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Abstract: Although the microscopic examination of stool samples remains the reference method of choice for the diagnosis of intestinal 
protistan infections, this method is time-consuming and requires experienced and well-trained operators. The purpose of this study was 
to evaluate the level of agreement between the BD MAX TM Enteric Parasite Panel (EPP) and microscopy for the detection of Giardia 
intestinalis (Lambl, 1859), Cryptosporidium spp. and Entamoeba histolytica Schaudinn, 1903 in stool samples. The study included 
faecal samples of 362 patients who were admitted to our hospital due to gastrointestinal complaints. In the microscopic examination, 
which was made with the native-lugol method on the stool samples that were taken from the patients, cysts, trophozoites and eggs of 
the parasite were examined. The diagnosis of G. intestinalis, Cryptosporidium parvum Tyzzer, 1912 and Cryptosporidium hominis 
Morgan-Ryan, Fall, Ward, Hijjawi, Sulaiman, Fayer, Thompson, Olson, Lal et Xiao, 2002, and E. histolytica was made in the faecal 
samples using the EPP assay. In the microscopic examination, Cryptosporidium spp. positive stool samples were stained with kinyoun’s 
acid-fast. In the microscopic examination, parasites were detected in 41 (11%) of the 362 stool samples. In contrast, EPP assay iden-
tified parasites in 23 (6.3%) of the samples. In the microscopic examination, E. histolytica and Entamoeba dispar Brumpt, 1925 were 
detected in 22 (6.1%) of the samples, G. intestinalis was seen in 15 (4.1%), and C. parvum or C. hominis were detected in three (0.8%); 
these values were five (1.4%), 16 (4.4%) and two (0.5%) positive with the EPP assay. Although C. parvum or C. hominis were detected 
as positive in the microscopic examination of three samples, only two of the samples were positive in both EPP assay and kinyoun’s 
acid-fast method. The EPP assay is a relatively simple test that can distinguish E. histolytica and E. dispar, but it cannot replace micros-
copy in the diagnosis of amoebiasis. Diagnosis for G. intestinalis and C. parvum/C. hominis with the BD MAXTM enteric parasite panel 
was equivalent to that with microscopy. We believe that E. histolytica must be diagnosed with nucleic acid amplification tests that have 
a high sensitivity and specificity like EPP assay in certain patient groups.

Keywords: stool microscopy, enteric parasites, Cryptosporidium spp.

Short Communication

Address for correspondence: Prof. Dr. Tuncay Çelik, Adiyaman University, Faculty of Medicine, Department of Microbiology, Altınşehir Mah. Atatürk 
Bulvarı No:1 02040 Merkez/Adıyaman, Turkey. E-mail: tcelik@adiyaman.edu.tr; Fax: +90 (416) 223 16 93; Phone: +905304679078

Institute of Parasitology, Biology Centre CAS
Folia Parasitologica 2020, 67: 020
doi: 10.14411/fp.2020.020

According to the World Health Organisation, the sec-
ond most frequent cause of morbidity and mortality in 
children in developing countries is diarrhea. In addition, 
Giardia intestinalis (Lambl, 1859), Entamoeba histolyti-
ca Schaudinn, 1903, and Cryptosporidium parvum Tyzzer, 
1912/Cryptosporidium hominis Morgan-Ryan, Fall, Ward, 
Hijjawi, Sulaiman, Fayer, Thompson, Olson, Lal et Xiao, 
2002 are the most common parasites that lead to chronic 
diarrhea in travellers all over the world (World Health Or-
ganization 2005, Petri et al. 2008, Pritt and Clark 2008, 
Checkley et al. 2015).

Light microscopy is used in the diagnosis of intestinal 
parasites in many laboratories. However, microscopy can 
lead to false conclusions, with harmless parasites being in-
terpreted as disease-causing, or life-threatening parasites 
being missed (Halligan et al. 2014). Many protists are only 
present in small quantities in faecal samples; thus, the quality 
 of the microscopic examination is highly dependent on 

the skills of the laboratory technician (Khare et al. 2014). 
For example, E. histolytica may appear as commensal 
lumen dwellers and with cysts that do not correlate with 
clinical symptoms. Dysentery maybe caused by bacteria or 
by viruses. It is therefore mandatory to consider whether 
any amoebas found are cysts or trophozoites and if the tro-
phozoites are invasive and disease-causing (Ackers 2002, 
Shimokawa et al. 2012 ). 

There are several commercially available nucleic acid 
amplification tests that are used in the diagnosis of the 
gastrointestinal pathogens (Navidad et al. 2013). Among 
methods developed for better diagnostics, PCR-based 
methods are considered the leading one, as they are highly 
sensitive and specific. However, these methods are techni-
cally complex and time-consuming (Tanyuksel and Petri 
2003, Fotedar et al. 2007). 

The BD MAXTM Enteric Parasite Panel (EPP) (Becton, 
Dickinson and Company, Franklin Lakes, New Jersey, 
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USA) is a fully automated assay providing nucleic acid 
extraction and simultaneous real-time amplification for 
the detection of E. histolytica, G. intestinalis and C. par-
vum/C. hominis using a single platform. Use of the BD 
MAX Parasite Panel has recently been shown to be useful 
for the laboratory diagnosis of three predominant protistan 
parasites causing enteritis (Biswas et al. 2014, Batra et al. 
2016, Madison-Antenucci et al. 2016, Parčina et al. 2018). 

In the present study, the purpose was to compare the 
microscopic examination and EPP assay, which are used 
in diagnosing E. histolytica, G. intestinalis and C. par-
vum/C. hominis, which are among enteric parasites, in pa-
tients with gastrointestinal system complaints.

Samples and patient population
In total, 362 stool samples of all patients with gastro-

intestinal system complaints from different clinics were 
admitted to the laboratory of our hospital between January 
2016 and August 2018 and were retrospectively examined. 
Samples were collected consecutively from all patients. Of 
these 362 patients, 172 (48%) were female, and 190 (53%) 
were male; the average age was 43.3 years. The macro-
scopic examination revealed that most of the stool samples 
were amorphous and sloshy, and no blood or parasites were 
detected in any of them. The present study was conducted 
with the approval of the Ethics Board under Decision No. 
2019/2-1 dated 20/03/2019 at Adiyaman University.

Microscopy for intestinal parasites
Microscopic examinations were performed using light 

microscopy on samples prepared using the wet mount 
method with normal saline to find motile trophozoites, 
cyst, ova and Lugole’s iodine solution to confirm the mor-
phology. We examined 362 stool samples using micros-
copy for Cryptosporidium spp. Any positive or suspect-
ed stool samples were evaluated with kinyoun’s acid-fast 
method. All samples were kept at -80 °C until EPP assay 
was performed.

Kinyoun’s Acid-Fast Method
Three stool samples contained oocysts of Cryptosporid-

ium spp. for microscopical examination. The samples 
were placed in modified formalin-ethyl acetate sedimen-
tation (the sample was placed in 10% formol and left for 

at least 30 minutes for fixation). The suspension was fil-
tered through two-layer gauze into another container, and 
the supernatant was transferred to a centrifuge tube. Next, 
3 ml ethyl acetate was added to the suspension, and the 
tip of the tube was closed and shaken for 30 seconds. The 
suspension was centrifuged at 500 g for 2–3 minutes. The 
thin faecal smear was made and air-dried. The smear was 
fixed with absolute methanol for 1 min. Then, the slide was 
flooded with kinyoun’s carbol fuchsin stain for 5 min. Af-
ter staining, the slide was rinsed first with 50% ethanol for 
3–5 s and then with distilled water. The stained smear was 
decolorised with 1% sulfuric acid for 2 min and was coun-
terstained with 1% methylene blue for 1 min. (El-Moamly 
and El-Sweify 2012). All samples were examined (with 
1000× magnification) for the presence of oocytes for 10 
minutes using immersion oil. 

BD MAX Enteric Parasite Panel
The samples were processed according to the manu-

facturer’s instructions (Becton, Dickinson and Company 
Franklin Lakes). Briefly, using calibrated disposable inoc-
ulating loops, 10-microlitre aliquots of vortexed stool sam-
ples were transferred into sample buffer tube. The tubes 
contain 1.5 ml of an appropriate sample diluent that is for-
mulated to minimise PCR inhibition commonly associated 
with stool specimens. To ensure extraction of nucleic acids 
from encysted protists, all specimens in SBTs were heated 
using a BD MAX prewarming heater. The samples were 
heated gradually to 37 °C and then cooled prior to transfer 
to the BD Max sample racks. Following the prewarming 
step, manufacturer-provided unitised reagent strips, which 
contain all of the reagents required for nucleic acid extrac-
tion and amplification, and a microfluidics cartridge were 
loaded onto the BD Max instrument. 

Five hundred microlitres of the diluted sample were 
transferred to the lysis tube of the unitised reagent strip. 
The sample transfer and all subsequent steps are performed 
automatically by the BD Max instrument. Primers included 
in the BD Max EPP assay detect E. histolytica, G. intes-
tinalis and C. parvum/C. hominis. Cryptosporidium par-
vum/C. hominis are reported as either positive or negative. 
Genetic targets and sequences are proprietary. Amplified 
products are detected with fluorophore-labeled TaqMan 
probes. The instrument monitors fluorescent signals at 
each PCR cycle and internal software provides automatic 
interpretation of the results. The user does not adjust the 
threshold for a positive result or interpret cycle threshold 
values.

The microscopic examination of the 362 stool samples 
detected 41 (11%) positive samples with parasites. Out of 
all samples 22 were classified as E. histolytica/Entamoe-
ba dispar Brumpt, 1925/Entamoeba moshkovskii Tshalaia, 
1941 based on morphologic characteristics, (10–15 μm in 
diameter, spherical mature cysts tetranucleated) diagno-
sis upon microscopic examination, while 5 samples were 
found to be E. histolytica by EPP assay. Microscopic exam-
ination revealed G. intestinalis in 15 (4%) of the samples, 
while 16 (4%) were positive according to the EPP assay 
(Table 1). Although C. parvum/C. hominis were detected in 

Table 1. Microscopy and BD MAX EPP results of stool samples 
(n=362)

Microscopy BD MAX EPP

Entamoeba histolytica 22 5

Giardia intestinalis 15 16

Cryptosporidium spp.a 3 2

Ascaris lumbricoides 1 NAb

Negative 321 339

Unresolved - 2c

a Out of 3 Cryptosporidum spp. observed under microscope 2 were ob-
served by kinyoun’s staining
b Not applicable
c Neither positive control nor sample gave result by microscopy
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three samples upon microscopic examination, only two of 
the samples were positive according to both EPP assay and 
kinyoun’s acid-fast method. Eggs of Ascaris lumbricoides 
Linnaeus, 1758 were detected in one sample. According 
to the Kit procedure (unresolved results may be obtained 
in the event that specimen-associated inhibition or reagent 
failure prevents proper target or sample processing control 
amplification), two samples were evaluated as unresolved.

Entamoeba histolytica, G. intestinalis and Crypto-
sporidium spp. are commonly occurring parasitic protists 
that infect humans. In most laboratories, routine copro-par-
asitological examinations for helminths and protists are 
conducted under light microscopy using physiological 
saline or saline-iodine preparations. As demonstrated in 
other studies, molecular tests can increase the detection of 
pathogens while lowering both the hands-on time and the 
time to results (Patel et al. 2014, Buss et al. 2015). The lack 
of skilled clinical parasitologists and the need to perform 
multiple tests to adequately screen for relevant parasites 
only add to this challenge.

The genus Entamoeba contains many species; E. his-
tolytica, E. dispar, Entamoeba coli, such as Entamoeba 
hartmanni and E. moshkovskii, which can be found in the 
human intestinal tract. Cysts of E. histolytica, E. dispar 
and E. moshkovskii are morphologically indistinguishable. 
Microscopy, unlike PCR, is unable to differentiate between 
pathogenic and non-pathogenic species of Entamoeba (see 
Diamond and Clark 1993, Haque et al. 2003). A significant 
difference was detected in our study between the micro-
scopic examination and EPP assay results in the diagno-
sis of E. histolytica. This pathogenic amoeba was present 
in 22 of the 362 cases. However, the EPP assay identified 
only 5% of the samples as positive for this species. The 
diagnosis of E. histolytica/E. dispar/E. moshkovskii was 
made by considering the presence of erythrocyte phago-
cytosis seen upon microscopic examination. Samples that 
were detected as hemophagocytic forms of E. histolytica 
were found positive by EPP method.

There have been no prior studies conducted in our re-
gion on the use of molecular methods in the diagnosis of 
enteric parasites. In our previous investigation into the 
prevalence of intestinal parasites in primary school chil-
dren, G. intestinalis was positive in 18% of the cases that 
were examined using a microscope, E. histolytica was not 
detected by the enzyme-linked immunosorbent assay (ELI-
SA) method (Celik et al. 2014). In addition, G. intestinalis, 
which is relatively easier to diagnose using a microscopic 
examination, was present at a rate of 4% only. The EPP 
assay also found a rate of 4%. Since its microscopic di-

agnosis is easier compared to the other two parasites, no 
significant differences were detected.

Although Cryptosporidium spp. were detected in three 
samples upon microscopic examination, two samples were 
found positive by staining and EPP assay. This could be 
a false positivity by microscopic method or EPP assay de-
tects only C. parvum and C. hominis, which would explain 
this false negative result. In contrast, this case might be an-
other species. Since it is difficult to diagnose Cryptosporid-
ium spp. microscopically examination, it is necessary to 
prepare and stain a smear to be evaluated by a specialist. In 
a previous study, 17 samples of 275 examined were found 
positive by microscopy for E. histolytica/E. dispar, and 
two of them were found positive by EPP and confirmed 
as E. histolytica. The remaining 15 negative samples by 
EPP were assumed to be E. dispar (Batra et al. 2016). In 
another study (Perry et al. 2017), it was emphasised that 
the specificity of C. parvum/C. hominis and G. intestinalis 
(99.7% and 98.9%, respectively) were high in EPP assay 
compared to the microscopic examination and EPP assay. 
However, it would be beneficial to compare the findings in 
fresh and frozen fresh stool in the diagnosis of E. histol-
ytica. More studies are needed in this respect. In another 
study, the sensitivity and specificity of three commercial 
kits that included the EPP assay were examined. The sen-
sitivity of G. intestinalis was found to be 89%, which was 
the highest compared to the other tests. When evaluated for 
Cryptosporidium spp., the sensitivity was 75%; however, 
it was 100% for the other tests. Positivity was detected in 
one sample in each of the three sets in the E. histolytica 
diagnosis (Autier et al. 2018).

In conclusion, it was determined that although there 
was no significant difference between the two methods for 
a G. intestinalis and Cryptosporidium spp. diagnosis, there 
was a significant difference in the E. histolytica diagnosis. 
Despite the fact that differentiation between E. histolyti-
ca and other species of Entamoeba cannot be made us-
ing morphology, and that a specialist cannot always make 
a microscopic examination, which was the case of our 
study, we believe that using one of the molecular methods 
with a high sensitivity and specificity, like EPP assay, is be 
better for diagnosing E. histolytica, especially in certain 
patient groups. Further studies are necessary to determine 
the sensitivity and specificity of the EPP assay for diagno-
sis E. histolytica in positive samples.
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