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Introduction

Parasites represent one of the most ecologically and 
evolutionarily significant components of biodiversity. They 
influence the health, population dynamics, and behaviour 
of their hosts, while simultaneously shaping community 
structures and trophic interactions in ecosystems (Anderson 
& Gordon, 2009; Poulin, 2011). Among vertebrates, reptiles 
occupy a distinctive position due to their wide ecological 
distribution, poikilothermic physiology, and evolutionary 
antiquity, all of which make them valuable hosts for a variety 
of parasitic taxa (Roca et al., 2012). Despite this importance, 
the parasitological study of reptiles, particularly lizards, 
remains relatively understudied in Africa when compared 
to mammals and birds (Bush et al., 1997; Mendoza-Roldan 
et al., 2021).

Reptiles, including lizards, snakes, and chelonians, 
host an array of ecto-  and endoparasites such as mites, 
ticks, nematodes, cestodes, trematodes, and protozoa (Jairo 
et al., 2020; Omonona et al., 2011). These parasites are not 
only vital for understanding reptilian ecology and evolution 
but also relevant for zoonotic disease surveillance, since 
reptiles can serve as reservoirs or mechanical vectors of 
human pathogens (Mitchell, 2011; Han et al., 2016). In 
recent years, the popularity of reptiles as pets and their close 
proximity to humans in peri-domestic environments have 
renewed interest in their parasitic fauna and its potential 
health implications (Janssen, 2021; Thompson et al., 2023).

The rainbow lizard, Agama agama (Linnaeus, 1758), 
commonly referred to as the red-headed rock agama, is 
a diurnal, insectivorous lizard belonging to the family 
Agamidae. It is widely distributed across sub-Saharan 
Africa, including Nigeria, and is highly adapted to 

human-dominated environments such as walls, fences, and 
rooftops (Harris, 1964). Males are easily recognizable by 
their brightly coloured heads and bodies, particularly during 
the breeding season, while females are duller in appearance 
(Crews et al., 1983). The species’ adaptability to urban and 
peri-urban areas, coupled with its frequent interactions 
with human dwellings, presents opportunities for parasite 
transmission between wildlife and human populations 
(Adeoye & Ogunbanwo, 2007; Belema et al., 2020).

Previous studies across different parts of Nigeria 
have documented a rich helminth fauna in A. agama. 
For instance, Adeoye and Ogunbanwo (2007) identified 
Strongyluris brevicaudata, Parapharyngodon awokoyai, 
and Oochoristica agamae among others from specimens 
collected in Lagos, reporting an overall prevalence of 
100%. Similarly, Omonona et al. (2011) reported high 
infection rates of nematodes (Strongyluris brevicaudata and 
Thelandros annulatus) in lizards from Ibadan, while Belema 
et al. (2020) found five species ofhelminths in specimens 
from Rivers State, including both nematodes and cestodes. 
These findings consistently indicate that A. agama acts as 
an important reservoir for helminth parasites in Nigeria.

Despite such reports, data from northern Nigeria, 
particularly the northwestern ecological zone, remain 
scarce. The region’s climatic conditions, characterized by 
lower annual rainfall, higher temperatures, and seasonal 
fluctuations, differ markedly from those of southern Nigeria, 
potentially influencing the composition and abundance of 
parasite species (Mbaya et al., 2013). Ecological variations 
such as vegetation type, soil moisture, and the presence 
of intermediate hosts (e.g., insects) are known to shape 
helminth transmission dynamics (Vicente et al., 2020). 
Hence, establishing baseline data on lizard parasites in this 
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region is essential for understanding geographical patterns 
in parasite diversity and prevalence.

Materials and methods

Study area

The study was carried out within the two campuses 
of Northwest University, Kano, located in Kano State, 
Northwestern Nigeria. The university operates two 
distinct campuses, namely: Main Campus (KofarRuwa, 
Gwale Local Government Area),andCity Campus (Kofar 
Nassarawa, Kano Municipal Local Government Area).
The Main Campus presents a semi-natural, less disturbed 
environment with open lawns, gardens, and patches of 
shrub vegetation that favour insect proliferation and lizard 
habitation. Conversely, the City Campus is highly urbanized, 
surrounded by paved surfaces, concrete buildings, and 
limited vegetation. These contrasting ecological features 
provide distinct environmental contexts for assessing 
differences in parasitic infections among Agama agama 
populations.

Study design and sampling period

A comparative cross-sectional survey was conducted 
between June 2024 and February 2025, covering both the 
rainy and dry seasons. A total of 30 adult rainbow lizards 
(Agama agama) were sampled (15 from each campus) 
using random capture methods. Only healthy-looking, 
active adult lizards were selected to minimize age-related 
or health-related bias in parasite load (Roca et al., 2012).

Capture and handling of lizards

Lizards were manually captured by hand early in the 
morning (07:00-09:00 h) when they were less active due 
to cooler temperatures. Captured specimens were placed in 
aerated plastic containers labelled according to sampling 
location and transported to the Parasite Biodiversity 
Research Laboratory, Department of Biological Sciences, 
Northwest University, Kano. Each specimen was euthanized 
using chloroform vapour in a desiccator following the 
humane guidelines outlined by Bursey et al. (2013).

Examination for ectoparasites

Before dissection, each euthanized specimen was 
examined externally for ectoparasites. The head, limbs, 
ventral and dorsal surfaces, armpits, and tail bases were 
carefully inspected using a hand lens (×10 magnification) 
and fine-tooth comb (Ozioko et al., 2021). Collected 
ectoparasites (if any) were preserved in 70% ethanol and 
later identified under a stereomicroscope following the 
morphological keys of Fajfer (2012) and Mendoza-Roldan 
et al. (2021).

Examination for haemoparasites

Approximately 0.5  mL of blood was collected via 
cardiac puncture using a sterile needle immediately after 

euthanasia. Thin and thick blood smears were prepared 
on clean glass slides, air-dried, and fixed in absolute 
methanol for 2  minutes. Slides were stained with 10% 
Giemsa solution for 10  minutes and examined under a 
light microscope using ×10 and ×40 objectives (CDC, 
2019). The smears were screened for intraerythrocytic 
protozoans such as Plasmodium spp. and Haemogregarina 
spp. (Mbaya et al., 2013).

Examination for endoparasites

Each lizard was placed dorsally on a dissection tray and 
pinned at the limbs. A mid-ventral incision was made from the 
throat to the cloaca to expose the thoraco-abdominal cavity. 
The digestive tract (stomach, small intestine, large intestine, 
rectum) and visceral organs (liver, lungs, heart) were carefully 
excised and placed in separate Petri dishes containing 0.9% 
normal saline (Oluwafemi et al., 2017).The contents of 
each organ were gently teased apart with dissecting needles 
under a stereomicroscope. The expressed materials were 
then examined for motile worms. Recovered helminths were 
counted, sorted by gross morphology, and transferred into 
labelled vials for preservation and further analysis.

Preservation and processing of parasites

Nematodes

Nematodes were killed in hot 0.9% saline, rinsed, and 
fixed in 70% ethanol. Specimens were then dehydrated 
through graded ethanol series (70%, 80%, 90%, 100%) 
for 10-15 minutes each, transferred to glycerine-alcohol, 
and stored in a desiccator for 1-2  weeks to allow slow 
evaporation (Gupta et al., 2009). Cleared nematodes were 
mounted in anhydrous glycerine and sealed with DPX.

Cestodes

Cestodes were fixed in Alcohol–Formol–Acetic acid 
(AFA), washed in distilled water, dehydrated through 
ascending ethanol series, and stained with Borax carmine 
for 12-18 hours. Stained worms were differentiated in 
acid-alcohol, dehydrated, cleared in xylene, and mounted 
in Canada balsam (Sepulveda & Kinsella, 2013).

Identification of parasites

Parasites were identified morphologically using 
diagnostic features such as body size, shape, presence 
or absence of suckers or hooks, tail morphology, and 
cuticular ornamentation. Reference identification keys and 
taxonomic descriptions were consulted from Babero and 
Okpala (1962), Adamson (1981), Bursey et al. (2013) and 
Vicente et al. (2020). Identification was performed under a 
compound microscope equipped with an ocular micrometer 
for morphometric measurements.

Statistical analysis

Descriptive statistics were employed to calculate 
Prevalence (%) and Mean intensity. A  two-sample t-test 
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was used to assess differences in mean parasite intensity 
between the Main and City Campuses. The Chi-square (χ²) 
test was used to determine differences in parasite species 
distribution across host populations. All analyses were 
performed using SPSS version 25.0 (IBM Corp., 2017) at 
a 95% confidence level (α=0.05).

Ethical considerations

This research was reviewed and approved by the 
Research Ethics Committee, Northwest University, Kano. 
All procedures adhered to the guidelines for the Care and 
Use of Laboratory Animals in Research (National Research 
Council, 2011). Efforts were made to minimize animal 
suffering and to use the smallest number of specimens 
necessary to achieve statistical reliability.

Results

All 30 Agama agama individuals examined from the 
two campuses of Northwest University, Kano, were found 
to harbour one or more helminth species, yielding an overall 
infection prevalence of 100%.A total of 486 individual 
helminths were recovered from the sampled hosts. Of these, 
368  (75.7%) originated from specimens captured at the 
Main Campus, whereas 118 (24.3%) were from the City 
Campus (Table  1). The mean intensity of infection was 
16.2±11.3 parasites per host, though this varied significantly 
between the two campuses. The Main Campus recorded a 
mean intensity of 24.53±16.50 parasites per host, while the 
City Campus recorded 7.87±3.87. Statistical comparison 
using a two-sample t-test revealed a significant difference 
in parasite intensity between the two campuses (t=4.53, 
p<0.001).

Four helminth species were identified from the 
gastrointestinal tracts of A. agama (Table 3). These 
comprised three nematode speciesandone cestode species, 
representing two classes and four genera.The nematodes 
accounted for the vast majority of parasites recovered 
(97.9%), while the cestodes constituted only 2.1% 
of the total count. The identified nematodes included 
Strongyluris sp., Parapharyngodon sp., and Thelandros 
sp., whereas the only cestode recovered was Oochoristica 
sp. (Table 2). Among these, Strongyluris sp. was the most 
dominant, representing 75.31% of all helminths recovered. 
Parapharyngodon sp. followed with 20.58%, while 
Thelandros sp. and Oochoristica sp. were least represented, 
each contributing 2.06% of the total count (Figures 2-13).

A Chi-square (χ²) analysis revealed asignificant 
variation in species distribution among recovered helminths 
(χ²=345.12, p<0.001), confirming that Strongyluris sp. was 
disproportionately more abundant than other taxa.

All helminths were confined to the alimentary canal, 
with no parasites observed in the lungs, liver, or heart. 
The rectum harboured the greatest number of parasites, 
accounting for 62.8% of the total count, followed by 
the large intestine (24.7%), and small intestine (12.5%) 
(Figure 1). No helminths were found in the stomachs of 
the examined specimens.

Identified parasites

No ectoparasites (ticks, mites, or lice) were detected on 
any of the examined A. agama specimens, despite thorough 
inspection of skin folds, tail bases, and axillary regions. 

Figure 1: Mouthpart and annulations in Parapharyngodon sp.

Table 1: Prevalence and intensity of helminth infection in Agama agama by location
Campus No. examined No. infected Prevalence (%) Total parasites Mean intensity (±SD)
Main Campus 15 15 100 368 24.53±16.50
City Campus 15 15 100 118 7.87±3.87
Total/Mean 30 30 100 486 16.20±11.30
t=4.53, p<0.001 (significant difference between campuses)

Table 2: Helminth species composition in Agama agama from 
both campuses
Parasite 
type

Genus/Species Total 
number 

recovered

Relative 
abundance 

(%)
Nematode Strongyluris sp. 366 75.31
Nematode Parapharyngodon sp. 100 20.58
Nematode Thelandros sp. 10 2.06
Cestode Oochoristica sp. 10 2.06
Total — 486 100

Table 3: Distribution of helminths within the digestive tract of 
A. agama
Organ/
Segment

Parasite species detected Number 
(%)

Small 
intestine

Strongyluris sp., Parapharyngodon 
sp.

61 (12.5%)

Large 
intestine

Strongyluris sp., Parapharyngodon 
sp., Oochoristica sp.

120 (24.7%)

Rectum Strongyluris sp., Parapharyngodon 
sp., Thelandros sp.

305 (62.8%)

Stomach None 0 (0%)
Total — 486 (100%)
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Similarly, all blood smears were negative for haemoparasites 
such as Plasmodium spp. and Haemogregarina spp.

Discussion

The present study revealed a 100% helminth infection 
rate among Agama agama within Northwest University, 
Kano, indicating that parasitism is a common feature of 
this species in northern Nigeria. Similar findings have 
been reported across the country, confirming A. agama as a 
natural reservoir for gastrointestinal helminths (Adeoye & 

Ogunbanwo, 2007; Sowemimo & Oluwafemi, 2017). The 
predominance of nematodes, particularly Strongyluris sp. and 
Parapharyngodon sp., agrees with earlier studies from Lagos, 
Ibadan, and Rivers State (Omonona et al., 2011; Belema et al., 
2020), suggesting strong host–parasite adaptation and a direct 
life cycle that promotes efficient transmission.

Infection intensity differed significantly between 
campuses, with lizards from the vegetated Main Campus 

Figure 2: Coiled uterus of Parapharyngodon sp.

Figure 6: Gravid female Strongyluris sp.

Figure 5: Mouthpart of Strongyluris sp. (Anterior end).

Figure 7: Tail of Strongyluris sp. (posterior end)

Figure 4: Gravid female in Strongyluris sp.

Figure 3: Conical tail in Parapharyngodon sp.
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harbouring more parasites than those from the urbanized 
City Campus. This spatial variation may be attributed to 
ecological differences; greater vegetation, soil moisture, 
and insect availability in the Main Campus likely 
favour parasite survival and exposure. Urban habitats, 
on the other hand, tend to be hotter and less humid, 
conditions that reduce infective-stage persistence (French 
et al., 2018).

The confinement of helminths to the lower intestine 
and rectum mirrors the niche preferences of Strongyluris 
and Parapharyngodon, which thrive in the posterior gut 
due to optimal nutrient conditions and slower food transit 
(Babero & Okpala, 1962). The absence of ectoparasites and 
haemoparasites may be linked to seasonal factors, limited 
vector presence, or periodic molting that removes external 
parasites (Arnold, 1986). However, while none of the 

Figure 10: Thelandros sp.

Figure 12: Proglottid of Oochoristica sp.

Figure 11: Oochoristica sp. anterior end

Figure 13: Tail Oochoristicasp.(posterior end)

Figure 8: Tail of Strongyluris sp. with papillae

Figure 9: Tail of Strongyluris sp. (posterior end view)
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detected helminths are known to be zoonotic, the proximity 
of A. agama to human dwellings raises potential concerns 
about environmental contamination. Parasite eggs shed in 
lizard faeces could indirectly affect domestic animals or 
humans through mechanical transmission by insects.

Conclusion

In conclusion, this study confirms A. agama as a 
robust host for nematodes and highlights the influence of 
habitat on parasite intensity rather than prevalence. The 
findings emphasize the need for continued parasitological 
monitoring of reptiles in urban ecosystems and molecular 
identification of helminths to better assess their ecological 
and public health significance.

Acknowledgements

The authors are thankful to Dr. Surayya Lawan Idris, HoD, 
Department of Biological Sciences, NWU for providing necessary 
laboratory facilities.

References

Adamson, M. L. (1981). Parapharyngodon osteopili  n.
sp. (Pharyngodonidae: Oxyuroidea) and a revision 
of Parapharyngodon and Thelandros. Systematic Parasitology, 
3, 105-117. https://doi.org/10.1007/BF00012216

Adeoye, G. O., & Ogunbanwo, O. O. (2007). Helminth parasites 
of the African lizard Agama agama (Squamata: Agamidae), 
in Lagos, Nigeria. Revista De Biología Tropical, 55(2), 417-
425. https://doi.org/10.15517/rbt.v55i2.6021

Anderson, R. M., & Gordon, D. M. (1982). Processes influencing 
the distribution of parasite numbers within host populations 
with special emphasis on parasite-induced host mortalities. 
Parasitology, 85(2), 373-398. https://doi.org/10.1017/
S0031182000055347

Arnold, E. N. (1986). Mite pockets of lizards, a possible 
means of reducing damage by ectoparasites.  Biological 
Journal of the Linnean Society, 29(1), 1-21.  https://doi.
org/10.1111/j.1095-8312.1986.tb01767.x

Babero, B. B., & Okpala, I. (1962). Parasites of the Lizard, Agama 
colonarum, in Nigeria with description of a new species. 
Transactions of American Microscopical Society, 81(3), 
228-234. https://doi.org/10.2307/3224042

Belema, A., Owhonda, K. N., & Olayinka, R. (2020). Helminth 
fauna of the rainbow lizard (Agama agama) in Okrika, 
Rivers State, Nigeria. Nigerian Journal of Parasitology, 
41(2), 125-132.

Bursey, C. R., Goldberg, S. R., & Kraus, F. (2013). A new species 
of Strongyluris (Nematoda: Heterakidae) from the lizard, 
Lophognathus temporalis (Sauria: Agamidae) from Papua 
New Guinea. Journal of Parasitology, 99(6), 1024-1027. 
https://doi.org/10.1645/13-258.1

Bush, A. O., Lafferty, K. D., Lotz, J. M., & Shostak, A. W. (1997). 
Parasitology meets ecology on its own terms: Margolis et 
al. revisited. The Journal of Parasitology, 83(4), 575-583.

Crews, D., Garrick, L. D., & Losos, J. (1983). Courtship behaviour 
in Agama agama. Herpetologica, 39(1), 41-50.

Fajfer, M. (2012). Ticks (Acari: Ixodida) Parasites of Reptiles. 
Experimental and Applied Acarology, 56(3), 287-296.

French, S. S., Neuman-Lee, L. A., & Webb, A. C. (2018). Parasite–
host interactions in changing environments: Physiological 

and ecological perspectives. Integrative and Comparative 
Biology, 58(5), 974-985.

Han, B. A., Kramer, A. M., & Drake, J. M. (2016). Global 
Patterns of Zoonotic Disease in Mammals.  Trends in 
Parasitology,  32(7), 565-577. https://doi.org/10.1016/j.
pt.2016.04.007

Harris, V. A. (1964). The life of the rainbow lizard. Hutchinson 
Tropical Monographs, London. 

Mendoza-Roldan, J. A., Modry, D., & Otranto, D. (2020). 
Zoonotic Parasites of Reptiles: A Crawling Threat. Trends 
in Parasitology,  36(8), 677-687. https://doi.org/10.1016/j.
pt.2020.04.014

Jairo, A., Roldan, M., & Mendoza, L. (2020). Zoonotic parasites of 
reptiles: A global perspective. Parasitology Research, 119(7), 
2121-2132. https://doi.org/10.1007/s00436-020-06699-1

Janssen, J. (2021). Parasitic infections of captive reptiles: A review 
of their prevalence and significance. Veterinary Parasitology: 
Regional Studies and Reports, 26, 100614.

Mbaya, A. W., Aliyu, M. M., & Nwosu, C. O. (2013). 
Haemoparasites of reptiles: Epidemiology and clinical 
significance in Nigeria. Journal of Veterinary Medicine and 
Animal Health, 5(2), 29-34.

Mitchell, M. A. (2011). Parasites of reptiles. In D. R. Mader 
(Ed.), Reptile Medicine and Surgery (pp. 343-359) Saunders 
Elsevier. 

National Research Council. (2011). Update of the Guide for the 
Care and Use of Laboratory Animals. (8th ed.). The National 
Academies Press. https://doi.org/10.17226/12910

Oluwafemi, R. A., Omonona, O. A., & Adeshina, S. A. (2017). 
Helminths of reptiles in southwestern Nigeria. African 
Journal of Ecology, 55(2), 180-188.

Omonona, O. A., Adebisi, A. A., & Olorunfemi, E. (2011). 
Parasitological studies of Agama agama lizard in Ibadan, 
Nigeria. Nigerian Journal of Parasitology, 32(2), 131-136. 

Ozioko, K. U., Okoye, C. I., Ubachukwu, P. O., Agbu, R. A., 
Ezewudo, B. I., & Ezea, C. O. (2021). Prevalence assessment 
of ectoparasitic arthropods among commonly consumed 
wildlife in Nsukka, southeast Nigeria. Bulletin of the National 
Research Centre, 45, 4. https://doi.org/10.1186/S42269-020-
00461-2

Poulin, R. (2011). Evolutionary ecology of parasites. (2nd ed.). 
Princeton University Press. 

Roca, V., Jorge, F. and Carretero, M. A. (2012). Synopsis of 
the helminth communities of the lacertid lizards from the 
Balearic and Canary Islands. Basic and Applied Herpetology, 
26, 107-116.

Sepulveda, M. S., & Kinsella, J. M. (2013). Helminth collection 
and identification from wildlife.  Journal of Visualized 
Experiments, (82), e51000. https://doi.org/10.3791/51000

Sowemimo, O. A., & Oluwafemi, R. A. (2015). A survey of 
helminth parasites of the lizard, Agama agama in Ile-Ife 
and Ibadan, Southwest Nigeria. Journal of Bacteriology and 
Parasitology, 8(1), 1000303. https://doi.org/10.4172/2155-
9597.1000303

Sures, B. (2004). Environmental parasitology: relevancy of 
parasites in monitoring environmental pollution.  Trends 
in Parasitology,  20(4), 170-177. https://doi.org/10.1016/j.
pt.2004.01.014

Thompson, R. C. A., Lymbery, A. J., & Smith, A. (2010). Parasites, 
emerging disease and wildlife conservation. International 
Journal for Parasitology, 40(10), 1163-1170. https://doi.
org/10.1016/j.ijpara.2010.04.009

Vicente, J. J., Rodrigues, H. O., Gomes, D. C., & Pinto, R. M. (2020). 
Nematodes of reptiles from Brazil: Composition and host–
parasite relationships. Journal of Helminthology, 94, e134.

https://doi.org/10.1007/BF00012216
https://doi.org/10.15517/rbt.v55i2.6021
https://doi.org/10.1017/S0031182000055347
https://doi.org/10.1017/S0031182000055347
https://doi.org/10.1111/j.1095-8312.1986.tb01767.x
https://doi.org/10.1111/j.1095-8312.1986.tb01767.x
https://doi.org/10.2307/3224042
https://doi.org/10.1645/13-258.1
https://doi.org/10.1016/j.pt.2016.04.007
https://doi.org/10.1016/j.pt.2016.04.007
https://doi.org/10.1016/j.pt.2020.04.014
https://doi.org/10.1016/j.pt.2020.04.014
https://doi.org/10.1007/s00436-020-06699-1
https://doi.org/10.17226/12910
https://doi.org/10.1186/S42269-020-00461-2
https://doi.org/10.1186/S42269-020-00461-2
https://doi.org/10.3791/51000
https://doi.org/10.4172/2155-9597.1000303
https://doi.org/10.4172/2155-9597.1000303
https://doi.org/10.1016/j.pt.2004.01.014
https://doi.org/10.1016/j.pt.2004.01.014
https://doi.org/10.1016/j.ijpara.2010.04.009
https://doi.org/10.1016/j.ijpara.2010.04.009

