
Contact Abdulhakeem Binhambali  abinham@ncsu.edu and hambali@gmail.com  Department of Clinical Sciences, College of 
Veterinary Medicine, NCSU, Raleigh, NC.

© The Author(s) 2024. Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License (CC BY).  
http://creativecommons.org/licenses/by/4.0/.

CLINICAL PRACTICE ARTICLE� Open Access

A clinicopathological analysis of Ivermectin-induced toxicity in eight Hermann’s 
Tortoises treated for tick infestation
Abdulhakeem Binhambali1 , Musa Halidu2, Dauda Dauda Ibrahim3 , Zainab Oyiza Idris4, Raji Bolaji Abdulsalam5, 
Omerah Raphael Attah6

1Department of Clinical Sciences, College of Veterinary Medicine, NCSU, Raleigh, NC
2Department of Veterinary Public Health, Federal Capital Territory Administration, Abuja, Nigeria
3Department of Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine, University of Abuja, Abuja, Nigeria
4Department of Theriogenology and Production, Faculty of Veterinary Medicine, Ahmadu Bello University, Zaria, Nigeria
5Department of Animal Production, Faculty of Veterinary Medicine, University of Abuja, Abuja, Nigeria
6Nigeria Police Veterinary Hospital, Abuja, Nigeria

ABSTRACT

This study presents a clinico-pathological examination of Ivermectin-induced toxicity in 
eight Hermann’s tortoises, administered to address tick infestation. Subsequently, ner-
vous signs were observed, leading to the demise of five tortoises. Clinical manifesta-
tions included inappetence, weakness, diarrhea, tremors, and paralysis preceding death. 
Postmortem examination revealed hemorrhagic lung tissues, fatty liver, and significant 
tick infestation. Laboratory analysis detected Borrelia spp. in blood smears, Oxyuris 
spp. eggs and cysts in fecal samples, and Escherichia coli and Salmonella enterica in 
microbial cultures. Histopathological analysis indicated hepatic vacuolar degeneration. 
The correlation between clinical, pathological, and histopathological findings suggests 
acute infection and drug toxicity, particularly Ivermectin toxicity. The tortoises, initially 
weighing an average of 900 g, were pets at Niger Resort Minna and were presented to 
the Nigerian Police Veterinary Hospital, Garki 2 on the 27th of May 2023, after exhib-
iting symptoms of inappetence and severe diarrhea following the administration of 1% 
Ivermectin (Ivanor from Jubaili Animal Health Ltd) at a dose rate of 0.04 mg/kg. Three 
tortoises died shortly after administration, with two succumbing within hours.

Introduction
Ticks, nematodes, and insects are examples of para-
sitic organisms that pose a serious threat to human 
and animal wellbeing [1–3]. When it comes to the 
parasites obtaining the nutrition and physiological 
requirements they need from their hosts, there are 
numerous significant host-parasite specificity [3]. 
In real sense, parasites not only spread illnesses 
and infections but also severely reduce production 
and restrict the growth of their host, which results 
in enormous losses from an economic point of view 
[4–6] and occasionally results in death.

As terrestrial reptiles inhabiting grassy land-
scapes, Hermann’s Tortoises are susceptible to 
tick infestations, similar to other fauna in their 

habitat. Ticks are the primary ectoparasites that 
commonly affect tortoises, showing preferences 
for different hosts depending on species and life 
stages [7]. Because of the tortoise’s habitat, they 
are particularly susceptible to infestations by ticks 
of the Hyalomma genus [7,8]. Hyalomma ticks are 
identified as the predominant tick species affecting 
tortoises in regions including the Mediterranean, 
Middle East, Black Sea, and Central Asia [7]. These 
ticks have been found to carry various zoonotic 
pathogens, including the Crimean-Congo hemor-
rhagic fever virus. In addition, Hyalomma ticks can 
harbor other pathogens such as Anaplasma phago-
cytophilum, Ehrlichia canis, and Coxiella burnetii, 
which also have zoonotic potential [7].
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Avermectins are a class of 16 distinct chemical 
compounds that fall under the macrocyclic lactones 
medication category of which Ivermectin is part of 
them. They have been shown to have well-docu-
mented and proven effects on insects, worms, and 
ticks [9–11]. They were first created through the 
fermentation process by Gram-positive soil-dwell-
ing bacteria as well as by members of the common 
group known as streptomyces, actinomycetes, and 
avermitilis [12–15]. Avermectins bind to ligand-
gated chloride channels in both vertebrates and 
invertebrates, which has a toxic impact [16]. While 
Ivermectin is a naturally occurring substance, it is 
also employed in medicine [13]. It is used to treat a 
variety of parasites in livestock and pets in addition 
to its primary usage against mites, nematodes, and 
other economically significant agricultural pests 
[17,18]. Its mode of action involves binding with the 
chloride channels in the target organism’s central 
nervous system, which is activated by glutamate 
and/or γ-aminobutyric acid (GABA). This inhib-
its neuromuscular and inter-neural transmission, 
causing spastic, uncoordinated gait, paralysis, and 
eventually death [10].

The management and growth of livestock are 
significantly impacted by the use of anthelmintics, 
such as Ivermectin, in modern chemotherapeutic 
treatments for parasitic infections [19]. However, 
overuse of these antiparasitic medications, partic-
ularly Ivermectin, can result in a number of issues, 
such as increased risk to human health from food 
poisoning and contamination, an increase in pop-
ulations of helminth resistant to Ivermectin, and 
the development of intoxication that could result 
in drug overdose death [20]. Although, the major-
ity of anthelmintics have broad safety margins, and 
using these medications may occasionally result in 
intoxication episodes [19]. Some of the main causes 
leading to overdose cases include administering 
the same number of drugs to all animals using the 
initially established or estimated average weight 
of these animals, using defective dosing equip-
ment, failing to follow or adequately interpret label 
instructions, and the possibility of drug resistance 
or overestimation of animal body weight to drug 
ratio [21]. Lethality data, such as 10-d LC50 values, 
are often provided by the few studies that describe 
Ivermectin’s toxicity to invertebrate species [22–
24]. Strong antiparasitic medications called aver-
mectins can be extremely poisonous to animals. As 
demonstrated in a number of instances, this can 
even cause an animals’ death by harming its numer-
ous organs [25–27] as stated earlier on.

Numerous papers and works have been reported 
on the occurrence of nephrotoxicity and other 
pathological alterations caused by avermectins. For 
instance, in pigs and dogs, Ivermectin induces neph-
rotoxicity by raising creatinine levels and lowering 
glucose and protein synthesis [28,29]. In addition 
to increased levels of nitrogenous substances in the 
body caused by this group of drugs, such as serum 
creatinine, urea, and uric acid in the blood, this oxi-
dative damage causes histopathological changes 
such as interstitial nephritis, glomerular damage, 
interstitial infiltration areas of round cells, and 
tubular necrosis [26,30,31]. Also, the majority of 
foods, medications, and poisons that are present in 
the body are catabolized and neutralized by the liver, 
which is the primary organ responsible for detoxifi-
cation [32]. Toxins and medications from this drug 
can damage the liver and cause total liver failure, 
which can result in the animal’s death from severe, 
irreversible internal organ damage. Regardless of 
the route of drug administration, avermectins are 
easily bound to fat as well and are discovered in the 
liver of animals where they are mostly concentrated 
[33,34]. By influencing the liver enzymes, changing 
the hepatocytes’ mitochondrial bioenergetics, lead-
ing to oxidative stress, and aiding autophagy in the 
liver tissues of the treated animals [35–37].

Hermann’s Tortoises, although relatively rare 
in Nigeria, have become popular pets due to their 
gentle nature and relatively low-maintenance care 
requirements. However, like all animals, they are 
susceptible to health issues, with parasitic infesta-
tions being a significant concern. These infestations, 
caused by various ectoparasites and endoparasites, 
pose a considerable threat to the well-being of tor-
toises. Ticks, for example, are common ectopara-
sites found on tortoises, often congregating in large 
numbers. They tend to target areas of mildly kerati-
nized and soft skin, such as the base of the neck and 
proximal extremities. In addition, ticks can attach to 
the seams between the scutes of the plastron, tak-
ing advantage of the thin layer of keratin for easy 
penetration and adherence [38]. Such infestations 
can severely impact the tortoises’ quality of life and 
overall health.

In addressing these infestations, veterinarians 
frequently turn to Ivermectin, a broad-spectrum 
anti-parasitic medication effective against both 
internal and external parasites in reptiles and var-
ious other animals. While generally considered 
safe and effective, the use of Ivermectin in tortoises 
can sometimes lead to severe adverse effects, par-
ticularly in chelonians. Studies have shown that 
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Ivermectin can be toxic to certain species of che-
lonians, potentially crossing the blood–brain bar-
rier or acting on peripheral neurotransmitters like 
GABA [39]. Toxic effects may include paresis, paral-
ysis, and even mortality, especially due to respira-
tory muscle paralysis. Consequently, literature and 
experts caution against the use of Ivermectin in tor-
toises due to the risk of morbidity and death [40].

Although research on Ivermectin toxicity in 
chelonians has primarily focused on species such 
as leopard tortoises, red-footed tortoises, east-
ern box turtles, and red-eared sliders [41], with 
varying toxicity levels observed based on spe-
cies, dosage, and dosing intervals, comprehensive 
studies on Hermann’s Tortoises remain limited. 
Paresis and paralysis are the primary signs asso-
ciated with Ivermectin toxicity in chelonians [41], 
but these effects can be mitigated by administer-
ing lower dosages and adhering to correct dosing 
intervals[40,41].

This study investigates the clinicopatholog-
ical aspects of Ivermectin-induced toxicity in 
eight Hermann’s Tortoises, shedding light on the 
post-mortem and clinicopathological changes 
observed with the administration of Ivermectin in 
these reptiles. By examining the outcomes of such 
toxicity, the study aims to emphasize the critical 
importance of accurate diagnosis and the imple-
mentation of appropriate management strategies 
especially drug administrations in treating a para-
sitic infection or infestation in Hermann’s Tortoises 
to protect the health and well-being of these beloved 
pets.

Methods
Five of the eight Hermann’s tortoises weighing 900 
g on average before death, that were kept as pets 
at the Niger Resort Minna were presented to the 
postmortem unit of the Nigeria Police Veterinary 
Hospital, Garki 2, on May 27, 2023. Before death, 
the tortoises exhibited symptoms of inappetence 
and severe diarrhea, just shortly after the admin-
istration of 1% Ivermectin (Ivanor from Jubaili 
Animal Health Ltd) at the dose rate of 0.04 mg/kg. 
The medications were administered due to heavy 
tick infestation and diarrhea noticed by the client 
earlier. Shortly after the administration, three of the 
eight tortoises died and two died after a few hours 
as well.

Postmortem examination was performed through 
organ dissection with scissors and trump forceps to 
observe pathological changes in the internal organs. 

Histological tissue sectioning was also carried out 
on the liver samples and stained with Hematoxylin 
and Eosin (AppliChem, Darmstadt, Germany) was 
performed on 2 and 5 μm thick paraffin sections as 
well as a special stain named Trichome as described 
by Exbrayat [42] and observed under microscope at 
X100 and X400, respectively.

Two different blood samples were taken as 
described by Stuart et al. [43] from the three sur-
viving tortoises with 1-inch 23–25 gauge syringes 
(Made by Delejet) as explained by Donald et al. [44]. 
The first one was transferred into heparinized tubes 
(Vacutainer, Becton Dick inson, Franklin Lakes, NJ 
07417) for hematology screening. The second sam-
ple was split into two parts. One was centrifuged at 
2,000 revolutions per minute for 15 minutes, and 
the plasma was submitted for biochemical analysis 
at the Clinical pathology unit. Hematology analy-
ses included packed cell volume (PCV), heterophil, 
estimated total white blood cell count (WBCC), and 
hemoglobin concentration. The PCV was deter-
mined by microhematocrit centrifugation at 12,000 
g for 5 minutes and blood smears were fixed in 
methanol and stained with Wright-Giemsa and esti-
mation of total WBCC and Borellia spp. screening 
as explained by Larsson and Bergström [45]. While 
the remaining blood sample was used for microbial 
culture for Escherichia coli and Salmonella enterica.

Escherichia coli was detected through the tech-
nique explained by Abbas and Tuttle [5,46]. and S. 
enterica was also detected as described by Ferone 
et al. [47]. Evaluation of the three fecal samples 
collected from the surviving tortoises through the 
technique by Cringoli et al. [48]. This revealed at 
least 3 Oxyurid spp. nematode ova and cysts per X10 
(1+) field by direct smear and 10 Oxyurid nematode 
ova per X10 field (3+) by sodium nitrate flotation 
technique as explained by Cringoli et al. [48].

Results
Deceased tortoises

Postmortem examinations revealed significant find-
ings among the deceased tortoises. Hemorrhagic 
lung tissues were evident in five of the tortoises, 
indicating potential respiratory issues. In addition, 
all of them exhibited fatty liver, suggestive of under-
lying metabolic or dietary concerns. Furthermore, 
four tortoises displayed signs of bladder inflam-
mation, with three of them also presenting blad-
der stones, indicating urinary tract complications. 
Notably, ticks were found on all the tortoises, under-
scoring the prevalence of external parasites in their 



www.wisdomgale.com/jrvs� 128

A. Binhambali, M. Halidu, D. D. Ibrahim, Z. O. Idris, R. B. Abdulsallam, R. O. Attah

environment. Pin-point hemorrhagic kidneys were 
observed in all five tortoises, suggesting potential 
renal issues. Moreover, perforated and inflamed 
intestines were observed in all deceased tortoises, 
indicating gastrointestinal complications (Table 1). 
Histological staining revealed hepatic vacuolation 
in all deceased tortoises, further emphasizing the 
extent of pathological changes within their organs 
(Table 2).

Surviving tortoises

The laboratory analyses, as depicted in Table 3, 
revealed noteworthy findings regarding the sur-
viving tortoises. Their PCVs were all lower than 
the normal range, indicating potential anemia. In 
addition, there was a slight increase in heterophils 
and white cell counts among the tortoises, suggest-
ing a mild inflammatory response. Two of the tor-
toises exhibited lower hemoglobin concentrations 
compared to the third tortoise, indicating varying 
degrees of blood oxygen-carrying capacity.

Furthermore, the results from microbial cul-
ture and Parasitology, outlined in Table 4, high-
lighted additional concerns. Borrelia spp. was 
detected in the blood smear, indicating a potential 
tick-borne infection. In the fecal sample, the pres-
ence of Oxyuris spp. eggs and cysts were observed, 
indicating gastrointestinal parasitism. Moreover, 
microbial culture identified E. coli and S. enterica, 
raising concerns about bacterial infections in the 
tortoises. These findings revealed the complex 
health challenges faced by the surviving tortoises 
and emphasize the need for comprehensive veter-
inary management.

Discussion
The Hermann’s Tortoise, classified as “near threat-
ened” by the International Union for Conservation 
of Nature [49], is a species from the family of 

Chelonians that holds immense ecological signifi-
cance. However, despite its protected status, illegal 
collection from the wild for the pet trade remains 
a pressing concern [51]. Many of these tortoises, 
intended as pets, either suffer neglect or are seized 
by conservation authorities [52], underscoring the 

Table 2. Liver histological findings of the five deceased 
tortoises.
Findings Hepatic vacoulation

Tortoises

A Present

B Present

C Present

D Present

E Present

Table 3. Blood picture from the surviving tortoises (Dilruksh 
et al. [50]).
Parameters PCV

(21.30%–
29.0%)

Heterophils
(1.52–4.30 
× 10^9/l)

White 
cell 

count
(4.33–
9.80 × 

10^9/l)

Hemoglobin
(0.49–0.67 

g/dl)

Tortoise

A 21 5.32 9.84 0.57

B 18 5.71 9.93 0.31

C 20 5.21 9.22 0.45

Table 4. The outcome of the microbial culture and parasitic 
eggs conducted on the surviving tortoises.
Organism Escherichia 

coli
Salmonella 

enterica
Borellia 

spp
Oxyuris 

spp 
eggs

Tortoises

A Present Present Present Seen

B Present Present Present Seen

C Present Present Present Seen

Table 1. Post-mortem (gross) findings of the five deceased tortoises.
Organs Lungs

(Hem.)
Liver

(Fatty)
Bladder

(Infl.)
Bladder
(Stones)

Skin
(POT)

Kidney
(Hem.)

Intestine
(Perf. and Infl.)

Tortoises

A Present Present Present Present Present Present Present

B Present Present Absent Absent Present Absent Absent

C Present Present Present Absent Present Present Present

D Present Present Present Present Present Present Present

E Present Present Present Present Present Present Present

Total 5/5 5/5 4/5 3/5 5/5 4/5 4/5

Keys: Hem. = Hemorrhagic, Infl. = Inflamed/ Inflammation, POT= Presence of Ticks, Perf. = Perforation.
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urgency of addressing conservation and welfare 
issues surrounding this species.

Apart from ticks, tortoises can be infested by var-
ious other ectoparasites. However, there is limited 
information available regarding the ectoparasites 
species affecting tortoises [53]. This scarcity call for 
further research the necessity for further research 
and studies in this area [53], highlighting the need 
to enhance our understanding of tortoise ectopara-
sitism. While tick-borne pathogens in mammals and 
birds have received substantial attention [54,55], 
the potential role of reptiles as reservoirs for zoo-
notic infections has been largely overlooked [8], 
particularly in regions like Nigeria. Consequently, 
pet tortoises may serve as reservoirs for tick-borne 
Zoonoses if proper management and husbandry 
practices are not instituted.

Post-mortem examinations conducted in this 
study unveiled a complex array of health issues, 
encompassing tick infestations, helminthosis, and 
Borelliosis, highlighting the multifaceted nature 
of the challenges faced by the tortoises. While the 
presence of Oxyuris spp. in the fecal sample may not 
immediately raise concern, as it’s been documented 
as the predominant nematode in Hermann’s tor-
toises [39], caution is warranted. Hallinger et al. 
[53] emphasize the prevalence of oxyurid infection 
in captive tortoises, noting that it often remains 
asymptomatic and may even serve a beneficial role 
in aiding digestion [39,56]. However, an excessive 
parasite burden can precipitate severe clinical 
manifestations, including anorexia, intestinal lac-
erations, inflammation, and perforation [53,57], as 
also observed in our study (Table 1).

More so, the treatment of nematodiasis in tortoises 
poses significant challenges due to the difficulties 
in administering medications orally and the poten-
tially toxic effects of anthelmintics like Ivermectin. 
The use of Ivermectin, in particular, presents hur-
dles compounded by its prolonged gastrointestinal 
transit time, which can impede drug absorption [48]. 
This emphasized the complexities the complexities 
involved in managing parasitic infections in tortoises 
and highlights the importance of tailored treatment 
approaches to ensure optimal outcomes.

The observation of hepatic vacuolation in 
Figures 1 and 2 and fatty liver in Figure 3 raises 
concerns regarding potential intoxication or 
adverse drug reactions stemming from the dos-
age of Ivermectin administered during treat-
ment, as highlighted by Cringoli et al. [48] also. 
This revealed the acute the acute and potentially 
life-threatening nature of Ivermectin usage in 

managing nematodiasis in Hermann’s tortoises, 
a sentiment echoed in the findings of Teare and 
Bush [41] concerning red-footed tortoises.

Also noted in our findings, was the presence of 
hemorrhagic lung (Fig. 4), kidney, and liver tissues, 
as well as general internal organs (Fig. 5), which 
indicates the likelihood of an acute mixed infection 
involving E. coli, S. enterica, and Borelliosis, as evi-
denced in Table 4. This further complicates the clin-
ical picture, which also aligns with the observations 
of Hallinger et al. [53] and Pak Kan et al. [57] as 
well. These findings underscore the intricate nature 
of the health challenges faced by the tortoises and 
highlight the potential for fatal complications if left 
unaddressed.

Moreover, the identification of urinary calculi 
(Fig. 6) in the bladder revealed concerns regard-
ing concerns regarding renal health in this species. 

Figure 1. A photograph of the liver showing hepatic vacuo-
lar degeneration (black arrow) with the use of Hematoxylin 
& Eosin stain (×100).

Figure 2. A photograph of the liver showing hepatic vac-
uolar degeneration (black arrow) with use of special stain 
(Trichrome ×400).
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While urinary calculi are documented in reptiles, 
including chelonians, the precise etiology in tor-
toises remains unclear [58,59]. Comprised mainly 
of urate, these calculi may be influenced by dietary 
factors, emphasizing the critical role of nutrition in 
the care of captive tortoises [60].

The emergence of Ivermectin-induced toxic-
ity in this study raises notable concerns, partic-
ularly given its association with the mortality of 
five out of the eight tortoises. Some veterinarians 

and herpetoculturists caution against the use of 
Ivermectin in chelonians, citing potential neurologi-
cal complications and subsequent fatalities [40,41], 
a concern corroborated by our observations. 
Reports also document toxicity from Ivermectin 
in various chelonian species, although Hammern’s 
Tortoise is not specifically mentioned, leading to 
progressive paralysis and ultimately death due to 
respiratory muscle paralysis [41]. This aligns with 
our findings as depicted in Table 3. Tortoises, nota-
bly the Leopard Tortoise (Geochelone pardalis), 
appear to be particularly susceptible to Ivermectin 
toxicity compared to other chelonians [40,41]. 
However, there remains a lack of significant stud-
ies evaluating the efficacy, dose-related effects, and 
toxicity of Ivermectin specifically in Hermann’s 
Tortoises.

The findings from Table 3 revealed low PCV 
levels in all three tortoises, while an increase in 
heterophils in these tortoises also corresponds to 
the observations reported by Donald et al. [44]. 
This may suggest generalized inflammation and 

Figure 3. A photograph of liver showing fatty liver (black 
arrow) due to acute ivermectin toxicity.

Figure 4. A photograph of the lung tissues (white arrow) 
showing haemorrhagic lesion.

Figure 6.  A photograph of the stone (urolith) found in the 
bladder of the carcasses.

Figure 5. A photograph of the internal organs showing gen-
eralized hemorrhagic lesion(white arrow).
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hemorrhagic organ involvement observed in the 
deceased tortoises, possibly due to underlying bac-
terial infections. In addition, the elevated WBCC 
in Table 3 could be attributed to the presence of 
Oxyuris spp. as noted in Table 4. Furthermore, the 
low hemoglobin concentration in two surviving tor-
toises might also be indicative of toxicity resulting 
from Ivermectin, consistent with findings reported 
by Yang et al. [61].

The findings from this analysis, along with 
insights from previous studies, underscore the crit-
ical importance of exercising caution and precision 
when administering medications to reptilian spe-
cies, particularly with the use of Ivermectin. The 
inadvertent administration of potentially excessive 
doses of Ivermectin highlights the need for greater 
awareness and adherence to safe dosage guide-
lines specific to this species. While supportive care 
enabled three tortoises to survive, the underlying 
pathophysiology of Ivermectin toxicity in tortoises, 
especially the Hermann’s species, necessitates 
thorough investigation to prevent similar incidents 
in the future. Understanding the mechanisms by 
which Ivermectin exerts its toxic effects can guide 
the development of more targeted and effective 
treatment strategies, ultimately safeguarding the 
well-being of reptile populations.

In light of these findings, it is crucial to adopt a 
comprehensive approach to diagnosis and man-
agement to ensure optimal outcomes for tortoises, 
including the Hermann’s species. By thoroughly 
investigating the underlying causes of toxicity and 
addressing associated infections and complications, 
veterinary professionals can minimize the risk of 
adverse outcomes and enhance the overall progno-
sis for reptilian patients. In addition, ongoing mon-
itoring and surveillance are essential to promptly 
detect and address emerging health issues in rep-
tiles, thereby reducing the likelihood of similar inci-
dents occurring in the future.

Conclusion
Ivermectin-induced toxicity represents a grave con-
cern for Hermann’s tortoises and other animals, 
particularly when dosages are administered with-
out careful consideration. This emphasized the crit-
ical need to understand the importance of judicious 
medication administration and diligent monitoring 
within reptile husbandry practices. It is impera-
tive that clinicians exercise extreme caution when 
prescribing antiparasitic drugs, particularly in the 
case of tortoises, and explore alternative treatment 

options whenever feasible to mitigate potential 
adverse effects on this species. Moreover, regular 
health assessments and parasite screenings must 
be integrated into the routine care of captive and 
pet tortoises to safeguard their well-being.

In addition to pharmacological considerations, 
proper husbandry practices play a pivotal role in 
preventing similar incidents within captive tortoise 
populations. Implementing deworming protocols, 
maintaining optimal environmental hygiene, and 
adhering to rigorous standards of care are para-
mount to ensuring the health and vitality of these 
magnificent creatures. By prioritizing conscien-
tious medication administration, vigilant monitor-
ing, and proactive health management strategies, 
we can collectively work towards safeguarding the 
welfare of Hermann’s Tortoises and other reptilian 
species in captivity, thereby fostering a harmoni-
ous coexistence between humans and the natural 
world.

Acknowledgment
This research was conducted without direct fund-
ing, and the authors extend their gratitude to the 
laboratory unit of the Nigeria Police Veterinary 
Hospital, Garki, Abuja, and its entire staff for their 
support and provision of necessary facilities for 
their samples analysis.

Conflict of interest
No external funding was received for the prepara-
tion of this manuscript.

Author’s contributions
All authors contributed equally to the conception, 
design, drafting, and revision of the manuscript. 
MH, DDI, and RAB conducted the post-mortem anal-
ysis and collected all samples for laboratory analy-
sis. ORA processed all samples in the laboratory. ZIO 
edited, reviewed, and proofread the manuscript. 
ABH provided the manuscript write up, overarch-
ing supervision and guidance throughout the devel-
opment of the main components of this work.

References
1.	 Salman M, Abbas RZ, Israr M, Abbas A, Mehmood 

MK, Khan MK, et al. Repellent and acaricidal activity 
of essential oils and their components against 
Rhipicephalus ticks in cattle. Vet Parasitol 2020; 
283:109–78.

2.	 Ali S, Ijaz M, Ghaffar A, Oneeb M, Masud A, Durrani 
AZ, et al. Species distribution and seasonal 



www.wisdomgale.com/jrvs� 132

A. Binhambali, M. Halidu, D. D. Ibrahim, Z. O. Idris, R. B. Abdulsallam, R. O. Attah

dynamics of equine tick infestation in two sub-
tropical climate niches in Punjab, Pakistan. Pak Vet 
J 2020; 40:25–30.

3.	 Jayawardene KLT, Palombo EA, Boag PR. Natural 
products are a promising source for anthelmintic 
drug discovery. Biomolecules 2021; 11:1457.

4.	 Baz MM, Hegazy MM, Khater HF, El-Sayed YA. 
Comparative evaluation of five oil-resin plant 
extracts against the mosquito larvae, Culex pipiens 
Say (Diptera: Culicidae). Pak Vet J 2021; 41:191–6.

5.	 Abbas RZ, Zaman MA, Sindhu D, Sharif M, Rafique 
A, Saeed Z, et al. Anthelmintic effects and toxicity 
analysis of herbal dewormer against the infection 
of Haemonchus contortus and Fasciola hepatica in 
goat. Pak Vet J 2020; 40:455–60.

6.	 Thuan NH, Pandey RP, Sohng JK. Recent advances 
in biochemistry and biotechnological synthesis of 
avermectins and their derivatives. Appl Microbiol 
Biotechnol 2014; 98:7747–59.

7.	 Bizhga B, Sönmez B, Bardhaj L, Sherifi K, Gündemir 
O, Duro S. Hyalomma aegyptium the dominant 
hard tick in tortoises Tesdudo hermanni boettgeri 
found in different regions of Albania. Int J Parasitol: 
Parasites Wildl 2022; 17:199–204; doi: https://doi.
org/10.1016/j.ijppaw.2022.02.002

8.	 Siroký P, Petrˇzelkov´a KJ, Kamler M, Mihalca AD, 
Modrý D. Hyalomma aegyptium as dominant tick in 
tortoises of the genus Testudo in Balkan countries, 
with notes on its host preferences. Exp Appl Acarol 
2006; 40 (3–4):279–90.

9.	 Shoop WL, Mrozik H, Fisher MH. Structure and 
activity of avermectins and milbemycins in animal 
health. Vet Parasitol 1995 Sep; 59(2):139–56; doi: 
10.1016/0304-4017(94)00743-v

10.	 Lumaret JP, Errouissi F, Floate K, Rombke J, 
Wardhaugh K. A review on the toxicity and 
non-target effects of macrocyclic lactones in 
terrestrial and aquatic environments. Curr Pharm 
Biotechnol 2012; 13:1004–60; doi: https://doi.
org/10.2174/138920112800399257

11.	 Bai SH, Ogbourne S. Eco-toxicological effects of 
the avermectin family with a focus on abamectin and 
ivermectin. Chemosphere 2016; 154:204–14.

12.	 Laing R, Gillan V, Devaney E. Ivermectin–old drug, 
new tricks? Trends Parasitol 2017; 33:463–72.

13.	 Khalil MS, Darwesh DM. Avermectins: the promising 
solution to control plant parasitic nematodes. J Plant 
Sci Phytopathol 2019; 3:81–5.

14.	 Haruo I, Satoshi Ō. Avermectin biosynthesis. Chem 
Rev 1997; 97(7):2591–610; doi: 10.1021/cr960023p

15.	 Pitterna T, Cassayre J, Huter OF, Jung PM, Maienfisch 
P, Kessabi FM, et al. New ventures in the chemistry of 
avermectins. Bioorg Med Chem 2009; 17:4085–95.

16.	 Wolstenholme AJ, Neveu C. The avermectin/
milbemycin receptors of parasitic nematodes. Pestic 
Biochem Physiol 2021; 181:105010.

17.	 Novelli A, Vieira BH, Cordeiro D, Cappelini LT, Vieira 
EM, Espindola EL. Lethal effects of abamectin on 

the aquatic organisms Daphnia similis, Chironomus 
xanthus and Danio rerio. Chemosphere 2012; 
86:36–40.

18.	 Tisler T, Kozuh EN. Abamectin in the aquatic 
environment. Ecotoxicology 2006; 15:495–502.

19.	 Vercruysse J, Claerebout E. Anthelmintics. In: The 
Merck veterinary manual, Wiley, Hoboken, NY, pp 
2637–52, 2016.

20.	 Varlamova AI, Kotchetkov PP, Arkhipov IA, Khalikov 
SS, Arisov MV, Abramov VE. Pharmacokinetic 
profile, tissue residue depletion and anthelmintic 
efficacy of supramolecular fenbendazole. Int 
J Pharm 2021; 607:120957; doi: https://doi.
org/10.1016/j.ijpharm

21.	 Pohl CB, Lorenzett MP, De Cecco BS, Henker LC, 
Panziera W, Driemeier D. Accidental closantel 
poisoning in sheep in the State of Rio Grande do 
Sul—Brazil. Acta Sci Vet 2020; 48:500; doi: https://
doi.org/10.22456/1679-9216.101078

22.	 Mayor DJ, Solan M, Martinez I, Murray L, McMillan 
H, Paton GI, et al. Acute toxicity of some treatments 
commonly used by the salmonid aquaculture 
industry to Corophium volutator and Hediste 
diversicolor: whole sediment bioassay tests. 
Aquaculture 2008; 285:102–8; https://doi.
org/10.1016/j.aquaculture.2008.08.008

23.	 Kuo J, Buday C, van Aggelen G, Ikonomou MG, 
Pasternak J. Acute toxicity of emamectin benzoate 
and its desmethyl metabolite to Eohaustorius 
estuarius. Environ Toxicol Chem 2010; 29(8):1816–
20; doi: https://doi.org/10.1002/etc.209

24.	 Daoud D, McCarthy A, Dubetz C, Barker DE. The 
effects of emamectin benzoate or ivermectin 
spiked sediment on juvenile American lobsters 
(Homarus americanus). Ecotoxicol Environ Saf 
2018; 163:636–45; doi: https://doi.org/10.1016/j.
ecoenv.2018.06.075

25.	 Rodrigues DDC, Buzullini C, Pereira TA, Curz BC, 
Gomes LVC, Soares VE, et al. Avermectin toxicity in 
bovines less than thirty days old. Res Vet Sci 2018; 
118:403–12.

26.	 Eissa FI, Zidan NA. Haematological, biochemical and 
histopathological alterations induced by abamectin 
and Bacillus thuringiensis in male albino rats. Acta 
Biol 2010; 61:33–44.

27.	 Lobetti RG, Caldwell P. Doramectin toxicity in a 
group of lions (Panthera leo). J S Afr Vet Assoc 
2012; 83:89–92.

28.	 Salman M, Abbas RZ, Mehmood K, Hussain R, Shah 
S, Faheem M, et al. Assessment of avermectins-
induced toxicity in animals. Pharmaceuticals 
(Basel) 2022 Mar 9; 15(3):332; doi: 10.3390/
ph15030332

29.	 Dey S, Kurade NP, Khurana KL, Dan A. 
Clinicobiochemical changes in ivermectin toxicity 
in Doberman pinscher pups. J Parasit Dis 2017; 
41:580–3.



133� www.wisdomgale.com/jrvs

Journal of Research in Veterinary Sciences.2024; 2(3): 125-134.

30.	 Abd-Elhady HK, Abou-Elghar GE. Abamectin 
induced biochemical and histopathological changes 
in the albino rat, Rattus norvegicus. J Plant Prot Res 
2013; 53:263–70.

31.	 Magdy BW, Mohamed FE, Amin AS, Rana SS. 
Ameliorative effect of antioxidants (vitamins C and E) 
against abamectin toxicity in liver, kidney and testis of 
male albino rats. J Basic Appl Zool 2016; 77:69–82.

32.	 Bischoff K, Mukai M, Ramaiah SK. Liver toxicity. 
In: Gupta RC (ed.). Veterinary toxicology: basic and 
clinical principles, 3rd edition, Elsevier, Amsterdam, 
The Netherlands, pp 239–57, 2018.

33.	 Zhu WJ, Zhang ZW, Wang XS, Xu SW, Li M, Li S. 
Effects of avermectin on microsomal cytochrome 
P450 enzymes in the liver and kidneys of pigeons. 
Environ Toxicol Pharmacol 2014; 38:562–9.

34.	 Zanoli JCC, Maioli MA, Medeiros HC, Mingatto 
FE. Abamectin affects the bioenergetics of liver 
mitochondria: a potential mechanism of hepatotoxicity. 
Toxicol Vitro 2012; 26:51–6.

35.	 El-Hamid SRA, Refaie AA. Ameliorative effect of 
Silybum marianum extract against avermectin induced 
toxicity in adult male rats. JASMR 2009; 4:25–31.

36.	 Wang XS, Liu C, Khoso PA, Zheng W, Li M, Li S. 
Autophagy response in the liver of pigeon exposed 
to avermectin. Environ Sci Pollut Res 2017; 
24:12767–77.

37.	 Zhu WJ, Li M, Liu C, Qu JP, Min YH, Xu SW, et 
al. Avermectin induced liver injury in pigeon: 
mechanisms of apoptosis and oxidative stress. 
Ecotoxicol Environ Saf 2013; 98:74–81.

38.	 Joseph PF. Tortoise health. In: Gibbs JP, Cayot LJ, 
Tapia Aguilera W (eds.). Biodiversity of world: 
conservation from genes to landscapes. Galapagos 
giant tortoises, Academic Press, Cambridge, 
MA, pp 355–80, 2021. Available via https://doi.
org/10.1016/B978-0-12-817554-5.00011-3

39.	 Mader DR. Reptile medicine and surgery. 2nd 
edition, Saunders Elsevier, Philadelphia, PA, 2006.

40.	 David H. Inadvertent administration of ivermectin 
to two Spurred Tortoises, Geochelone sulcata, 
without apparent toxic effects. Bull Assoc Reptilian 
Amphibian Vet 1997; 7(1):4; doi: https://doi.
org/10.5818/1076-3139.7.1.4

41.	 Teare JA, Bush RM. Toxicity and efficacy of 
ivermectin in chelonians. J Am Vet Med Assoc 1984; 
183(11):1195–7.

42.	 Exbrayat JM. Microscopy. In: Light microscopy and 
histochemical methods. Encyclopedia of food and 
health. Academic Press, Cambridge, MA, pp 715–
23, 2016.

43.	 Stuart M, Roger W, Jean M. Medicine and surgery 
of tortoises and turtles. Blackwell Publishing Ltd, 
Oxford, UK, 2004; doi: 10.1002/9780470698877.refs

44.	 Donald LN, Dianna L, Kyle B, Donna D. Hematologic 
and plasma biochemical changes associated 
with fenbendazole administration in Hermann’s 

Tortoises (Testudo hermanni). J Zoo Wildl Med 2005; 
36(4):661–72; https://doi.org/10.1638/04003.1

45.	 Larsson C, Bergström S. A novel and simple 
method for laboratory diagnosis of relapsing fever 
borreliosis. Open Microbiol J 2008; 2:10–2; doi: 
10.2174/1874285800802010010

46.	 Tuttle AR, Trahan ND, Son MS. Growth and 
maintenance of Escherichia coli laboratory strains. 
Curr Protoc 2021 Jan; 1(1):20; doi: 10.1002/cpz1

47.	 Ferone M, Gowen A, Fanning S, Scannell AGM. 
Microbial detection and identification methods: 
bench top assays to omics approaches. Compr 
Rev Food Sci Food Saf 2020; 19:3106–29; doi: 
10.1111/1541-4337.12618

48.	 Cringoli G, Rinaldi L, Maurelli M, Utzinger J. 
FLOTAC: new multivalent techniques for qualitative 
and quantitative copromicroscopic diagnosis 
of parasites in animals and humans. Nat Protoc 
2010; 5:503–15; doi: https://doi.org/10.1038/
nprot.2009.235

49.	 International Union of Conservation of Nature. The 
IUCN Red List of threatened species. IUCN Red List, 
Cambridge, UK, 2020. Available via http://www.
iucnredlist.org/

50.	 Dilrukshi NHN, Jayasooriya AP, Prathapasinghe 
GA. Hematological parameters and morphological 
characteristics of blood cells in turtle and tortoise 
species within captivity in Sri Lanka. J Adv Vet Anim 
Res 2019; 6(3):266–71.

51.	 Branch B. Tortoises, terrapins & turtles of Africa. 
Struik Publishers, Cape Town, South Africa, p 128, 
2008.

52.	 Duro S, Bizhga B, Sonmez B, Bardhaj L, Sherifi K, 
Gündemir O. Hyalomma aegyptium the dominant 
hard tick in tortoises Tesdudo hermanni boettgeri 
found in different regions of Albania. Int J Parasitol: 
Parasites Wildl 2022; 17:196–204; doi: https://doi.
org/10.1016/j.ijppaw.2022.02.002

53.	 Hallinger MJ, Taubert A, Hermosilla C, Mutschmann 
F. Occurrence of health-compromising protozoan 
and helminth infections in tortoises kept as 
pet animals in Germany. Parasites & Vectors 
2018; 11(1):352; doi: https://doi.org/10.1186/
s13071-018-2936-z

54.	 Krawczyk AI, van Duijvendijk GLA, Swart A, Heylen 
D, Jaarsma RI, Jacobs FH. Effect of rodent density 
on tick and tick-borne pathogen populations: 
consequences for infectious disease risk. Parasites 
& Vector 2020; 13(34):1–7.

55.	 Roselli MA, Cady SM, Lao S, Noden BH, Loss SR. 
Variation in tick load among bird body parts: 
implications for studying the role of birds in the 
ecology and epidemiology of tick-borne diseases. 
J Med Entomol 2020; 57(3):845–51; doi: https://
doi. org/10.1093/jme/tjz228

56.	 Rataj A, Lindtner-Knific R, Vlahović K, Mavri 
U, Dovč A. Parasites in pet reptiles. Acta 



www.wisdomgale.com/jrvs� 134

A. Binhambali, M. Halidu, D. D. Ibrahim, Z. O. Idris, R. B. Abdulsallam, R. O. Attah

Vet Scand 2011; 53(1):33; doi: https://doi.
org/10.1186/1751-0147-53-33

57.	 Pak Kan T, Pellett S, Blake D, Hedley J. Efficacy of 
a topical formulation containing emodepside 
and praziquantel (Profender®, Bayer) against 
nematodes in captive tortoises. J Herpetol 
Med Surg 2017; 27(3):116; doi: https://doi.
org/10.5818/17-04-107.1

58.	 Bel L, Tecilla M, Borza G, Pestean C, Purdoiu R, 
Ober C, et al. Diagnosis and surgical management 
of malignant ovarian teratoma in a Green iguana 
(Iguana iguana). BMC Vet Res 2016 Jul 19; 
12(1):144; doi: 10.1186/s12917-016-0773-x

59.	 Mader D. Calculi: urinary. In: Reptile medicine and 
surgery, 2nd edition, Elsevier, St. Louis, MO, pp763–
71, 2005.

60.	 Homer BL, Berry KH, Brown MB, Ellis G, Jacobson 
ER. Pathology of diseases in wild desert tortoises 
from California. J Wildl Dis 1998 Jul; 34(3):508–
23. doi: 10.7589/0090-3558-34.3.508

61.	 Yang P, Yu P, Wu S, Chie C. Seasonal hematology 
and plasma biochemistry reference range values 
of the yellow-marginated box turtle (Cuora 
flavomarginata). JZWM 2014; 45(2):278–86.


