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Prevalence, Diversity and Prophylactic Efficacy of

Gastrointestinal Parasites in a Zoo in Ankara
Halime KARA "2

Mustafa GUVEN 2 P This study aimed to evaluate the prevalence, taxonomic diversity, co-infection patterns, and
Sami GOKPINAR 3 ¢ outcomes of routine prophylactic practices for gastrointestinal parasites in avian and mammalian
species housed in a zoo in Ankara. A total of 272 fresh fecal samples were collected and examined

Nurperi KESKIN & using flotation and sedimentation techniques. Associations with class and sex were analyzed using
Zeynep Begiim BABACAN 3¢ Chi-square/Fisher’s exact tests and logistic regression. The overall positivity rate was 30.5% (95%
Ebubekir CEYLAN 5 f Cl: 25.3-36.2); 35.1% in birds (95% Cl: 27.9-43.1) and 25.0% in mammals (95% CI: 18.2-33.3).
1 However, the effect of class was not confirmed in the multivariable model. The most frequent taxon
Apkarg Yildinm Beyazit was Eimeria spp. (15.4%), while strongylid-type eggs, Capillaria spp., Ascaridia spp., and
University, Nematodirus spp. were detected at lower rates. Co-infections were common, with Eimeria spp.
Health Vocational School, occupying a central position within the network. Routine antiparasitic treatments yielded marked
Department of Veterinary, benefits against nematode targets, with fecal negativity reaching 83.5% in treated animals, 82.9%
Ankara, Tirkiye with ivermectin, and 100% with selamectin in a small sample. Nevertheless, Eimeria burden
. persisted, highlighting the need for concurrent anticoccidial treatment and environmental
2|zmir Bakirgay University, interventions such as litter and moisture control. The findings support the critical importance of
Menemen Vocational School, regular fecal parasitological surveillance tailored to taxonomic class and species, along with
Department of Veterinary, combination prophylaxis, for welfare improvement and infection control in zoo settings.
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3 Kirikkale University,

Faculty of Veterinary Medicine,
Department of Parasitology,
Kirikkale, TURKIYE Bu ¢alisma, Ankara’'da yer alan bir hayvanat bahgesinde barindirilan kanatli ve memeli tirlerinde

gastrointestinal parazitlerin yayginligini, taksonomik cesitliliini, ko-enfeksiyon ériintilerini ve rutin
profilaksi uygulamalarinin sonuglarini degerlendirmeyi amaglamistir. Toplam 272 bireyden alinan

Ankara’daki Bir Hayvanat Bahgesinde Gastrointestinal Parazitlerin Yayginhg,
Cesitliligi ve Profilaksi Etkinligi

4 Ankara University,

Department of Graduate taze diski 6rnekleri flotasyon ve sedimentasyon yéntemleriyle incelenmis, sinif ve cinsiyetle iliskiler
School of Health Sciences, ki-kare/Fisher testleri ve lojistik regresyonla analiz edilmistir. Genel pozitifik %30.5 olarak
Ankara, TURKIYE saptanmis (95% GA: %25.3-%36.2); kuslarda %35.1 (95% GA: %27.9-%43.1), memelilerde
5 . . %25.0 (95% GA: %18.2-%33.3) bulunmus, ancak sinif etkisi ¢ok degiskenli modelle
Ankara University, __ dogrulanmamigtir. En sik takson Eimeria spp. (%15.4) olup, Strongylid tip yumurtalar, Capillaria
Faculty of Veterinary Medicine, spp., Ascaridia spp. ve Nematodirus spp. daha diisik oranlarda izlenmistir. Ko-enfeksiyonlar sik
Department of Internal gorilmis ve agin merkezinde Eimeria spp. yer almistir. Rutin antiparaziter uygulamalar nematod
Medicine, hedeflerine karsi belirgin yarar sadlamis; tedavi alanlarda diski negatifligi %83.5’e ylikselmis,
Ankara, TURKIYE ivermektinle %82.9 ve kiiglik érneklemde selamektinle %100’e ulagsmistir. Bununla birlikte Eimeria
) yuki devam etmis, antikoksidiyal tedavi ve altlik—nem yonetimi gibi cevresel 6nlemlerin es zamanlh
# ORCID: 0000-0001-8202-5882 gerekliligini ortaya koymustur. Bulgular, hayvanat bahgelerinde sinifa ve tiire 6zgi diizenli digki
5 ORCID: 0000-0002-8097-0677 parazitolojik slirveyans ile kombinasyon profilaksisinin refah ve enfeksiyon kontrolii agisindan kritik
¢ ORCID: 0000-0001-7071-869X 6nemini desteklemektedir.
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¢ ORCID: 0000-0001-9053-8346
f ORCID: 0000-0002-3993-3145 Introduction

Zoos alter the ecological and hygienic conditions of wild animals, thereby
Received : 24.08.2025 increasing their vulnerability to gastrointestinal parasitic infections. Both zoos and
Accepted  :11.10.2025 wildlife parks often exhibit high parasite prevalence rates among birds and mammals,
underscoring the necessity of routine parasitological surveillance and targeted
preventive measures (1, 2). For instance, an evaluation conducted in a Chinese zoo
reported gastrointestinal parasites in 42.3% of sampled animals, with particularly high
rates in non-primate mammals (50.0%), followed by primates (31.6%) and birds (26.3%)
(1). Similar patterns have been reported across various settings, where captive
mammals generally display a higher infection burden than avian species (2).
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Effective zoo veterinary medicine must therefore
rely on systematic parasitological diagnostics and robust
statistical analyses to guide prophylaxis and control
strategies (5). Quantifying overall prevalence, identifying
host-related risk factors, and profiling parasite diversity
are pivotal steps in establishing evidence-based health
protocols in husbandry contexts (6).

In this context, the present study aimed to
systematically characterize the prevalence, taxonomic
diversity, and co-infection patterns of gastrointestinal
parasites in avian and mammalian species housed in a
zoo in Ankara. Using fecal samples, we sought to
calculate overall and class- or species-specific positivity
rates, statistically evaluate infection risk factors,
measure parasite diversity, and identify co-occurrence
relationships among parasite taxa. The findings are
expected to contribute to the design of preventive
medicine and infection control programs in zoo settings.

Materials and Methods

Research and Publication Ethics: The protocol
was reviewed by the Kirikkale University Local Ethics
Committee for Animal Experiments, which concluded
that formal ethical approval was not required (Decision
No: E.357539, dated 15 August 2025).

Study Area and Animal Material: This study was
conducted at a zoo in Ankara. The study population
included mammalian (Mammalia) and avian (Aves)
species belonging to different families. Animals were
housed wunder species-appropriate conditions and
maintained in accordance with standard zoo husbandry
protocols. Upon admission, all animals underwent
quarantine procedures and antiparasitic treatments.
Mammals received antiparasitic treatment twice a year,
in spring and autumn. Birds were treated prophylactically
upon admission; however, routine antiparasitic
treatments were not performed thereafter in order to
avoid stress. The most recent routine treatment was
carried out one month prior to fecal sampling. The
treatments applied included ivermectin for goats, llamas,
camels, and deer; selamectin for rabbits; and a
praziquantel, imidacloprid, and moxidectin combination
for cats. No experimental infections were introduced
during the study; all samples were collected as part of
routine health monitoring and preventive veterinary care
practices.

Sampling and Fecal Collection: Fresh fecal
samples were collected from each individual, preferably
in the morning. Samples were placed in plastic
containers labeled with animal identification and
collection date and transported to the laboratory under
appropriate conditions. All samples were processed for
parasitological examination as soon as possible after
collection. To prevent cross-contamination between
individuals, disposable gloves and sampling spoons
were used (7).

Parasitological Examination Methods: To detect
gastrointestinal parasites, Fiulleborn flotation and
sedimentation techniques were employed (8). In the
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flotation method, a saturated sodium chloride (NaCl)
solution was used to separate helminth eggs and
protozoan oocysts based on density differences. The
sedimentation technique was applied particularly for the
detection of high-density trematode eggs. All
preparations were examined under a light microscope
using x10 and x40 objectives. Parasite eggs and/or
oocysts were identified according to their morphological
characteristics (9).

Statistical Analyses: Comparisons of categorical
variables were conducted to assess differences in
parasite positivity rates between birds and mammals, as
well as between sexes. The Chi-square test was used
for contingency tables, and Fisher's exact test was
applied to 2x2 tables when expected frequencies were
low. Logistic regression analysis was performed with
parasite positivity status as the dependent variable, and
sex and class as independent variables. To account for
potential correlations among individuals of the same
species, cluster-robust standard errors were calculated
at the species level.

Parasite diversity within each species was
quantified using Shannon and Simpson diversity indices.
Co-infection patterns were evaluated by determining the
frequency of concurrent detection of multiple parasite
taxa within the same individual, and a co-infection matrix
was generated. Statistical significance was set at a two-
sided p-value of <0.05.

All analyses were conducted using IBM SPSS
Statistics version 23.0, with an alpha level of 0.05.
Descriptive statistics summarized parasite positivity by
species, taxonomic class, and sex. Prevalence
estimates were calculated with 95% confidence intervals
using the Wilson method (10).

Limitations: This study does not have an
experimental design. Therefore, researchers have no
control over sample selection and size. The data were
obtained from all individuals present in a single zoo,
which, by the nature of the study, constitutes a census.
Consequently, a conventional sample size calculation
was not applied. Instead, all individuals available in the
study were evaluated, and distributions across
categories such as species, class, and sex were
compared observationally. In this context, it should be
noted that statistical power is limited, particularly in small
subgroups. Analyses conducted for subgroups with very
low sample sizes are presented descriptively, not
inferentially.

Results

The overall positivity rate was determined to be
30.5%, with a 95% confidence interval (Cl) of 25.3-36.2.
Among the positive samples, 62.7% contained a single
parasite genus, while 37.3% harbored at least two
genera concurrently. In birds, the positivity rate was
35.1% (95% CI: 27.9-43.1), whereas in mammals it was
25.0% (95% CI: 18.2-33.3) (Table 1). Comparison of
birds and mammals using the Chi-square test yielded
x?=2.81; p=0.094, indicating that the difference was not
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statistically significant. Eimeria spp. was the most
frequently observed parasite in birds, whereas
strongylid-type eggs and Capillaria spp. were more
common in mammals.

Among individuals with available sex information,
the prevalence of infection was 36.8% in males (95% ClI:
28.9-45.5) and 25.2% in females (95% CI: 18.8-32.8).
The difference was not statistically significant (p=0.052),
although a slightly higher positivity rate was observed in
males compared to females (Chi-square test, x*=3.78;
p=0.052) (Table 2).

In the multivariable logistic regression model, the
odds ratio (OR) for female sex was 0.55 (95% CI: 0.30—
1.01; p=0.052), and for the mammalian class it was 0.58
(95% CI: 0.19-1.78; p=0.339). Although both variables
showed a tendency towards reduced odds of positivity,
neither reached statistical significance (Tables 3 and 4).

Regarding parasite distribution, Eimeria spp. was
the most frequently detected genus (15.4%), followed by
strongylid-type eggs (7.7%), Capillaria spp. (6.2%),
Ascaridia spp. (5.9%), and Nematodirus spp. (2.9%).
The prevalence of all other genera remained below 1%
(Table 5, Figure 1).

Table 1. Overall and class-specific prevalence of
gastrointestinal parasites with 95% confidence intervals
(Wilson method)
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Category N pigitive Prevalence (?_5:6';, ::rl) (5:15;/ ;é:rl)
Overall 272 83 30.5% 25.3% 36.2%
Birds 148 52 35.1% 27.9% 43.1%
Mammals 124 31 25.0% 18.2% 33.3%

Note: Comparison between birds and mammals was not
statistically significant (x2 = 2.81; p=0.094).

Table 2. Prevalence of gastrointestinal parasites by sex
with 95% confidence intervals (Wilson method)
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Figure 1. Representative  microscopic images  of

gastrointestinal parasites detected in zoo animals. (A) Eimeria
spp. Oocysts, (B) Ascaridia spp. egg, (C) Nematodiruss spp.
egg, (D) Capillaria spp. egg, (E) Strongyle-type egg

Table 4. Logistic regression analysis of sex and class as
predictors of parasite positivity

Variable Coefficient P~ OR (?_5: o :r') (9:;/;;')
Intercept -0.274 0.356  0.76 0.43 1.36
Sex (Female) 0606 0052 055 030 1.01
Class (Mammals) ~ -0.550 0339 058  0.19 178

Sex N i 95% CI 95% CI
Positive Prevalence
(Lower) (Upper)
Female 147 37 25.2% 18.8% 32.8%
Male 125 46 36.8% 28.9% 45.5%

Note: Difference between sexes approached statistical
significance (x? = 3.78; p=0.052).

Table 3. Chi-square/Fisher’s exact test results for class
and sex in relation to parasite positivity

Note: Female sex and mammalian class showed a trend toward
reduced odds of positivity, but neither reached statistical
significance (p>0.05).

Table 5. Prevalence of the eight most common
gastrointestinal parasite taxa with 95% confidence
intervals (Wilson method)

Test Chi- p-

square value Note
Class (Birds vs. Chi-square
Mammals) ~ Positivity 281 1 0.094 test
Sex (Female vs. Male) 3.78 1 0.052 Chi-square
~ Positivity : ’ test

Note: Both comparisons approached statistical significance but
did not reach the conventional threshold (p<0.05).
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Category N Positive Prevalence (QLFI)“C‘:I:::) (9U5p"/;;3rl)
Eimeria spp. 42 272 15.4% 11.6% 20.2%
Strongylid type 21 272 7.7% 5.1% 11.5%
Capillaria spp. 17 272 6.3% 3.9% 9.8%
Ascaridia spp. 16 272 5.9% 3.7% 9.3%
Nematodirus spp. 8 272 2.9% 1.5% 5.7%
Cystoisospora spp. 2 272 0.7% 0.2% 2.6%
Trichuris spp. 2 272 0.7% 0.2% 2.6%
Habronema spp. 1 272 0.4% 0.1% 2.1%
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Table 6. Prevalence of gastrointestinal parasites in
species with 25 samples, with 95% confidence intervals
(Wilson method)

95% Cl  95% ClI

Species N Positive  Prevalence (Lower) (Upper)
Peacock 6 6 100.0% 60.9% 100.0%
Angora Goat 14 13 92.9% 68.5% 98.7%
Light Brahma 6 5 83.3% 43.6% 97.0%
Plymouth Rock 6 4 66.7% 30.0% 90.3%
Brahma 6 4 66.7% 30.0% 90.3%
Ayam Cemani 5 3 60.0% 23.1% 88.2%
Mallard Duck 7 4 57.1% 25.0% 84.2%
Quail 7 4 57.1% 25.0% 84.2%
Denizli Chicken 6 3 50.0% 18.8% 81.2%
Egyptian Goose 7 3 42.9% 15.8% 74.9%
Fayoumi 6 2 33.3% 9.7% 70.0%
Pygmy Goat 14 4 28.6% 11.7% 54.6%
Pony 13 3 23.1% 8.2% 50.3%
Turkey 1 16.7% 3.0% 56.4%
Ankara Pigeon 1 16.7% 3.0% 56.4%
Rosecomb o 9 o
Chicken 6 1 16.7% 3.0% 56.4%
Pekin Duck 7 1 14.3% 2.6% 51.3%
Ruddy o o 0
Shelduck 7 1 14.3% 2.6% 51.3%
Flamingo 7 1 14.3% 2.6% 51.3%
g‘;;k'Sh Angora 5, 2 10.0% 2.8% 30.1%
Fallow Deer 14 1 71% 1.3% 31.5%
Red Deer 6 0 0.0% 0.0% 39.0%
Bantam Cochin

Chicken 5 0 0.0% 0.0% 43.4%
Guinea Fowl 6 0 0.0% 0.0% 39.0%
Dihite Fallow 45 0 0.0% 0.0%  20.4%
Zibrit Chicken 6 0 0.0% 0.0% 39.0%
ispeng Chicken 6 0 0.0% 0.0% 39.0%
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Figure 2. Co-infection heatmap illustrating pairwise
associations among parasite taxa detected in zoo animals

Table 8. Parasite taxon richness, Shannon, and
Simpson diversity indices by host species

Table 7. Co-infection pairs and their frequencies among
positive individuals

Parasite pair Count % of positives
Capillaria spp. + Eimeria spp. 7 8.4%
Eimeria spp. + Strongylid type 6 7.2%
Ascaridia spp. + Eimeria spp. 5 6.0%
Eimeria spp. + Nematodirus spp. 4 4.8%
Ascaridia spp. + Capillaria spp. 4 4.8%
Capillaria spp. + Heterakis spp. 1 1.2%
Eimeria spp. + Heterakis spp. 1 1.2%
Capillaria spp. + Strongylid type 1 1.2%
gl/zle)ronema spp. + Strongylid 1 1.2%
Strongylid type + Trichuris spp. 1 1.2%

Simpson
. . Taxon Shannon
Species N  Positive Richness Index (H) I(r;c_ig))(
Partridge 1 1 3 1.099 0.667
g”gOra 14 13 3 1.079 0.653
oat
Quail 7 4 3 1.079 0.653
Peacock 6 6 3 1.058 0.639
Pygmy
Goat 14 4 3 1.040 0.625
Light
Brahma 6 5 3 1.011 0.611
Chicken
’Ij.”kara 6 1 2 0.693 0.500
igeon
Guinea
Pig 4 2 2 0.693 0.500
Plymouth
Rock 6 4 2 0.693 0.500
Chicken
Mallard
Duck 7 4 2 0.693 0.500
Spider 1 1 2 0.693 0.500
Monkey
Ayam
Cemani 5 3 2 0.637 0.444
Chicken
Fayoumi
Chicken 6 2 2 0.637 0.444
Angora
Rabbit 4 3 2 0.562 0.375
Denizli
Chicken 6 3 2 0.562 0.375
Pony 13 3 2 0.562 0.375
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Table 9. Efficacy of routine antiparasitic treatments and residual prevalence of parasite taxa

Antiparasitic Negative o o Eimeria Strongylid  Capillaria  Ascaridia =~ Nematodirus
treatment N (Cure) % Cure (35% CI) spp. type spp- spp. spp.
Selamectin 4 4 100.0% (51.0-100.0%) 0.0% 0.0% 0.0% 0.0% 0.0%
Praziquantel +

Imidacloprid + 11 9 81.8% (52.3-94.9%) 18.2% 0.0% 0.0% 0.0% 0.0%
Moxidectin

Ivermectin 70 58 82.9% (72.4-89.9%) 8.6% 2.9% 2.9% 2.9% 1.4%

{"0 routine 187 118 63.1% (56.0-69.7%) 18.2% 10.2% 8.0% 7.5% 3,7%
reatment

At the species level (=5 samples), the highest
positivity rates were recorded in peafowl (6/6; 100%),
Angora goats (13/14; 92.9%), and Light Brahma
chickens (5/6; 83.3%). Detailed species-specific
prevalence estimates are provided in Table 6,
highlighting that smaller sample sizes were associated

with  wider confidence intervals and increased
uncertainty.
The overall co-infection rate among positive

individuals was 27.7%, with at least two parasite taxa
present. The most frequent co-occurring pairs were
Eimeria spp. + Capillaria spp. (n=7), Eimeria spp. +
strongylid-type eggs (n=6), and Eimeria spp. + Ascaridia
spp. (n=5) (Table 7). The co-infection heatmap
demonstrated that Eimeria spp. occupied a central
position in the network, clustering particularly with
Capillaria spp. and strongylid-type eggs. Additional but
less pronounced associations were observed with
Ascaridia spp. and Nematodirus spp. (Figure 2).

Analysis of parasite diversity by host species
(genus richness and Shannon/Simpson indices)
indicated that Angora goats, quail, peafowl, pygmy
goats, and Light Brahma chickens exhibited the highest
richness, with at least three genera per host species.
The Shannon index in this group ranged between 1.01
and 1.08 (Table 8). These findings suggest that certain
species not only exhibited higher prevalence but also
harbored a broader spectrum of parasite taxa.

Of the 272 animals, 85 had received at least one
antiparasitic regimen, while 187 had not been treated.
Across the full sample, overall fecal negativity was
69.5%. In treated animals, negativity reached 83.5%
(95% CI: 74.2-89.9). Among routine treatments, the
ivermectin group (n=70) achieved 82.9% negativity (95%
Cl: 72.4-89.9), the praziquantel + imidacloprid +
moxidectin combination group (n=11) 81.8% (95% CI:
52.3-94.9), and the selamectin group (n=4) 100%. In
untreated animals (n=187), negativity was 63.1% (95%
Cl: 56.0-69.7).

Residual positivity rates varied across treatments.
In the ivermectin group, residual nematode positivity was
low (strongylid-type 2.9%, Capillaria spp. 2.9%,
Ascaridia spp. 2.9%, Nematodirus spp. 1.4%), whereas
Eimeria spp. persisted at 8.6%. In the praziquantel +
imidacloprid + moxidectin group, nematodes were fully
suppressed (0.0%), but Eimeria spp. remained at 18.2%.
In the selamectin group, no residual positivity was
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detected for any taxon. In untreated animals, residual
prevalence was substantially higher: Eimeria spp.
18.2%, strongylid-type 10.2%, Capillaria spp. 8.0%,
Ascaridia spp. 7.5%, and Nematodirus spp. 3.7% (Table
9).

Overall, parasite positivity in the study population
was moderate, with a trend towards higher rates in birds
and in males, although class and sex effects were not
statistically confirmed in the multivariable model. Eimeria
spp. emerged as the dominant parasite, frequently
present in co-infections and central to the co-occurrence
network. Routine antiparasitic treatments demonstrated
clear efficacy against nematodes, whereas Eimeria
burden persisted, underscoring the need for integrated
anticoccidial and environmental control strategies.

Discussion

This study demonstrated a moderate prevalence of
gastrointestinal parasites among both avian and
mammalian species in a zoo in Ankara, with parasite
community structure varying substantially according to
host class and species. The overall prevalence observed
was lower than the 68.3% reported in the Rio de Janeiro
Zoo (11) and the 42.3% reported in a Chinese zoo (1),
yet it remains consistent with the range frequently
reported in captive populations. Such variability across
institutions is commonly attributed to differences in
management practices, housing conditions, diet, and
prophylactic protocols (2).

In this study, prevalence was higher in birds than in
mammals, a finding that partly contrasts with the ten-
year monitoring of two institutions in Spain, where
Esteban-Sanchez et al. (2) reported higher prevalence
among mammals. However, that study included
mammalian sample sizes 4.5 times greater than avian
samples, which may explain the divergence. Local
husbandry factors such as flooring type, moisture, food
and water hygiene, prophylactic regimens, and stocking
density likely account for such discrepancies. Indeed,
the literature emphasizes that environmental and
management-related factors often exert a stronger
influence than host class when comparing institutions (2,
12). Logistic regression in our dataset indicated a higher
risk of infection in males, a finding consistent with
observations in other captive animal studies where sex-
related differences in behavior and social stress
potentially influence exposure risk (13).
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From a taxonomic perspective, the dominance of
Eimeria spp. aligns with patterns frequently observed in
captive avian systems as well as broader poultry
husbandry contexts (1). Eimeria oocysts can remain
viable for months or even years in moist environments.
Thanks to their multi-layered cyst walls, Eimeria oocysts
are resistant to many disinfectants. This contributes to
an increase in Eimeria load in bird enclosures (14, 15).
This finding underscores the necessity of integrating
environmental interventions (e.g., litter drying, bedding
management) with pharmacological control strategies.
Furthermore, it highlights the importance of considering
parasite communities collectively, rather than focusing
on single taxa in control programs.

The co-infection analysis revealed frequent co-
occurrence of Eimeria spp. with Capillaria spp. and
strongylid-type eggs, whereas associations with
Nematodirus and Trichuris were less common. However,
it must be emphasized that co-infection heatmaps are
correlation-based and do not establish mechanistic
interactions. As highlighted in parasite community
ecology, co-occurrence alone cannot be interpreted as
causality without support from mechanistic modeling or
longitudinal sampling (16). Future work should validate
these clusters through repeated sampling and multi-level
joint species modeling approaches.

Diversity analysis indicated Shannon index values
ranging from ~1.0-1.08 and Simpson (1-D) indices
suggestive of moderate diversity. These values were
higher than those reported in plains bison populations,
where individual-level Shannon diversity was ~0.45 and
herd-level ~0.75 using nemabiome methods (17). They
were also comparable to values typically reported for fish
parasite communities, where Shannon indices are often
<1 (18). Collectively, these comparisons suggest that
zoo populations host parasite communities characterized
by balanced presence of a few dominant taxa, rather
than high richness.

Species-level patterns of high prevalence were
consistent with prior reports. Husbandry-related factors
such as ground-level feeding, open water sources,
heavy bedding use, and group housing conditions,
despite frequent disinfection, can facilitate accumulation
of oocysts and thus increase risk (14, 19). In addition,
host factors such as diet and age have been associated
with increased positivity in avian species, supporting the
rationale for risk-based surveillance and prophylaxis
tailored at class- or order-specific levels (19).

The increased negativity rate (83.5%) observed
among treated animals compared to untreated
counterparts highlights the clinical utility of macrocyclic
lactones in zoo settings, particularly against
gastrointestinal nematodes. Macrocyclic lactones such
as ivermectin, moxidectin, and selamectin act on
glutamate-gated chloride channels and are recognized
as broad-spectrum endectocides effective against
nematodes. Differences in potency and resistance
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patterns among compounds within this class have been
documented (20, 21). The low residual prevalence of
strongylid-type eggs, Capillaria spp., Ascaridia spp., and
Nematodirus spp. observed in ivermectin-treated
animals is consistent with this pharmacological
spectrum. Likewise, the praziquantel + imidacloprid +
moxidectin regimen (used in cats) nearly eliminated
nematodes, in agreement with documented endo-
lectoparasitic efficacy of topical imidacloprid 10% +
moxidectin 2.5% formulations (21, 22). The persistence
of Eimeria spp. under this regimen was expected, as
praziquantel targets cestodes and trematodes, while
macrocyclic lactones are ineffective against coccidia
(23).

The continued detection of Eimeria spp. despite
routine deworming confirms that anthelmintic regimens
are ineffective against coccidiosis and emphasizes the
need for anticoccidial interventions. Given the resilience
of Eimeria oocysts, effective control requires integrated
pharmacological and environmental strategies (24; 25).
Triazine derivatives such as toltrazuril have been shown
to significantly reduce lesion scores and oocyst
shedding, and when appropriately timed, can prevent
recurrence (26, 27). Thus, rational zoo parasite control
protocols should combine macrocyclic lactones for
nematodes with species-appropriate anticoccidials and
robust litter/moisture management.

Overall, the treatment program provided clear
clinical benefit against nematodes but failed to suppress
Eimeria burden due to both pharmacological limitations
and environmental persistence. Integrated strategies
combining species-targeted anticoccidials, litter/moisture
control, and improved hygiene represent the most
sustainable approach for long-term control and welfare
improvement in zoo settings (24-26).

From a public health perspective, this study draws
attention to the potential risk of zoonotic protozoa such
as Giardia. Several zoos have reported zoonotic G.
duodenalis assemblages (A/B) in mammals and birds,
and molecular typing has been recommended to support
source attribution. Because microscopy may lack
sensitivity during low-shedding phases, periodic
molecular surveillance of high-risk species would be
advisable (2, 28).

Methodologically, the flotation and sedimentation
approaches employed here are practical routine
techniques for zoo surveillance. However, sensitivity
may be limited for some taxa beyond trematodes, and
intermittent egg/oocyst shedding may yield false
negatives in single samples. The literature suggests that
advanced quantitative methods such as Mini-
FLOTAC/FLOTAC and serial sampling improve
detection performance (7; 8; 19). The use of Wilson’s
method for prevalence confidence intervals in this study
is also advantageous, as it provides more reliable
coverage for small sample sizes, thus increasing the
robustness of our estimates (10).
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