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Abstract

Introduction: Coccidian protozoal infection is one of the most important causes of diarrhea, which could prove to be fatal in immunosuppressed
patients. The present study aimed to determine changes in the incidences and prevalence of coccidian protozoa in immunocompromised patients in
two different time frames, and thus draw attention toward these neglected microorganisms.

Materials and Methods: The present study involved retrospective analysis of 311 stool samples obtained from 311 immunocompromised patients,
collected over two time frames (2009 and 2016-2019).

Results: The study included 40.5% female and 37.6% pediatric immunocompromised patients (aged 0-18 years). In 2009, the incidences of
Cryptosporidium spp. were 51.4% and this decreased to 41.6% in 2016-2019. Cyclospora spp. incidences decreased from 24.6% in 2009 to 9.8%
in 2016-2019. Coccidian infection in pediatric patients was found to decrease over the stipulated time, where Cryptosporidium spp. incidences
decreased from 63.9% to 34.6% and Cyclospora spp. detection rate decreased from 30.6% to 4.9%. In adults, detection rate for Cryptosporidium
spp. changed from 47% to 47.8%, while Cyclospora spp. incidences changed from 22.5% to 14.1%, over the period of 10 years.

Conclusion: The study demonstrated no significant changes in coccidian parasitic detection rates in immunocompromised adults over the period
of 10 years, which remained high. However, a significant decrease in the detection rates of both Cryptosporidium and Cyclospora spp. was
reported in pediatric patients over the years. A comparison with previously reported data revealed higher detection rates of coccidian parasite in
immunocompromised patients as compared to the general patient population. These results also highlighted the importance of detailed patient
information, especially clinical diagnosis and drug usage, to ensure application of appropriate diagnostic methods for laboratory evaluation of the
stool samples obtained from immunocompromised patients. This will further aid in early diagnosis and management of such infections.
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Giris: Diyarenin dnemli nedenlerinden olan koksidian protozoon enfeksiyonlari bagisiklik sistemi baskilanmis hastalarda élimciil seyredebilmektedir.
Bu calismada bagisiklik sistemi baskilanmis hastalarda koksidian protozoon insidans ve prevalansinin yillar icerisindeki degisimini incelemek ve ihmal
edilmis bu etkenlere dikkat cekmek amaclanmistir.
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Gereg ve Yontem: Calismamizda iki farkli zaman araliginda (2009 ve 2016-2019) toplanmis 311 hastaya ait 311 diski 6rneginin sonuglari geriye
doniik olarak degerlendirilmistir.

Bulgular: Calismaya dahil edilen hastalarin %40,5'i kadin, %37,6'si cocuktur (0-18 yas). Hastalarin hepsinin bagisiklik sistemi baskilanmstir.
Cryptosporidium spp. saptanma orani 2009 yilinda %51,4, 2016-2019 yillari arasinda ise %41,6 bulunmustur. Cyclospora spp. goriilme orani ise
2009 yilinda %24,6'dan 2016-2019 yillari arasinda %9,8'e gerilemistir. Cocuk hastalarda her iki koksidian protozoa enfeksiyon sikliginda azalma
gorilmis, Cryptosporidium spp. prevalansi %63,9'dan %34,6'ya, Cyclospora spp. goriilme orani %30,6'dan %4,9'a gerilemistir. Eriskin hastalarda
Cryptosporidium spp. insidansi %47'den %47,8'e, Cyclospora spp. goriilme orani %22,5'ten %?14,1'e degismistir.

Sonugc: Bu calisma, koksidian parazit saptanma oranlarinin eriskinlerde on yil icinde anlamli bir degisim gdstermedigini ve yiiksek seyrettigini, ancak
cocuklarda, hem Cryptosporidium spp. hem de Cyclospora spp. saptanma oranlarinda yillar icinde anlamli bir diisiis gozlendigini ortaya koymustur.
Cahsmamizin sonuglari, diger calismalarda belirtilen oranlarla karsilastirildiginda bagisikhigi baskilanmis hastalarda koksidian parazit saptama
oranlarinin genel hasta popiilasyonuna gére daha yiliksek oldugu goriilmistir. Sonuglar, bagisikligi baskilanmis bir hastada ishal gelistiginde, hastanin
oOzellikle klinik tani ve ila¢c kullanim bilgisini de iceren detayli bir bilgi notu gonderilmesinin 6nemini vurgulamaktadir. Bu yaklasim, diski 6rnegine

laboratuvarlar tarafindan gerekli tiim yontemlerin uygulanmasini saglayacak erken tani ve tedavi basarisinin artmasina katkida bulunacaktir.
Anahtar Kelimeler: Cryptosporidium, Cyclospora, koksidian, bagisikhigi baskilanmis cocuk hastalar, enfeksiydz diyare

Introduction

Recent times have witnessed a significant increase in the
number of immunocompromised individuals, majorly due to
frequent use of immunosuppressive drugs and increase in the
incidences and prevalence of human immunodeficiency virus
(HIV) infection worldwide. Despite the medical advancement,
opportunistic infections, particularly those associated with
diarrhea, remain a major challenge in the management of
immunocompromised patients!™. The frequency of infectious
diarrhea is reported to be ~20-50% in such patients. However,
these values might vary depending upon the population
under study and type of diagnostic method employed for
evaluation®. A variety of microorganisms, including bacteria,
viruses, and parasites, have been reported to cause diarrhea
in immunocompromised patients. Among these, coccidian
protozoa such as Cystoisospora belli, Cryptosporidium spp., and
Cyclospora spp. are the key players responsible for diarrhea
in these patients. These parasites are generally self-limiting
in immuno-competent patientsl®; however, these can cause
chronic and persistent diarrhea, malabsorption of nutrients,
dehydration, and weight loss in immunocompromised patients®.
In fact, they can prove to be fatal in such cases’”. Besides
this, these coccidian protozoa might lead to severe clinical
manifestations such as cholecystitis, cholangitis, pancreatitis,
and respiratory cryptosporidiosis in immunocompromised
patients. Since cellular immunity is not fully developed in
children, the incidences of severe diarrhea might cause delay
in growth and development. In certain pediatric patients,
coccidian parasites might result in fatal infections, arising due
to hypovolemic shock and cardiac deficiency that are primarily
attributed by dehydration®. Diarrhea is the second leading
cause of death among children under the age of five. Globally, it
accounts for 11% of the pediatric deaths®. Diarrhea associated
with Cryptosporidium and Cystoisospora infections is an AIDS-
defining condition that might result in death if undiagnosed".

Laboratory diagnosis of coccidian protozoa poses a serious
challenge as direct microscopic examination and trichrome
staining based detection methods are insufficient. Use of
special staining methods, direct fluorescent antibody methods
or molecular methods, which are not routinely used in the
laboratory, is required to overcome this barrier™. However, in
case of immunocompromised patients, such as HIV-infected
and AIDS patients, individuals under corticosteroid therapy
(receiving dosage of 5-20 mg/day depending on severity), organ
transplantation cases, and the ones receiving chemotherapy, the
detection of these infectious agents using appropriate method
might be life-saving.

The present study aimed to determine the prevalence of
coccidian protozoa in immunocompromised patients in two
different timeframes, and thus define any changes in the
infection trends with time.

Materials and Methods

The study was conducted in accordance to the Helsinki
Declaration Ethical Standards (2008 principles). All the
experimental procedures included in the study were approved
by Ege University Ethics Committee for Medical Research (dated:
24/09/2020, number: 20-9T/68).

The present study involved a retrospective analysis of the
laboratory results obtained for stool samples collected from
immunocompromised patients, who were suffering fromdiarrhea
and referred for microscopic examination. Samples collected at
two time periods (2009 and the period between January 2016
and December 2019) were included for comparison. Patients
aged 0-18 years were defined as children, while those with
age>19 were regarded as adults.

Clinical information about the patients was obtained from the
laboratory request forms forwarded by the relevant clinics.
Samples with missing information like patient name, referring
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service, clinical diagnosis, and time of receipt were excluded
from the study. Only one repetitive stool sample from the same
patient was included in the study and in the case of positivity,
the positive sample was selected. The cases were divided into
five main groups, namely immunodeficiency [common variable
immunodeficiency, severe combined immunodeficiency, HIV (+)
or AIDS], organ or bone marrow transplantation, cancer, steroid
users, and others, on the basis of their clinical diagnosis.

For immunocompromised patients, the routine examination
of stool samples at the Parasitology Department involved use
of macroscopic examination, direct microscopic examination
in saline and iodine, the modified formol-ethyl acetate
precipitation method, and four different staining method
involving Kinyoun acid-resistant stain, acid-resistant trichrome
staining for Cryptosporidium spp., Cyclospora spp., C. belli,
modified trichrome, and giemsa staining for Microsporidia™™.
The stained slides were screened for the presence of coccidian
protozoa under 1000X magnification by at least two experienced
specialists.

Statistical Analysis

The resulting data were analyzed using Statistical Package
for Social Sciences 18 software. Pearson's chi-square test
was used to compare the % coccidian parasites present in
immunosupressed patients for two timeframes. For statistical
analysis, p value<0.05 was considered to be significant.

The present study involved retrospective screening of the
laboratory records obtained for 337 stool samples collected
from immunocompromised patients, referred for laboratory
analysis, during the specified timeframes. However, three
samples with missing data and 23 repetitive samples obtained
from same patients were excluded from the study. The results
for the remaining 311 stool samples collected from 311
immunocompromised patients (only one sample per patient)
were analyzed. Among these, 138 and 173 results belonged
to 2009 and 2016-2019 timeframes, respectively. The study
group included 40.5% females and 37.6% pediatric cases.
For all patients, diarrhea was the main complaint, caused by
microorganisms, drug use, malabsorption, radiation, food
allergies or intolerance. The stool samples for the patients
were examined for coccidian protozoa using four different
staining methods. The distribution of the patients and parasites
according to the clinical diagnosis is summarized in Table 1.

The staining results for the samples collected in 2009 showed
the presence of Cryptosporidium spp. and Cyclospora spp. in
51.4% (71/138) and 24.6% (34/138) samples, respectively. For
the time period 2016-2019, Cryptosporidium spp. was found in

41.6% (72/173) samples, while 9.8% (17/173) samples tested
positive for Cyclospora spp. These results suggested a reduction
in the detection rate of both parasites over time; however,
this reduction was found to be signicant only for Cyclospora
spp. (p<0.05). Interestingly, C. belli was detected in only one
pediatric patient belonging to the time frame 2016-2019, thus
no comparison could be made between its detection rates in
two groups.

For pediatric patients, a significant decrease in the detection
rate was observed for both Cryptosporidium and Cyclospora
spp. (p<0.05). Cryptosporidium spp. detection rate decreased
from 63.9% in 2009 to 34.6% in 2016-2019. Similarly, the
detection of Cyclospora spp. decreased from 30.6% in 2009 to
4.9% in 2016-2019. For adult patients, the detection rate for
Cryptosporidium spp. increased by only 0.8% between the two
groups (p>0.05). In comparison to this, a significant decrease
in Cycplospora spp. detection was observed over time, where
22.5% and 14.1% detection rates were reported in 2009 and
2016-2019, respectively (p>0.05). The changes in the detection
rate of Cryptosporidium spp. and Cyclospora spp. within the
stipulated time interval of a decade are summarized in Figure 1.

The comparative analysis for the patient goups from two time
frames showed a decrease in the detection rate of coccidian
parasites in all groups, irrespective of the clinical diagnosis.
However, this decrease was found to be statistically significant
only in cancer group (p<0.05). The microscopic images for
Cryptosporidium and Cyclospora spp. oocysts present in the

70.0%
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35.0%
17.5% I I
0.0%

Cryptosporidium
SPP. ®2009 child

Cyclospora spp.

2016-2019child ¥ 2009 adult 2016-2019 adult

Figure 1. The change in the detection rates of Cryptosporidium and
Cyclospora spp. within the time interval of one decade

Figure 2. The microscopic images for (A) and (B) Cryptosporidium
and (C) Cyclospora spp. oocysts for the samples evaluated in our
laboratory (at 1000X magnification)
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Table 1. The distribution of the patients and parasites according to the clinical diagnosis, for the two time frames
2009 2016-2019
Clinical diagnosis Cryptosporidium spp. Cyclospora spp. Cryptosporidium spp. Cyclospora spp.
N (%) N (%) N (%) N (%)
Immunodeficiency 4 (50) 1(12.5) 37 (40.7) 12 (13.2)
?r;%iglgrj:asgfn”t/ bone marrow 27 (42) 17 (26.6) 25 (45.4) 4(7.2)
Cancer 18 (56.3) 10 (31.3) 6 (31.6) 0
Steroid user 21 (63.6) 6(18.2) - -
Other 1 0 4 1
Adult 48 (47) 23 (22.5) 44 (47.8) 13 (14.1)
Pediatric 23 (63.9) 11 (30.6) 28 (34.6) 4 (4.9)
Total 71 (51.4) 34 (24.6) 72 (41.6) 17 (9.8)
N:number

samples, evaluated in our laboratory, are shown in Figure 2.

The present study aimed to evaluate the prevalence of coccidian
infection in immunocompromised adult and pediatric patients,
for the samples collected in 2009 and 2016-2019. The study
reported higher prevalence of coccidian parasites in adults, with
no significant changes in detection rates over the decade. In
comparison to this, pediatric incidences of Cryptosporidium and
Cyclospora spp. infection were found to decrease over the years.

Coccidian protozoa, Cryptosporidium spp., Cyclospora spp., and
C. belli, are known to infect the digestive system of humans
and animals. The fecal oocysts of these parasites are highly
resistant to environmental conditions, physical and chemical
inactivation, and are transmitted to humans via contaminated
water and food!'?. Cryptosporidium spp. transmission is mainly
mediated via contaminated water, while contaminated food is
the major source for Cyclospora spp.l'?. Since these oocysts are
characterized by small diameter, they can easily pass through
the filters with large pore size, and thus can survive in puddles
for long time owing to slow sedimentation ratel’®. Among the
27 morphologically indistinguishable species of Cryptosporidium
spp., 20 species, predominantly Cryptosporidium hominis and
Cryptosporidium parvum, are known to cause infections in
humans'*'®. In healthy individuals, such infections are usually
self-limiting. In the patients with immunosuppression due to
HIV/AIDS infection, organ transplantation, chemotherapy, and
corticosteroid use, these parasites can cause severe clinical
manifestations such as diarrhea, weight loss, dehydration, and
sometimes death['®l,

The prevalence of coccidian protozoans has been previosuly
studied in different patient groups and a low detection rate
of 1.4% was reported for Cryptosporidium spp. in Iran'7 In
separate studies conducted at our center at two different time

frames, the detection rates were 6.8% and 7.5%["®"". Several
other studies involving different regions of Turkey also reported
lower detection rates of 0-14%12%l, However, significantly
higher detection rates (6.1-61.1%) have been reported in
immunocompromised patients?-2, with 32.21% detection
rate in HIV-positive cases?¥, 21-500 in cases involving organ
transplantation®2® and 11.1% in acute myeloid leukemial"”.
These variations might be attributed to differences in the
distribution of coccidian parasites in the environment of
different regions, characteristics of the patient group or
methods used for evaluation.

The diagnosis of coccidian protozoa is challenging and requires
use of special staining methods. Since the excretion of parasitic
oocysts is intermittent with low concentrations®?”, use of stool
enrichment techniques, such as the precipitation method,
increases the sensitivity of the diagnostic method. Additionally,
examination of four separate preparations for one patient
reduces the possibility of overlooking the parasite even in case
of low numbers. The use of different staining methods facilitates
the identification of the parasites that might show different
staining patterns. Since these methods are not employed in daily
routine, it might result in overlooking of some parasites, and
thus contribute to the observed variability in results obtained
from different facilities.

Limited knowledge is available for Cyclospora spp. as compared
to Cryptosporidium spp., and it is mostly contributed by case
reports. In fact, prevalence of this parasite has been addressed
in very few studies. Previous studies from Turkey have reported
lower detection rates for Cyclospora spp., with 1.29% infection
in malnourished children, 3.1% in HIV-positive adults?®?%, and
1.4% in general patient population!'®.,

The present study was conducted at the Parasitology Department
of the Ege University hospital that monitors one of the largest
HIV cohorts in Turkey; besides immunosuppressive drugs are
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commonly prescribed over here for organ transplantation
and rheumatological diseases. The parasitology laboratory is
highly experienced in the diagnosis of coccidian parasites and
all diagnostic procedures included in the study are performed
routinely for immunosuppressed patients. Thus, all these features
might have resulted in higher detection levels reported in the
present study as compared to other studies conducted in Turkey.

Although a significant decrease was reported in the coccidian
parasite detection rates over the vyears, the reduction
in Cyclospora spp. was more evident in pediatric cases.
However, no such decrease was reported in the number of
immunosuppressed pediatric cases in the last decade, and
thus no specific reason could be identified for this reduction.
Additionally, the transmission of Cyclospora spp. is mainly
mediated via water or fruits, such as raspberries, blackberries,
and strawberries, contaminated with sporulated oocystst.
A recent study from Turkey reported common occurrence of
allergies from food, including strawberries, among children
using immunosuppressive drugs, which might have resulted in
lower consumption of such food items?'.

The routine use of detailed diagnostic methods for all patients is
majorly limited by the associated cost and use of labor-intensive
and time-consuming procedures. Thus, it is important to specify
the clinical diagnosis in the laboratory requisition form to
ensure use of specific procedures by the laboratory personnel.
To avoid false-negative outcomes, all laboratory personnel must
be trained to perform enrichment process, specific staining
methods, and microscopic evaluation of the preparations.

There has been a continuous increase in the prevalence of HIV-
positive individuals in several parts of Europe, including Turkey.
In Turkey, 25,809 HIV/AIDS cases were reported by the end of
November 2020. In the last decade, HIV incidences increased
by more than 2.5% during 2012-2016. Poland, Turkey, and
Romania accounted for more than 70% of the total cases
reported in Central Europe during 2005-20148233, Besides this,
mathematical modeling studies also predicted that Turkey would
experience ~3-fold increase in annual HIV cases as compared to
the previously reported dataP*. In Turkey, ~50% of the new cases
are still diagnosed at the later stages of the disease, indicating
possibility of higher incidences of coccidian parasitesP®3,
Additionally, frequent use of various immunosuppressive drugs
in the treatment of several other diseases, particularly in organ
transplantation, cancer, and rheumatological diseases?, is
indicative of higher risk of coccidian infection in such cases.

The present study was associated with certain limitations,
including retrospective nature of the study, lack of detailed
information regarding the clinical characteristics of the patients,
and limited timeframe used for comparative analysis. In addition

to these, no patient with corticosteroid use was referred to the
laboratory in the second time period. Since the hospital handles
many cases with malignancy or rheumatologic conditions that
require corticosteroid use, this could be possibly attributed by
absence of information regarding steroid use in the laboratory
request form. However, considering the paucity of the national
data for intestinal pathogens infecting immunocompromised
hosts, the findings of the present study are valuable addition to
the available literature in Turkey.

The present study reported no significant changes in coccidian
infections in immunocompromised adult patients over the last
decade. However, pediatric incidences of Cryptosporidium and
Cyclospora spp. decreased over time. The results of the study
highlighted the importance of detailed diagnostic methods,
skilled laboratory personnel, and detailed patient information
on requisition form, especially clinical diagnosis and drug usage,
in early diagnosis and management of coccidian infection in
immunocompromised patients.
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