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Cryptosporidiosis, caused by Cryptosporidium species, leads to gastrointestinal issues, especially in immunocompromised 
individuals. Alternative diagnostic methods like PCR and ELISA offer more sensitive and accurate identification of Cryptospo-
ridium in stool samples compared to traditional microscopy. We evaluated the effectiveness of alternative diagnostic methods, 
namely PCR, in identifying Cryptosporidium species in stool samples compared to traditional microscopy. This cross-sectional 
study was conducted from March 15, 2022 to September 15, 2023 at Ramadi Pediatric General Hospital, Ramadi General 
Teaching Hospital, and selected private medical laboratories. It included 320 patients (aged 18–77) with gastroenteritis symp-
toms. Stool samples were collected and analyzed microscopically using various staining methods, including modified Ziehl-
Neelsen and fluorescence techniques. DNA extraction and nested PCR were performed to detect Cryptosporidium spp. Micro-
scopic stool examination revealed a 10% infection rate with Cryptosporidium (32/320 samples), with higher infection rates in 
older adults (23.1% in 74–83 years) and retirees (17.9%). Males (10.2%) and rural residents (10.9%) had higher infection rates. 
Seasonal variation showed the highest rates in April (22.7%). PCR showed greater sensitivity than microscopy, detecting three 
additional positive samples. Diagnostic accuracy of microscopy, compared to PCR, was 90.6%, with high sensitivity (100%) and 
specificity (88%). Concordance between microscopy and PCR was 90.6%, with three discordant cases. Microscopy and PCR 
showed high concordance in diagnosing Cryptosporidium infections, with PCR offering higher sensitivity. The seasonal varia-
tion and higher infection rates in older adults and rural areas suggest environmental factors and compromised immunity contri-
bute to increased susceptibility.  

Keywords: Cryptosporidium; microscopy; PCR; gastroenteritis; prevalence; sensitivity.  

Introduction  
 

Cryptosporidium is a genus of protozoan parasites that has beco-
me an important cause of gastrointestinal illness in humans and ani-
mals. Cryptosporidium is an opportunistic pathogen that causes life-
threatening infections in immunocompromised patients including 
those with HIV/AIDS, cancer patients and organ transplant recipients. 
In immunocompetent hosts, the clinical manifestation is usually self-
limiting diarrhea, but the organism still contributes to significant mor-
bidity and dehydration, particularly in the very young and elderly 
patients. Cryptosporidium has been identified by the World Health 
Organization as one of the leading causes of diarrheal disease world-
wide, particularly in developing countries where sanitation and water 
quality are poor (Helmy & Hafez, 2022; Wang et al., 2023; Balendran 
et al., 2024).  

Cryptosporidium is largely transmitted via the fecal-oral route by 
exposure to contaminated water or food. The parasite's unique ability 
to produce resistant oocysts, which can survive adverse environmen-
tal conditions such as chlorine-treated water, has led to multiple large-
scale waterborne outbreaks attributed to Cryptosporidium. Due to its 
persistent nature and broad host range, timely and accurate diagnosis 
is critical for patient management and also for public health surveil-
lance (Helmy & Hafez, 2022; Khan & Witola, 2023).  

Historically the diagnosis of Cryptosporidium infection has been 
by microscopic examination of stained stool smears. Oocysts can pri-
marily be visualized microscopically using modified Ziehl–Neelsen 
staining and auramine phenol fluorescent staining. Although straight-
forward and inexpensive, they are limited in sensitivity and specifici-
ty, particularly when oocyst concentrations are low or when the ob-
server does not have enough experience. In addition, these methods 
cannot discriminate between species or genotypes, which is an increa-
singly important requirement in epidemiological studies and outbreak 
investigations (Loiola et al., 2021; Khan et al., 2022). Molecular diag-
nostic methods have been developed in order to address these limita-

tions. Of them, polymerase chain reaction (PCR) and nested PCR 
have emerged as sensitive and specific techniques for the identificati-
on and species differentiation of Cryptosporidium species. These ty-
pes of methods target conserved regions of genes, like the 18S rRNA 
gene, and are useful for detecting low levels of parasitic DNA in clini-
cal samples, which can be helpful in clinical settings and research 
settings alike. PCR-based methods are also far more accurate, making 
it possible to detect asymptomatic infections and co-infections that 
would be missed using traditional microscopy methods (Santana 
et al., 2022; Tiffarent et al., 2022).  

Through a comparative analysis of the merits and demerits of the 
two diagnostic methods, this study seeks to assist in the formulation 
of enhanced diagnostic guidelines for Cryptosporidium infection. 
Its aim is also to emphasize promoting molecular methods for routine 
clinical laboratories, especially in cases where fast and accurate diag-
nostics is critical. Molecular diagnostics can be included in routine 
practice alongside conventional testing to develop a holistic approach 
able to facilitate the rapid detection and appropriate management of 
cryptosporidiosis, decreasing disease burden and improving patient 
outcomes (Johansen et al., 2021; Mahmudunnabi et al., 2024; Welde-
mariam et al., 2024). This study aims to compare conventional micro-
scopic techniques versus nested PCR for the detection of Cryptospo-
ridium species in stool samples, especially in patients submitted to in-
testinal biopsies. Microscopy is still the frontline diagnostic method in 
many low-resource settings, but there is a growing awareness about 
the demand for more advanced and reliable diagnostic methodologies 
that can assist in the accurate diagnosis and the designing of specific 
treatment strategies.  
 
Matherials and methods  
 

The study was officially approved by the Scientific Committee of 
the Ramadi Health Directorate. Each participant completed a struc-
tured informal questionnaire covering personal details, symptoms, 
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and water source quality, and provided written informed consent. 
This study was conducted between March 15, 2022, and September 
15, 2023, in the laboratories of Ramadi Pediatric General Hospital, 
Ramadi General Teaching Hospital, and selected private medical la-
boratories.  

A cross-sectional study was carried out on 320 patients of both 
genders, aged between 18 and 77 years, who presented primarily with 
symptoms of gastroenteritis. Two stool samples were collected from 
each participant in airtight containers. A small amount of 0.85% nor-
mal saline was added to the samples, mixed thoroughly, and stored in 
cool boxes until analysis.  

Stool samples were first examined macroscopically for color, con-
sistency, and foreign bodies. Microscopic examination included diect 
wet mount using 0.85% NaCl (to observe motility) and 1% Lugol’s 
iodine (to visualize internal structures), flotation with 33% ZnSO4 for 
negative samples, and modified Ziehl-Neelsen staining. The Ziehl-
Neelsen method used carbol fuchsin with heat, followed by 5% sul-
furic acid and methylene blue as counterstain, allowing Cryptospori-
dium oocysts to appear as pinkish spheres against a blue background. 
Additional staining methods included methylene blue with safranin, 
phenol-auramine fluorescent staining (examined under UV microsco-
py at 400X), and acridine orange staining (excited at 470 nm, emitted 
at 530–650 nm) to detect yeast cells and parasites using fluorescence 
microscopy.  

DNA was extracted from 32 fecal samples using the Presto™ 
Stool DNA Extraction Kit (Geneaid Biotech Ltd., Taiwan). Nested 
PCR was then used to amplify the 18S rRNA gene of Cryptospori-
dium spp., using two sets of primers: 

First round primers: 
SCL1f: 5'-CTGGTTGATCCTGCCAGTAG-3' 
SCL1r: 5'-TAAGGTGCTGAAGGAGTAAGG-3' (1032 bp) 
Second round primers: 
Sc2f: 5'-CAGTTATAGTTTACTTGATAATC-3' 
Sc2r: 5'-CAATACCCTACCGTCTAAAG-3' (212 bp) 
Each 50 μL PCR mixture contained: 25 μL master mix, 5 μL 

DNA template, 2 μL of each primer (forward and reverse), and 16 μL 
PCR-grade water. The thermal cycling conditions for the first round 
included initial denaturation at 94 °C for 5 min, 35 cycles of denatura-
tion at 94 °C for 45 s, annealing at 55 °C for 1 min, extension at 72 °C 
for 1 min, and final extension at 72 °C for 7 min. For the second 
round, the conditions were the same, except the annealing tempera-
ture was set at 58 °C for 45 s.  

The obtained data were analyzed using the Statistical Package for 
the Social Sciences (SPSS) software, version 26. Descriptive statistics 
such as frequencies and percentages were calculated for qualitative 
variables, while means and standard deviations were used for quantit-
ative data. The Chi-square test (χ²) was employed to assess associa-
tions between categorical variables, and a p-value of less than 0.05 
was considered statistically significant. Where applicable, additional 
statistical tests such as ANOVA were used to compare means among 
groups. The results are presented in tables and graphs to facilitate 
interpretation.  
 
Results  
 

Microscopic stool examination results showed a 10% infection 
rate with Cryptosporidium, with 32 out of 320 samples tested posi-
tive, while the majority (90%) tested negative. These results reflect 
the limited prevalence of the parasite when using traditional micro-
scopic diagnostic methods (Table 1).  

Table 1  
Prevalence of Cryptosporidium spp. in stool samples  
based on microscopic diagnosis  

Diagnosis result Number of samples Percentage 
Positive   32   10.0 
Negative 288   90.0 

Total 320 100.0 
 

The distribution of Cryptosporidium infection by age group sho-
wed that the highest infection rate was recorded in the 74–83 age 

group, at 23.1%, followed by the 55–73 age group, at 11.5%. The 18–
36 and 37–54 age groups recorded lower infection rates, at 7.4% and 
7.1%, respectively. These results reflect an increasing infection rate 
with age, which may indicate weakened immunity or greater risk 
factors in older adults (Table 2).  

Table 2  
Distribution of Cryptosporidium spp. infection by age group  

Age group, 
years 

Positive  
cases 

Negative  
cases 

Total  
samples 

Infection  
rate, % 

18–36 10 126 136   7.4 
37–54   6   78   84   7.1 
55–73   7   54   61 11.5 
74–83   9   30   39 23.1 

Total 32 288 320 10.0 
 

The results of the prevalence of Cryptosporidium infection by oc-
cupation indicate that the highest infection rate was recorded among 
retirees at 17.9%, followed by day laborers at 11.8%. The rate was 
lower among employees (7.1%), students (9.6%), and housewives 
(8.5%). These results reflect variations in infection rates according to 
occupation, which may be attributed to differences in environmental 
exposure levels, general hygiene, and working conditions, especially 
among groups considered more vulnerable to sources of pollution 
(Table 3).  

Table 3  
Distribution of Cryptosporidium spp. infection by occupation  

Occupation Positive cases Negative 
cases Total samples Infection rate, % 

Student 5 47 52   9.6 
Officer 6 78 84   7.1 
Housewife 8 86 94   8.5 
Retired 7 32 39 17.9 
Wage Earner 6 45 51 11.8 

Total 32 288 320 10.0 
 

The distribution of Cryptosporidium infections by sex and resi-
dence showed that the infection rate was higher among males 
(10.2%) than females (9.9%). Differences were also evident between 
residential areas, with the infection rate being higher in rural areas 
(10.9%) than in urban areas (8.7%). This disparity in infection rates 
can be attributed to different environmental factors and health conditi-
ons between rural and urban areas, as well as the impact of socioeco-
nomic factors on access to water and sanitation services (Table 4).  

Table 4  
Gender and residency distribution of Cryptosporidium spp.  
positive cases  

Variable Category Positive 
cases 

Negative 
cases 

Total 
samples 

Infection 
rate, % 

Gender male 13 115 128 10.2 
female 19 173 192 9.9 

Residency rural 21 172 193 10.9 
urban 11 116 127 8.7 

 

The distribution of Cryptosporidium cases by month shows that 
the highest incidence rate was in April (22.7%), followed by May 
(12.5%) and June (12.5%), while the lowest incidence rates were in 
March (3.3%) and December (3.4%). These results suggest a seasonal 
effect on the prevalence of the parasite, as cases may be influenced by 
environmental factors such as temperature changes and exposure to 
pollutants in the summer, compared to cooler months when cases 
decrease (Table 5).  

The results of detection of Cryptosporidium in biopsy wash sam-
ples using microscopy and PCR showed that 7 samples were positive 
by both methods (microscopy and PCR), while 15 samples were ne-
gative by both methods. Of the samples that tested negative by micro-
scopy, only 3 were positive by PCR. These results suggest that PCR 
may be more sensitive in detecting Cryptosporidium infection than 
conventional microscopy (Table 6).  

The microscope's diagnostic performance compared to PCR as a 
reference standard showed that the microscope detected 7 true positi-
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ves, 3 false positives, 22 true negatives, and no false negatives. These 
results indicate that the microscope has a high accuracy in identifying 
negative cases and produces accurate positive results in some cases, 
but PCR remains the most accurate method for detecting Cryptospo-
ridium spp. (Table 7).  

Table 5  
Monthly distribution of Cryptosporidium spp. positive cases  
according to seasonality  

Month Positive  
cases 

Negative  
cases 

Total  
samples 

Infection  
rate, % 

February 1 14 15   6.7 
March 1 29 30   3.3 
April 5 17 22 22.7 
May 3 21 24 12.5 
June 4 28 32 12.5 
July 5 42 47 10.6 
August 4 30 34 11.8 
September 2 19 21   9.5 
October 3 20 23 13.0 
November 2 18 20 10.0 
December 1 28 29   3.4 
January 1 22 23   4.3 

Total 32 288 320 10.0 

Table 6  
Detection of Cryptosporidium spp.  
in biopsy wash samples using microscopy and nested PCR   

Sample ID Microscopy result Nested PCR result 
1 Yes Yes 
2 Yes Yes 
3 Yes Yes 
4 Yes Yes 
5 Yes Yes 
6 Yes Yes 
7 Yes Yes 
8 No No 
9 No No 
10 No No 
11 No No 
12 No No 
13 No No 
14 No No 
15 No Yes 
16 No No 
17 No No 
18 No No 
19 No Yes 
20 No No 
21 No No 
22 No Yes 
23 No No 
24 No No 
25 No No 
26 No No 
27 No No 
28 No No 
29 No No 
C1 No No 
C2 No No 
C3 No No 

Table 7  
Diagnostic performance of microscopy  
against nested PCR as reference standard  

Diagnostic category Count 
True Positive (TP)   7 
False Positive (FP)   3 
True Negative (TN) 22 
False Negative (FN)   0 

Total 32 
 

The diagnostic accuracy results of the microscope compared to 
serial PCR showed that the sensitivity was 100% (with a 95% confi-
dence interval (CI) of 59.0% to 100.0%), indicating the microscope's 
high ability to identify positive cases. The specificity was 88.0% (with 
a 95% CI of 68.8% to 97.5%), reflecting the microscope's ability to 
accurately distinguish negative cases. The positive probability index 

(LR) was 8.3% (with a 95% CI of 2.9% to 24.1%), indicating the 
microscope's ability to reliably produce positive results. The positive 
predictive value (PV) was 70.0% (with a 95% CI of 44.7% to 87.1%), 
while the negative predictive value (NPV) was 100% (with a 95% CI 
of 84.6% to 100.0%). The overall diagnostic accuracy was 90.6% 
(with a 95% confidence interval ranging from 75.0% to 98.0%). 
These results demonstrate that the microscope is an accurate and reli-
able diagnostic tool, particularly in identifying negative cases with 
high accuracy in predicting negative outcomes (Table 8).  

Table 8  
Diagnostic accuracy measures of microscopy  
compared to nested PCR  

Statistic Value, % 95% confidence interval 
Sensitivity 100.00 59.04–100.00 
Specificity   88.00 68.78–97.45 
Positive likelihood ratio     8.33 2.88–24.09 
Negative likelihood ratio     0.00 – 
Positive predictive value   70.00 44.66–87.09 
Negative predictive value 100.00 84.56–100.00 
Accuracy   90.62 74.98–98.02 

 

Comparison of microscopy results with PCR-seq results showed 
high concordance in diagnosis, with 10 positive and 22 negative cases 
identified using both microscopy and PCR out of 32 samples. Thus, a 
total of 29 concordant cases (those with the same result obtained by 
both methods) were found, while there were 3 cases that were discor-
dant between the two methods. This indicates a high concordance 
between the two methods for diagnosing Cryptosporidium spp. infec-
tions, with only a few cases showing discordant results (Table 9).  

Table 9  
Summary of microscopy vs. nested PCR results  

Method used Positive cases Negative cases Total 
Microscopy 10 22 32 
Nested PCR 10 22 32 
Concordant (same result) 29 – – 
Discordant   3 – – 

 

The results showed high concordance between microscopy and 
PCR in diagnosing Cryptosporidium spp. Twenty-nine out of 32 ca-
ses were fully concordant between the two methods, representing 
90.6% of the samples. In contrast, there were three discrepant cases 
between the two methods, representing 9.4%. These results indicate 
that there is a high level of concordance between the two methods in 
identifying parasite infection, with only a few cases showing discre-
pancies between them (Table 10).  

Table 10  
Diagnostic concordance between microscopy and nested PCR  

Concordance category Number of cases Percentage 
Fully concordant 29   90.6 
Discordant   3     9.4 

Total 32 100.0 
 
Discussion  
 

The current study sought to identify Cryptosporidium spp. in bi-
opsy-derived fecal samples utilizing conventional microscopy and 
nested PCR. Among the 32 samples, there were 7 true positives (both 
techniques), 3 false positives by microscopy, and 22 true negatives 
but no false negatives. This has shown that nested PCR has a sensitiv-
ity of 100% and specificity of 88% with the classical assays (Hsu 
et al., 2021; De et al., 2022).  

Our study's high sensitivity (100%) is in agreement with Leav et 
al's report, testifying to the sensitivity of nested PCR assays targeting 
the 18S rRNA gene for the detection of Cryptosporidium spp. in fecal 
specimens, particularly those with low oocyst counts. Similarly, Li 
et al. (2023) found that nested PCR was better than microscopy in 
both sensitivity and specificity. This agrees with our results that mole-
cular detection methods show a much higher degree of sensitivity and 
specificity, in particular in clinical scenarios where quick and correct 
diagnosis is critical (Cai et al., 2021; Yue et al., 2021; Li et al., 2023).  
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Fig. 1. Detection of Cryptosporidium by nested PCR, the first round produced 1032bp PCR product, which was subsequently employed  

for the second round as templet, the PCR product were resolved on 1.5% agarose, lane L 100bp DNA step ladder, other lanes different samples  

Microscopy, on the other hand, had a lower positive predictive 
value (PPV = 70%) in our study, although it is cost-effective and wi-
dely used in low-resource settings. The reason for this is probably that 
oocysts are often misidentified, a common finding in microscopic in-
terpretation, especially in resections that carry low parasitic loads. 
This result agrees with the findings of Bogan et al. (2024), which 
confirmed that microscopy frequently produces false-positive results 
that call for trained staff members for reliable assessment (Johansen 
et al., 2021; Robinson et al., 2023; Bogan et al., 2024).  

We have confirmed that modified Ziehl–Neelsen and auramine 
phenol staining can also be used successfully in qualitatively visuali-
zing Cryptosporidium oocysts. Despite their advantages, these me-
thods are inferior to PCR for low parasite concentrations. The agree-
ment between microscopy and PCR of 7 positive cases indicate the 
potential of microscopy as initial screening, reserving PCR for con-
firmation testing (Jaiswal et al., 2022; Ahmed et al., 2023; Sohrabi 
et al., 2023).  

In contrast, Yang et al. (2022), used some different primer sets 
and reported a slightly reduced specificity for PCR (approximately 
85%), which indicates that diagnostic performance depends largely 
on the design of the assay and choice of primers. This disparity illu-
strates the necessity of designing primers with suitable specificity and 
reaction conditions, as employed in the current analysis (Ananthara-
jah et al., 2021; Yang et al., 2022; Groth-Helms et al., 2023).  

Furthermore, biopsy samples rather than stool alone may have 
additionally increased detection sensitivity in our study. Another stu-
dy by Certad et al. (2007) supported this approach, where he descri-
bed that the parasitic DNA is more abundant in tissue biopsy samples 
and more pungent for molecular analysis (Hoffmann et al., 2021; Sri-
rungruang et al., 2022; Rana & Pokhrel., 2023).  

Overall, our results emphasize the complementary role of mole-
cular diagnostics alongside microscopy in identifying Cryptospori-
dium spp., particularly in symptomatic patients. The use of nested 
PCR increases diagnostic accuracy, helps reduce misdiagnosis, and 
supports appropriate clinical management (Santana et al., 2022).  
 
Conclusion  
 

Microscopy and PCR showed strong concordance in diagnosing 
Cryptosporidium infections, with PCR providing higher sensitivity. 
The higher infection rates observed in older adults and rural areas, 
along with seasonal variation, suggest that environmental factors and 
compromised immunity contribute to increased susceptibility, em-
phasizing the need for targeted prevention measures in these vulnera-
ble groups.  
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