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INTRODUCTION                                                                 

Amoebiasis, giardiasis, and cryptosporidiosis 
are common all over the world, and constitute 
an important public health problem especially in 
developing countries. Several factors contribute 
in their widespread epidemiological distribution, 
such as contamination of drinking water and food, 
substructure deficiencies, environmental and climatic 
characteristics, socioeconomic level, educational 
status, nutrition, and clean habits[1-5]. The most 
important route of transmission of the disease is the 
ingestion of infective parasitic stages by consuming 
contaminated water and food. The disease can 
progress asymptomatically or symptomatically with 
complaints of varying severity. Significant medical 
and social problems affecting the quality of life, 
such as diarrhea, malabsorption, bloody stools, and 
loss of workforce, are seen in symptomatic people. 

Although the mortality rate is low in such infections, 
complications that require hospitalization may 
develop in some cases[1-4].

Considering the medical complications resulting 
from intestinal protozoan infections, treatment costs, 
and negative social adaptation, it is critically important 
to quickly and accurately test for the presence of 
possible parasitic agents in individuals with diarrhea, 
taking protective measures, and applying an effective 
treatment[6-8].

Different diagnostic methods such as microscopy, 
coproantigen detection tests, and PCR technique are 
used for the diagnosis of these agents in diarrhea 
cases. In addition to sensitivity, specificity, and 
diagnostic accuracy, other parameters such as ease 
of application, time to obtain the result, cost, and 
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ABSTRACT

Background: Intestinal protozoan infections (IPIs), common all over the world, are an important public 
health problem, especially in developing countries. Different diagnostic methods are used for the diagnosis 
of causative agents in diarrhea cases.
Objective: This study aims to analyze results of direct microscopy, coproantigen detection test, and PCR 
technique in diagnosis of G. intestinalis, E. histolytica/dispar, and Cryptosporidium spp. in stool samples of 
patients with diarrhea.   
Subjects and Methods: Fresh stool samples were collected from 683 patients complaining of diarrhea, 
and simultaneously examined by direct microscopy, commercial rapid diagnostic tests (RDTs) for detection 
of coproantigens, and molecularly using PCR technique. 
Results: The overall detection rate of parasites was 3.7% by direct microscopy, 6.6% by RDTs and 2% 
by PCR technique. Moderate, and weak fits were recorded between direct microscopy and RDTs results 
(Kappa=0.46, P<0.001), and between direct microscopy and PCR technique results (Kappa=0.236, 
P<0.001), respectively. No fit (Kappa=0.108, P=0.001) was recorded between coproantigen detection test 
and PCR technique results.
Conclusion: It was concluded that direct microscopy and RDTs will be the correct approach in the 
first instance in the suspicion of IPIs. Despite high cost of PCR technique, it should be considered in 
differentiation between pathogenic and non-pathogenic amoeba, and genotyping of Cryptosporidium spp.  
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the necessity for trained technical personnel, are 
among the factors affecting the method selection of 
laboratories[8-10].

In this study, it was aimed to analyze and compare 
between the results of direct microscopic examination, 
coproantigen detection, and PCR technique for the 
presence of G. intestinalis, E. histolytica/dispar, and 
Cryptosporidium spp. in stool samples collected from 
patients complaining with diarrhea.

SUBJECTS AND METHODS                                                                 

This retrospective analytical study was carried out at 
Sivas Cumhuriyet University Medical Faculty Hospital, 
during the period from January 2017-December 2021. 

Study design: Included in the study were the test 
results of patients who complained of diarrhea during 
this date range. Stool specimens were simultaneously 
analyzed by direct microscopic examination, 
coproantigen detection, and PCR technique, for the 
presence of protozoan stages in a fresh stool sample 
in the Medical Microbiology Laboratory. Patients not 
tested simultaneously for all three diagnostic tests 
were not included in the study. In addition, repeated 
tests for the same patients were not included in the 
study.

Study sample size: A total of 683 stool samples were 
examined using all three methods. The patients' age 
ranged from one year to 74 years. Among them 331 
(48.5%) were females, and 352 (51.5%) were males. 
The study sample included 454 (66.5%) children, and 
229 (33.5%) adults.

Microscopy: Fresh stool samples were examined 
under a light microscope in two stages using the Native 
(saline)-Lugol method. This microscopic examination 
includes low power examination (X10) using saline 
to detect helminthic ova, and high power (X40) using 
Lugol iodine to detect protozoan cysts. The modified 
Ehrlich-Ziehl-Neelsen (EZN) staining method was 
used to examine all specimens for the presence of 
Cryptosporidium spp.[11]. 

Coproantigen detection tests: Fresh stool 
samples were examined using the qualitative-
chromatographic-immunoassay triple antigen test 
kits Crypto+Giardia+Entamoeba[12] (CerTest Biotec SL, 
Spain). According to the manufacturer’s instructions, 
fecal samples were transferred to the kit’s sample 
collection tubes containing the extraction buffer, and 
mixed to homogenize. Five drops were then dropped 
into a sample well of the test cassette. After 10 min, 
the formation of a colored line in the control (C) region 
on the test strips indicates that the test was correctly 
performed, i.e., valid. The formation of a colored line 
only in the C region is interpreted as negative, and the 

formation of a colored line in the C region and the strip 
region signifies a positive result.

Molecular diagnosis: Stool samples were examined 
using the MAX Enteric Parasite Panel; BD MAX (Becton 
Dickinson, USA) kits[13]. The genetic materials of G. 
intestinalis (ssu rRNA gene), E. histolytica (ssu rRNA 
gene), and Cryptosporidium spp. (Cryptosporidium-
specific DNA fragment) in fresh or formalin-fixed 
stool samples were qualitatively determined using the 
real-time PCR (RT-PCR) technique. Accordingly, ten ul 
vortexed stool sample were transferred to a sample 
buffer tube using a disposable sterile loop. The tubes 
contained 1.5 ml of suitable sample diluent formulated 
to minimize PCR technique inhibition associated 
with stool samples. After the sample buffer tubes 
were inserted in the instrument, further steps were 
performed automatically by the BD MAX. At the end 
of the study, based on internal control and target gene 
region amplification by the BD MAX system software 
program, the test results of the samples for all three 
microorganisms were automatically interpreted as 
positive, negative, or invalid result.

Statistical method: IBM SPSS version 22.0 program 
was used for data statistical analysis. Numerical 
variables are shown as frequency (percentage). The 
chi-square test was used in the evaluation of the data, 
and P<0.05 was considered significant. Concordance 
between the test results of the methods used was 
analyzed by calculating Cohen's Kappa value. Kappa 
value was categorized as <0.20: no fit; 0.21-0.40: weak; 
0.41-0.60: moderate; 0.61-0.80: good; and 0.81-1.00: 
best fit.

Ethical consideration: This study was conducted with 
the approval of the Sivas Cumhuriyet University Non-
Invasive Clinical Research Ethics Committee (Date: 
22.02.2023 and Decision No: 2023-02/16).

 RESULTS                                                                 

Microscopic forms compatible with G. intestinalis 
cysts, E. histolytica/dispar cysts, and Cryptosporidium 
spp. oocysts were detected in stool samples of 18 
(2.7%), 6 (0.9%), and 1 (0.1%), respectively. In addition, 
helminth eggs were detected in 4 (0.6%) samples 
(two of each of E. vermicularis and Taenia spp.) As a 
result of direct microscopic examination, the overall 
detection rate of G. intestinalis, E. histolytica/dispar, 
and Cryptosporidium spp. parasites were amounted to 
be 3.7% (25/683) (Table 1).

Result of coproantigen detection test performed 
for the same samples are presented in table (2). 
Accordingly, antigens of G. intestinalis, E. histolytica/
dispar, and Cryptosporidium spp. were detected in 
35 (5.1%), 4 (0.6%) and 6 (0.9%), stool samples, 
respectively. Result of coproantigen detection test 
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revealed a 6.6% (45/683) overall detection rate of the 
three parasites (Table 2).

Number of PCR technique positive results for the 
three parasites are presented in table (3). The genetic 
materials of G. intestinalis, and Cryptosporidium spp. 
were detected in 9 (1.3%) and 5 (0.7%) samples, 
respectively. E. histolytica/dispar genetic material 
was not detected in any of the samples. The overall 
detection rate of G. intestinalis, E. histolytica/dispar, 
and Cryptosporidium spp. parasites was found to be 
2% (14/683) by PCR technique (Table 3). 

Gender distribution of patients with positive results 
of direct microscopy, coproantigen detection, and PCR 
technique tests are presented in table (4). Of the 331 
female patients included in the study direct microscopy 

was positive in 11 (3.3%), coproantigen detection test 
in 23 (6.9%), and 7 (2.1%) by PCR technique. In the 
352 male patients parasite microscopy was positive 
in 14 (4%), coproantigen detection tests in 22 (6.3%) 
and PCR technique in 7 (2%). There was no statistical 
difference between both genders in terms of the 
positivity of the tests (Table 4).

All three test results were positive for G. intestinalis 
in only one patient's stool sample. No patients with 
positive results in all three tests for E. histolytica/dispar 
and Cryptosporidium spp. were identified. The number 
of patients with compatible results in stool samples was 
determined as 45 (6.6%) for G. intestinalis, 7 (1%) for 
E. histolytica/dispar and 10 (1.5%) for Cryptosporidium 
spp. The overall detection rate for these three agents 
was 9.1% (62/683) (Table 5).

Table 1. Stool samples in which the parasite forms (cyst, trophozoite, oocyst, egg) were detected by microscopic examination.

Microorganism
Child (454) Adult (229) Total (683)

No. (%) No. (%) No. (%)
G. intestinalis
E. histolytica/dispar
Cryptosporidium spp.
E. vermicularis
Taenia spp. 

11 (2.4)

2 (0.4)

1 (0.2)

2 (0.4)

0 (0.0)

7 (3.1)

4 (1.7)

0 (0.0)

0 (0.0)

2 (0.9)

18 (2.7)

6 (0.9)

1 (0.1)

2 (0.3)

2 (0.3)

Total 16 (3.5) 13 (5.7) 29 (4.3)

Table 2. Number of positive stool samples by coproantigen detection test in children and adults.

Microorganism
Child (454) Adult (229) Total (683)

No. (%) No. (%) No. (%)
G. intestinalis
E. histolytica/dispar
Cryptosporidium spp. 

20 (4.4)

2 (0.4)

4 (0.9)

15 (6.6)

2 (0.9)

2 (0.9)

35 (5.1)

4 (0.6)

6 (0.9)

Total 26 (5.7) 19 (8.4) 45 (6.6)

Table 3. Number of positive stool samples identified by PCR technique.

Microorganism
Child (454) Adult (229) Total (683)

No. (%) No. (%) No. (%)
G. intestinalis
E. histolytica/dispar
Cryptosporidium spp.

7 (1.5)

0 (0.0)

4 (0.9)

2 (0.9)

0 (0.0)

1 (0.4)

9 (1.3)

0 (0.0)

5 (0.7)

Total 11 (2.4) 3 (1.3) 14 (2.0)

Table 4. The correlation of positive results of microscopy, coproantigen detection, and PCR technique tests with patient gender.

Tachnique
Female (331) Male (352) Total (683) Statistical analysis

No. (%) No. (%) No. (%) P value
Microscopy
Coproantigen detection
PCR technique

11 (3.3)

23 (6.9)

7 (2.1)

14 (4.0)

22 (6.3)

7 (2.0)

25 (3.7)

45 (6.6)

14 (2.0)

0.649

0.713

0.907
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Evaluation of the methods used for detection of 
parasites in stool samples, showed "moderate fit" 
(Kappa=0.46, P<0.001) between direct microscopy and 
coproantigen detection test, "weak fit" (Kappa=0.236), 

P<0.001) between direct microscopy and PCR 
technique results, and no fit (Kappa=0.108, P=0.001) 
was found between the coproantigen detection test and 
PCR technique test results.

DISCUSSION                                                                 

The first traditional  approach  to the 
microbiological diagnosis of intestinal protozoa 
such as G. intestinalis, E. histolytica/dispar, and 
Cryptosporidium spp. is the microscopic examination 
of the stool sample. Specific morphological differences 
in oocyst, cyst and trophozoite  forms  are used for 
the microscopic diagnosis  of  intestinal protozoa. 
However, it is not always possible to distinguish 
these particular morphologies by direct microscopy. 
Microscopic diagnosis requires technical staining 
methods and trained technical personnel, which 
cannot be easily applied in routine microbiology 
laboratories. The success of the evaluation depends 
on the microorganism density in the sample and the 
technical personnel who evaluated it, and request 
for three consecutive stool samples directly affects 
the sensitivity of microscopy[14-17]. For these reasons, 
methods such as coproantigen and molecular diagnosis 
in stool examination have been developed as an 
alternative to microscopy especially for the diagnosis 
of intestinal protozoa[14,15].

Coproantigen  detection tests are practical 
diagnostic  methods  that  give  fast and easily 
interpreted results that do not require special 
equipment or trained personnel. The high specificity 
of these tests ensures that a positive test result can be 
accepted with confidence. The disadvantages of these 
tests are that they can be used for the diagnosis of a 
limited number of protozoa, and their effectiveness 
may be affected by the local detection rate of the 
microorganism from which they were developed[14].

Molecular PCR techniques are based on the 
amplification of a specific genome region of the 
parasite. These tests have the advantage of providing 
the opportunity for molecular parasite load detection 
and subtyping as the differentiation between E. 
histolytica and E. dispar. However, the PCR kit used 
in our study could not distinguish between the 
Entamoeba subtypes. In addition, molecular methods 
can contribute to the diagnosis of other intestinal 

protozoa such as D. fragilis, B. coli, or Blastocystis spp. 
Two significant advantages of PCR technique are that a 
single stool sample is sufficient for diagnosis, and it is 
a less labor-intensive technique compared to staining 
methods. Lack of standardization, presence of organic/
inorganic inhibitors, and high cost are reported as the 
main disadvantages of molecular tests[14]. 

In recent studies using different diagnostic 
methods in our country, the detection rate of intestinal 
protozoa was reported as G. intestinalis 1.8-6.9%, 
E. histolytica/dispar 0.2-2.6%, and Cryptosporidium 
spp. 0.02-0.3%[18-21]. In our study, the detection rate 
was determined as G. intestinalis, 6.6%; E. histolytica/
dispar, 1%; and Cryptosporidium spp., 1.5%. The results 
of our study seem to be compatible with the studies 
conducted in our country, except for the detection rate 
of Cryptosporidium spp.

Goudal et al.[22], in their study in France, compared 
a different coproantigen detection test kit with 
microscopy and reported that the two methods 
performed closely. They also stated that coproantigen 
detection test can be used to detect the presence 
of G. intestinalis and Cryptosporidium spp. in stool 
samples and can provide a time-saving alternative 
to microscopy methods. In our study, in 45 stool 
samples G. intestinalis was detected in 20% (18/45) 
by microscopic examination and in 77.8% (35/45) 
by coproantigen detection test. In addition, while 
6 (60%) of 10 stool samples proved positive for 
Cryptosporidium spp. by coproantigen detection test 
only 1 (10%) sample was recorded by microscopic 
examination.

The data obtained in our study indicated that 
coproantigen detection test results were more 
successful than microscopy tests. In a study by 
Dandapani et al.[23] in India, they examined stool 
samples of patients with diarrhea for the presence of 
G. intestinalis and E. histolytica/dispar. They reported 
that the coproantigen detection test proved to be 
statistically more successful in detecting these two 
parasites. They also showed that positive results can 

Table 5. Number of positive stool samples identified by PCR technique.

Tachnique
G. intestinalis (45) E. histolytica/dispar (7) Cryptosporidium spp. (10)

No. (%) No. (%) No. (%)
Microscopy
Coproantigen detection
PCR technique

18 (40.0)

35 (77.8)

9 (20.0)

6 (85.7)

4 (57.1)

0 (0.0)

1 (10.0)

6 (60.0)

5 (50.0)

Total 45 (6.6) 7 (1.0) 10 (1.5)
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be obtained with coproantigen detection tests for non-
pathogenic protozoon such as E. dispar. For this reason, 
confirmation with clinical correlation or PCR technique 
in cases where coproantigen detection test results are 
positive for E. histolytica will be advantageous. 

In a study conducted in Turkey, the same BD MAX 
Enteric Parasite Panel kit, which was also employed in 
our study, was used for comparison with microscopic 
examination. The researchers included a total of 362 
stool samples in their study, and obtained positive 
results in 40 (11%) samples by microscopic evaluation 
and in 23 (6.3%) samples by molecular testing. They 
reported that similar performance was obtained for 
G. intestinalis and Cryptosporidium spp. using the two 
methods. On the other hand, success was different for 
E. histolytica. The researchers stated that microscopic 
evaluation could not differentiate between E. histolytica 
and other non-pathogenic Entamoeba spp. and that 
the molecular approach is more advantageous than 
microscopy in the diagnosis of E. histolytica[24]. In our 
study, the number of samples positive for E. histolytica/
dispar was seven (1%). Six (85.7%) of these samples 
were positive by microscopy, and four (57.1%) of them 
were positive by coproantigen detection test.

However, all samples positive with coproantigen 
detection tests, were negative by PCR technique. 
This suggests that cost-effective and easy-to-
perform coproantigen detection tests may be a more 
advantageous practice for the detection of E. histolytica/
dispar in stool samples. In a recent study, the presence of 
G. intestinalis and E. histolytica/dispar in stool samples 
was investigated by microscopy and PCR technique 
methods. In that study, the PCR technique proved to be 
more successful reporting moderate fit” for both test 
results (Kappa=0.51 for G. intestinalis, and Kappa=0.47 
for E. histolytica)[25].

In our study, “weak fit" (Kappa=0.236, P<0.001) 
was found between the microscopy and PCR technique 
test results. In the routine laboratory, problems such as 
carelessness in the staining method and microscopic 
evaluation requires professional experience since 
E. histolytica/dispar distinction cannot be made by 
microscopy. Notably, lack of standardization in PCR 
technique tests, and the presence of organic/inorganic 
inhibitors; may have led to the detection of "weak fit" 
between direct microscopy and PCR technique test 
results in our study.

Another study by Shimelis et al.[26] investigated the 
presence of Cryptosporidium spp. in stool samples by 
microscopic examination and coproantigen detection 
testing. The researchers examined microscopic 
preparations stained with the modified EZN staining 
method for ≤10 min and >10 min for samples with 
negative results in the first stage. The researchers 
stated that there was a diagnostic fit between results 

of microscopy and the coproantigen detection test 
(Kappa value: 0.75 for microscopic examination for 
≤10 min; 0.60 for microscopic examination of >10 
min).

In our study, "moderate fit” (Kappa=0.46, 
P<0.001) was found between the results of direct 
microscopy and coproantigen detection tests. It is 
thought that the incompatible results in microscopy 
may be due to the lack of professional experience. In 
addition, a no fit (Kappa=0.108, P=0.001) was found 
between the coproantigen detection test and PCR 
technique test results in our study. PCR technique 
tests are methods that should be studied carefully 
by experienced laboratory personnel, and it is not 
always possible to provide this situation in routine 
laboratories.

In conclusion, the routine experience of a 
microbiology laboratory is reviewed. Accordingly, 
we suggested  using direct microscopy and RDTs 
in diagnosis of   suspected  IPIs  in  diarrheic 
patients Besides, molecular diagnosis should 
be recommended in differentiation between 
pathogenic and non-pathogenic amoeba. 
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