of differences in prevalence 
across categorical variables, and p values were 
calculated to assess statistical significance. A threshold 
of p < 0.05 was considered statistically significant. This 
approach ensured a rigorous analysis of demographic 
influences on infection prevalence, allowing for a 
robust interpretation of the findings. 

 
Results 
Cryptosporidium isolates 

Cryptosporidium was detected using three different 
methodologies. Microscopic examination of all 
collected stool samples after employing the modified 
acid-fast stain, revealed a prevalence of 8.3% (n = 
25/300) (Figure 1). The prevalence was 11% (n = 
33/300) using the ImmunoCard STAT! 

Cryptosporidium/Giardia Rapid Assay Kit, while 
nested PCR detected a higher prevalence of 12.3% (n = 
37/300) (Figure 2). 

The highest infection rates among all diagnostic 
methods were observed in patients with colorectal 
cancer (CRC) and colon cancer. Specifically, CRC 
patients had infection rates of 27.6% (n = 8/300) by 
PCR, 24.1% (n = 7/300) by ImmunoCard STAT, and 
20.7% (n = 6/300) by the modified acid-fast stain. 
Notably, no Cryptosporidium infections were detected 
in patients with multiple myeloma, bladder, uterine, 
thyroid, or kidney cancers.  

 
Prevalence of Cryptosporidium by gender and age  

The study results indicated that the prevalence of 
Cryptosporidium was slightly higher among females 
compared to males; however, the difference was not 
statistically significant (p > 0.05). Additionally, data 
analysis revealed a significantly higher incidence of 
cryptosporidiosis in younger patients (< 20 years) (p < 
0.05).   

Among the 300 stool samples analyzed for 
Cryptosporidium infection using PCR, 
immunodiagnostic testing, and modified acid-fast 
staining, 23 samples tested positive by all three 
methods. An additional 9 samples were positive by both 
PCR and immunodiagnostic testing only. Five samples 
were positive exclusively by PCR, two samples were 
positive only by modified acid-fast staining, and one 
sample tested positive solely by the immunodiagnostic 

Figure 1. Cryptosporidium oocysts stained with modified acid-fast 
stain, viewed under a light microscope (Olympus CH40/RF200 
(Olympus, Tokyo, Japan)) with a ×100 oil immersion lens.   

Figure 2. Agarose gel electrophoresis (AGE) image of the PCR 
products of Cryptosporidium DNA samples. The DNA bands were 
visualized under UV light after staining with ethidium bromide. 
Lane 1: DNA ladder. Lanes 5 and 7 showed positive results with 
fragment sizes 819–825 bp. 
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method. These findings highlight the partial overlap 
among the diagnostic techniques and emphasize the 
importance of combining multiple diagnostic 
approaches to improve detection accuracy and 
minimize false-negative results. 

 
Toxoplasma gondii isolates 

Toxoplasma gondii antibody assay, performed 
using ECLIA method, revealed that IgG antibodies 
against T. gondii were present in 66 out of 300 cancer 
patients, yielding a prevalence rate of 22%. IgM 
antibodies were detected in 8 out of 300 cancer patients, 
corresponding to a prevalence rate of 2.7%. Among the 
different types of cancer, patients with multiple 
myeloma and uterine cancer exhibited the highest 
seropositivity for anti-T. gondii IgG, with a prevalence 
rate of 50%. Conversely, the lowest seropositivity for 
anti-T. gondii IgG was observed in ovarian cancer 
patients, with a prevalence rate of 10%.  

The highest seropositivity rate for anti-T. gondii 
IgM was detected in patients with multiple myeloma 
(12.5%). In contrast, no IgG or IgM antibodies were 
detected in patients with thyroid, prostate, pancreatic, 
kidney, brain, or endometrial cancer 

 
Prevalence of Toxoplasma gondii by gender and age  

The seropositivity rates for anti-T. gondii IgG were 
18.5% (n = 30/162) in males and 26.1% (n = 36/138) in 

females, while the rates for anti-T. gondii IgM were 
1.9% (n = 3/162) in males and 3.6% (n = 5/138) in 
females. Among the age groups, the highest 
seropositivity was observed in patients aged 31–40 
years. However, Chi-square tests indicated no 
significant differences in T. gondii infection rates across 
genders and age groups (p > 0.05).  

 
Giardia duodenalis 

The prevalence of G. duodenalis among different 
types of cancer was found to be low across various 
diagnostic methods.  The results showed a prevalence 
of 1.7% (n = 5/300) using direct wet mount microscopy 
(Figure 3), 2.0% (n = 6/300) with the ImmunoCard 
STAT Cryptosporidium/Giardia Rapid Assay Kit, and 
0.7% (n = 2/300) by nested PCR (Figure 4). 

Among the samples tested using PCR, 
immunodiagnostic methods, and wet mount 
microscopy, two samples were positive by all three 
diagnostic techniques. Additionally, two samples tested 
positive exclusively by the immunodiagnostic method, 
while one sample was positive only by the wet mount. 
Three samples were found to be positive by both the 
immunodiagnostic method and wet mount microscopy, 
but negative by PCR. These findings demonstrate 
partial overlap among the diagnostic tools and highlight 
variability in sensitivity across methods. 

 
Blastocystis isolates 

The study results indicated a high prevalence of Figure 3. Giardia duodenalis cyst in direct wet mount preparation 
on a light microscope (Olympus CH40/RF200 (Olympus, Tokyo, 
Japan)) with a ×100 oil immersion lens.   Figure 4. Agarose gel electrophoresis (AGE) image of the PCR 

products of Giardia duodenalis DNA samples. The DNA bands 
were visualized under UV light after staining with ethidium 
bromide. Lane 1: DNA ladder. Lanes 4 and 5 showed positive 
results with fragment sizes approximately 511 bp. 
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Blastocystis in CRC patients, with a prevalence rate of 
31.0% (n = 9/29) using trichrome stain and 48.3% (n = 
14/29) using nested PCR (Figure 5). The PCR results 
showed prevalence rates of 9.3% in males and 8.7% in 
females, indicating no statistically significant 
association between the prevalence of Blastocystis and 
either gender or age groups (p > 0.05).  

A total of 27 samples tested positive for Blastocystis 
by PCR, while 16 samples were positive using 
trichrome staining. Of these, 14 samples were positive 
by both methods, indicating concordant results. 
Additionally, 13 samples were detected exclusively by 
PCR, whereas 2 samples were positive only by 
trichrome stain. These findings highlight the higher 
sensitivity of PCR and the partial overlap between 
molecular and microscopic detection methods. 

 
Discussion 

Four major parasites—T. gondii, Cryptosporidium, 
G. duodenalis, and Blastocystis—were identified in 
cancer patients in this study. The seroprevalence of 
anti-T. gondii antibodies was 22.0% for IgG and 2.7% 
for IgM. A previous study in Jordan reported a higher 
IgG prevalence (39.5%) but a similar IgM prevalence 
(2.5%) [10]. Similarly, a study in China found 23.98% 
IgG and 2.25% IgM seropositivity among cancer 
inpatients, indicating that cancer patients have a 
significantly higher T. gondii seroprevalence compared 
to other groups [15]. 

Variations in T. gondii prevalence across studies 
may be due to differences in sample sizes and 
population characteristics. The presence of T. gondii 
IgM antibodies indicates recent infection, which is 
particularly concerning for cancer patients, requiring 
careful monitoring and management to prevent adverse 

outcomes. 
The current study found a higher prevalence of T. 

gondii in females (26.10%) than in males (18.50%), but 
the difference was not statistically significant (p > 
0.05). Previous studies have shown conflicting results, 
with some reporting higher infection rates in females—
possibly due to greater exposure to cat ownership—
while others found higher prevalence in males [16]. A 
systematic review reported significantly higher 
seroprevalence in males (17.52%) than females 
(12.35%) [17], and a study in Jordan also found higher 
rates in males (42.3%) than in females (38%) [10]. 
These variations suggest complex biological, 
behavioral, and environmental factors influencing 
infection, warranting further research. 

In this study, the highest anti-T. gondii IgG 
seropositivity was found in patients with multiple 
myeloma and uterine cancer (50%), while the highest 
IgM seropositivity was observed in multiple myeloma 
patients (12.5%). This may be attributed to intensive 
immunosuppressive treatments recommended for these 
patients, which weaken their immune system and 
increases their susceptibility to opportunistic infections 
and the reactivation of latent T. gondii infections [18]. 

This study did not include IgG avidity testing, 
which is crucial for distinguishing recent from past T. 
gondii infections. All samples positive for specific IgM 
were also positive for IgG; however, without avidity 
assessment, the possibility of false-positive IgM results 
cannot be excluded, particularly in immunosuppressed 
patients such as those with multiple myeloma. 
Additionally, lack of data on blood transfusions 
precluded evaluation of their potential influence on 
serological findings. These factors should be 
considered when interpreting the results, and future 
studies should incorporate avidity testing and detailed 
clinical data for more accurate assessment. 

In this study, Cryptosporidium infection rates 
among cancer patients were 12.3% by PCR, 11% by 
immunodiagnostic methods, and 8.3% by modified 
acid-fast stain; with differences attributed to variations 
in sensitivity and specificity across detection methods 
[19,20]. A study conducted among pediatric oncology 
patients in Jordan reported a higher prevalence (13.8%) 
compared to non-oncology pediatric patients (5.1%) 
[11]. Similarly, a study in Iraq found a higher 
prevalence in cancer patients (17%) than in non-cancer 
patients (3%) [21]. These findings underscore the 
increased susceptibility of cancer patients to 
Cryptosporidium infections, emphasizing the need for 
vigilant monitoring and effective management 
strategies.  

Figure 5. Agarose gel electrophoresis (AGE) image of the PCR 
products of Blastocystis DNA samples. The DNA bands were 
visualized under UV light after staining with ethidium bromide. 
Lane 1: DNA ladder. Lanes 7, 8, 9 and 10 showed positive results 
with fragment sizes approximately 480 bp. 
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This present study found a higher prevalence of 
cryptosporidiosis in females (14.5%) than in males 
(10.5%), though the difference was not statistically 
significant. Gender-based variations in 
Cryptosporidium prevalence have been reported in 
different studies, with some, like a study in Cameroon, 
showing higher infection rates in females (5.36%) than 
males (3.57%) [22]; while others, such as a study in 
Jordan, found higher prevalence in males among 
hemodialysis patients [23]. These findings suggest no 
clear association between Cryptosporidium infection 
and gender, warranting further research to clarify 
potential correlations. 

A systematic review and meta-analysis found the 
highest prevalence of Cryptosporidium infection in 
individuals under 18 years [24], aligning with this 
study's findings of a significantly higher incidence in 
patients under 20 years. Similarly, a study in Iraq 
reported higher prevalence in individuals under 20 
years and those over 51 years [21]. Increased infection 
rates among younger individuals may be due to poor 
hygiene; exposure to contaminated water, surfaces, and 
soil; and contact with infected animals. 

This study found the highest prevalence of 
Cryptosporidium in CRC patients (27.6%), consistent 
with findings from Iran (42.5%) [25] and China 
(17.24%) [26]. The increased susceptibility in CRC 
patients may be due to tumors and associated 
inflammation compromising the colon’s natural 
protective barriers, making infection more likely.  

This study found a low prevalence of giardiasis, 
with detection rates of 1.7% by wet mount microscopy, 
2.0% by an immunodiagnostic method, and 0.7% by 
PCR. These findings align with previous studies, 
including a meta-analysis reporting a 6.9% prevalence 
in cancer patients [27] and an Iranian study identifying 
G. duodenalis as one of the least prevalent infections in 
this group (2.4%) [28]. While this study found a low 
prevalence of G. duodenalis, some studies have 
reported higher rates, such as a Brazilian study that 
detected G. duodenalis in 17.3% of cancer patients [29]. 
The reduced prevalence observed in this study may be 
attributed to improved public health and hygiene 
practices following the coronavirus disease 2019 
(COVID-19) pandemic, including increased 
handwashing, enhanced food safety measures, and 
better water quality awareness. These factors likely 
contributed to a decline in the transmission of 
foodborne and waterborne pathogens like G. 
duodenalis and Cryptosporidium [30,31]. 

This study found a higher prevalence of 
Blastocystis in CRC patients, with detection rates of 

31.0% by trichrome stain and 48.3% by PCR. These 
results align with previous studies, such as one in 
Poland reporting a 5-fold higher risk of blastocystosis 
in CRC patients (12.15%) compared to controls 
(2.42%) [32], and another in Uzbekistan showing a 
prevalence of 80% [33]. These findings suggest an 
association between Blastocystis and CRC, 
highlighting the importance of routine screening in 
immunocompromised patients. However, a meta-
analysis of 12 studies reported a lower prevalence 
(5.7%) in CRC patients compared to healthy controls, 
indicating variability across studies [34]. The high 
prevalence of Blastocystis in CRC patients may be 
linked to immunosuppression, gut microbiota 
disruption, and mucosal barrier impairment. Further 
research is necessary to clarify this association and its 
clinical significance. 

This study found no significant association between 
Blastocystis positivity and age or gender, consistent 
with findings from North Cyprus and Turkey [35,36], 
where no statistical differences were observed. These 
results suggest that age and gender may not be key 
factors in Blastocystis prevalence, with hygiene 
practices and environmental conditions likely playing a 
more critical role in infection rates. 

The partial overlap in results among PCR, 
immunodiagnostic assays, and microscopy reflects 
differences in the sensitivity and specificity of these 
methods. In the case of Cryptosporidium, 23 samples 
tested positive across all three techniques, while others 
were detected by only one or two. This discrepancy is 
likely due to varying detection thresholds, with PCR 
offering higher sensitivity and the ability to identify 
low-level infections that may be missed by microscopy 
or antigen-based tests. Similar patterns were seen for G. 
duodenalis and Blastocystis, where PCR identified 
more positive samples than wet mount or trichrome 
staining. This highlights the limitations of microscopy, 
particularly in cases of low parasite load or intermittent 
shedding. These findings emphasize the importance of 
using multiple diagnostic tools to improve detection 
accuracy, reduce false negatives, and more accurately 
assess true parasite prevalence. They also underscore 
the need to interpret results in light of each method’s 
analytical strengths and limitations.  

 
Conclusions 

Despite advancements in healthcare, parasitic 
infections remain a significant concern, especially 
among cancer patients. This study reported the presence 
of four parasites (T. gondii, Cryptosporidium, G. 
duodenalis, and Blastocystis) among cancer patients at 
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KHCC. Implementing routine screening, enhancing 
hygiene education, and providing specialized training 
for healthcare providers are crucial for managing these 
infections. Additionally, larger epidemiological studies 
are needed to inform clinical practices and public health 
strategies effectively. 
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