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Abstract 

Bats are currently threatened by increasing natural and anthropogenic activities necessitating 
efforts to conserve them worldwide. The present study evaluated the field body weight, body 
condition index, hepatosomatic index and histopathological alterations observed in some vital 
organs of the free-tailed bat (Chaerephon nigeriae) in Paiko, Niger State, North-Central Nigeria. 
Fifty-eight free-tailed bats of both sexes were used for the study. Body weight, forearm length, 
body condition factor, liver weight, hepatosomatic index and histopathological alterations in some 
vital organs were evaluated following standard procedures. Results showed that there was no 
significant difference (p > 0.05) between the sexes in the evaluated histomorphometric indices. 
There was a positive and significant (p < 0.05) correlation between the body weight of the bats and 
their forearm length, body condition index and liver weight. Also, there was a positive and 
significant (p < 0.05) correlation between the forearm length of the bats and their body condition 
index, liver weight and hepatosomatic index. Histopathological changes were observed mainly in 
the lungs, followed by the liver and kidneys. The lungs of majority of the bats (> 84%) showed 
marked pulmonary haemorrhages and thickened inter-alveoli septa with monocellular cellular 
infiltrates, while the lungs of only 27.6% of the bats had pulmonary oedema. Multiple hepatic 
vacuolation were observed in 82.8% of the bats, but only 13.8% exhibited hepatic congestion. 
Multiple renal tubular necrosis was recorded in 31.0% of the bats and only 10.4% exhibited renal 
interstitial haemorrhages. It was concluded that there were no sex-based differences in the 
morphometry of body weight, forearm length, body condition index, liver weight and 
hepatosomatic index, and that histopathologic lesions in the bat were found majorly in the lungs. 
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Introduction 

Bats (Order: Chiroptera), which has over 1300 

species, are reportedly the second largest 

mammalian group after rodents (Simmons, 

2005). The Order, Chiroptera, is subdivided 

into the “Old world” fruit-eating and nectar-

feeding bats (Sub-order: Megachiroptera) and 

the predominantly insectivorous bats with 

some as fish eaters (Sub-order: 

Microchiroptera) (Jones et al., 2022). Among 

the Microchiroptera is the family: Molossidae, 

which are distinctively elusive bats that tend 

to fly well above canopies and out of human 

reach, with the free-tailed ones being the 

swiftest of them all (Freeman, 1981).  

The Nigerian free-tailed bat, Chaerephon 

nigeriae (Thomas, 1913), is of the order 

Chiroptera, suborder Microchiroptera, family 

Molossidae, and genus Chaerephon. 

Chaerephon nigeriae is a large representative 

of the genus and has dark pelage with the 

presence of long white hair bands on the 

ventral part of the body and wing junction 

(Hayman and Hill, 1971). Chaerephon nigeriae 

inhabits the tropical to subtropical moist 

lowland forests, dry savanna and moist 

savanna (Naturalista, 2022). The common 

names for C. nigeriae include the Nigerian 

free-tailed bat or Nigerian wrinkle-lipped bat 

(English), Molosse du Nigéria (French), 

Nigeriese losstertvlermuis (Afrikaans) and 

Nigeria-Bulldoggfledermaus (German), 

according to African Chiroptera Project (2007). 

The name “Nigeriae” arose from the original 

description of the species specimen from 

Nigeria (Taylor, 2005). There are two 

subspecies of C. nigeriae that inhabit non-

overlapping regions, with Chaerephon nigeriae 

nigeriae (C. n. nigeriae) occurring in the 

northern part and Chaerephon nigeriae 

spillmanni (C. n. spillmanni) inhabiting the 

southern regions (Kingdon, 1974). However, C. 

nigeriae, is an Afrotropical species of bats 

found in almost the whole of sub-Saharan 

Africa ranging from Sierra Leone and southern 

Mali in the west to Ethiopia and Tanzania in 

the east, and to northern Namibia and 

Botswana in the south (Simmons, 2005). 

Increasing anthropogenic activities, which 

include destruction of bat habitats is currently 

threatening the existence of the free-tailed 

bat (Mickleburgh et al., 2002), and this has 

reportedly made C. nigeriae to adapt to 

roosting in buildings and cleared rainforest as 

a survival strategy (Willis et al., 2002). 

Although there are reports of naturally 

occurring lesions in bats in single case reports 

or investigations of specific disease conditions, 

reports on large bat populations under natural 

environmental exposures are few (Muhldorfer 

et al., 2011; Muhldorfer, 2013; Farina and 

Lankton, 2018; Schutz, 2020), hence the 

present study. Besides, very few field reports 

currently exist for large bat population 

required for the interpretations of cellular 

damage in both wild-caught and captive-born 

bats (Kirejczyk et al., 2021). Moreover, 

although the increasing diverse nature of 

human-bat interactions are hard to quantify 

(Hayman et al., 2013), field evaluation of bats 

may highlight the general health implications 

of exposure to deleterious environmental 

toxins. Also, very little information currently 

exist in available literature on the effects of 

direct and indirect exposure of bats to 

environmental pollutants (German Bat 

Observatory, 2021).  

Beyond the use of morphometric data for 

identification process, investigations of 

morphological and morphometric changes can 

also give an insight into bat’s adaptations in 

response to environmental exposure to 

pollutants and stress (Gračan et al., 2020; 

Kamilah et al. 2020); this thereby necessitates 

their continuous evaluation. In birds, 

morphological characteristics have been 

reported as indicators of health status (Dauwe 

et al., 2006), and therefore, may be used for 

same purpose in bats.  The present study 

evaluated the morphometry of the body 

weight, forearm length, body condition index, 
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liver weight and hepatosomatic indices, and 

tissue histopathological alteration in C. 

nigeriae of both sexes in Paiko, Niger State, 

North Central Nigeria.  

 

Materials and Methods 

Study Area: The study was carried out in 

Paiko, Paikoro Local Government Area, Niger 

State, North-Central Nigeria (Figure 1), which 

lies between Latitude 9°26'59.51"N and 

9°27'17.49"N and Longitude 6°38'40.58"E and 

6°38'50.01"E (Ahmed et al., 2020). Paiko town, 

which has a population of about 158,086 

covering a total area of 2,066 km2 (Ahmed et 

al., 2020), is a Guinea savanna area with an 

annual rainfall variation of 1200 – 1300 mm 

and mean annual temperature of between 

22°C – 25°C (Obiora et al., 2018) 

 

 
Figure 1. Map of Nigeria showing Paiko, Niger 

State, North-Central Nigeria (Adapted from: 

https://d-

maps.com/carte.php?num_car=4864&lang=en 

 

Collection and Preparation of Bat for the 

Study: A total of 58 C. nigeriae of both sexes 

trapped and caught with mist and hand nests 

in Paiko, Niger State, North-Central Nigeria 

were used for the study. After 

trapping/catching them, the bats were 

immediately removed from the nests to guard 

against injuries, strangulation or stress (Sikes, 

2016). Body weight, forearm length and sex of 

each bat was determined and promptly 

recorded. The presence of peculiar external 

genitalia formed the basis for sexing the bats.  

Ethics: Ethical approval for the study was 

obtained from the University of Abuja Ethics 

Committee on Animal Use (UAECAU) with 

Reference number: UAECAU/2021/001. 

Determination of the Body Condition Index: 

The body condition index (BCI) was 

determined by measuring and calculating the 

ratio of body weight to forearm length of each 

bat, as described by McGuire et al. (2018): 

Body condition index = Body weight (g)/ 

Forearm length (cm). 

Collection of Vital Organs of the Bats: 

Collection of the lung, liver, and kidney tissues 

from each of the bats was done after humane 

euthanasia with halothane (Bat World 

Sanctuary, 2010), under veterinary 

supervision.  

Determination of the Hepatosomatic index: 

Liver weight of each bat was determined and 

promptly recorded. The hepatosomatic index 

(HSI) of each rat was calculated using their 

body weight and liver weight, according to 

Sellers et al. (2007) as follows: Hepatosomatic 

index = Liver weight (g)/ Body weight (g) × 

100. 

Histopathological evaluation: The harvested 

tissues (lungs, liver and kidney) were fixed in 

10% neutral buffered formalin. 

Histopathological processing of the tissues 

followed standard procedures, involving 

paraffin embedding, sectioning at 5 µm, and 

staining with haematoxylin and eosin. The 

percentage occurrence of the 

histopathological alterations in the bats was 

recorded, and converted to proportions as the 

histopathology scores. 

Data analysis: Data obtained in the study was 

subjected to student’s t-test and Pearson 

correlation, using GraphPad software 

(GraphPad Prism, Version 7, USA, 
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www.graphpad.com). Significance was 

accepted at p < 0.05, and summary results 

were presented as means ± standard error of 

mean (SEM). 

 

Results  

The body weight, body condition factor, 

hepatosomatic index and histopathological 

alterations observed in the C. nigeriae used for 

the study are as shown in Table 1. There were 

no significant differences (p > 0.05) between 

the sexes in their body weight, forearm length, 

body condition index, liver weight, 

hepatosomatic index and organ 

histopathology score (Table 1).  

The correlation matrix for the 

histomorphometry of the C. nigeriae used for 

the study is shown in Table 2. The body weight 

of the bats significantly (p < 0.05) and 

positively correlated with their forearm 

length, body condition index and liver weight, 

while the forearm length significantly (p < 

0.05) and positively correlated with the body 

condition index, liver weight and the 

hepatosomatic index. Similarly, body condition 

index significantly (p < 0.05) and positively 

correlated with liver weight and the 

hepatosomatic index, while liver weight 

significantly (p < 0.05) and positively 

correlated with the hepatosomatic index only. 

The correlation between histopathology 

scores and other morphometric indices was 

weak and not significant (p > 0.05) [Table 2].  

The lungs of 84.48% of the bats showed 

marked pulmonary haemorrhages, and lungs 

of 89.65% of the bats had thickened inter-

alveoli septa with monocellular cellular 

infiltrates, but pulmonary oedema was 

observed in 27.58% of the bats (Figure 2). 

Multiple hepatic vacuolations were recorded 

in the liver of 82.76% of the bats, while 

hepatic congestion was recorded in the liver 

tissue of only 13.79% of the bats (Figure 3). 

Multiple renal tubular necrosis occurred in 

31.03% of the bats, and interstitial congestion 

and haemorrhages were observed in the 

kidney section of 5.17% and 10.35% of the 

bats, respectively (Figure 4). The overall 

distribution of histopathological alterations in 

the tissues of the sampled bats were in the 

order: lung (67.24%) > liver (48.28%) > kidneys 

(15.51%). 

  

Table 1: Body weight, liver weight, hepatosomatic index and organ histopathology score of free-
tailed bats (Chaerephon nigeriae) sampled at Paiko, Niger State, North-Central Nigeria. 

Parameters Overall Male Female P-value 

Body weight (g) 27.79 ± 1.14 28.74 ± 2.23 27.43 ± 1.33 0.6135 

Forearm length (cm) 4.20 ± 0.10 4.21 ± 0.22 4.19 ± 0.12 0.9487 

Body condition index 6.41 ± 0.18 6.60 ± 0.34 6.33 ± 0.21 0.5115 

Liver weight (g) 0.93 ± 0.05 0.97 ± 0.08 0.92 ± 0.05 0.6541 

Hepatosomatic index (%) 3.34 ± 0.10 3.40 ± 0.15 3.32 ± 0.12 0.6871 

Organ histopathology 

score 

0.45 ± 0.08 0.50 ± 0.12 0.41 ± 0.14 0.6070 

No significant differences (p > 0.05) between the sexes in all the parameters 
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Table 2: Correlation matrix (Pearson r) of body weight, body condition index, hepatosomatic index, 
and histopathology scores in free-tailed bat (Chaerephon nigeriae) sampled in Paiko, Niger State, 
North-Central Nigeria. 

Parameters Body 

weight 

Forearm 

length  

Body 

condition 

index  

Liver 

weight 

Hepatosomatic 

index 

Organ 

Histopathology 

scores 

Body weight -      

Forearm length 0.55* -     

Body condition 

index 

0.41* 0.83* -    

Liver weight 0.81* 0.58* 0.43* -   

Hepatosomatic 

index 

0.11 0.30* 0.27* 0.63* -  

Organ 

Histopathology 

scores 

0.24 -0.04 -0.01 0.19 0.13 - 

Values with asterisks are statistically significant (p < 0.05) 

 

 

 
Figure 2. Photomicrograph of the lung section of a free-tailed bat (Chaerephon nigeriae) sampled at 

Paiko, Niger State, North-Central Nigeria. Note the pulmonary haemorrhage (arrows) and 

thickened inter-alveoli septa (X) with mononuclear cellular infiltrates (arrowheads). [H & E; ×400] 
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Figure 3 Photomicrograph of the liver section of a free-tailed bat (Chaerephon nigeriae) sampled at 
Paiko, Niger State, North-Central Nigeria. Note the hepatic cords (arrowheads) and hepatic 
intracytoplasmic vacuolation (arrows). [H & E; ×400]   

 

 

 
Figure 4. Photomicrograph of the kidney section of a free-tailed bat (Chaerephon nigeriae) sampled 
at Paiko, Niger State, North-Central Nigeria. Note the tubular epithelial necrosis (arrows). [H & E; 
×400]   
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Discussion  

Weight determination is important in bats 

because bats can reportedly lose between 2.0 

– 3.2% of their body weights when aroused 

during hibernation (Boyles and Brack, 2009). 

Although female bats has reportedly larger 

than the males, unlike in other mammals 

where males are much larger than females 

(Ralls, 1976), there were no significant (p > 

0.05) differences in body weights between the 

male and female bats in the present study. 

This suggested that there are no major 

differences in the feeding and feed intake of 

the sexes (McGuire et al., 2009).  

Chan et al. (2006) reported that female 

humans of the same body weight often have 

slightly lower liver weight than males, due to 

their expected smaller fat-free mass (Kotler et 

al., 1996; Janssen et al., 2000), and therefore, 

smaller liver for their metabolic needs (Chan 

et al., 2006). However, in the present study, 

gender had no significant (p > 0.05) effect on 

liver weight of the evaluated bats. 

Nevertheless, liver weight reportedly increases 

with age in humans (Choukèr et al., 2004). 

Increased hepatosomatic index is often 

associated with hepatic hypertrophy or 

hyperplasia-induced hepatomegaly (Hall et al., 

2012), whereas toxic injury and death of 

hepatocytes results in decreased 

hepatosomatic index (Ma et al., 2005).  

Body condition index in bats is reported to be 

a measure of their energy reserves (McGuire 

et al., 2018), which is easily determinable 

under field condition unlike the more direct 

means (metabolic evaluations) that are either 

more expensive or impracticable in the field 

(Wilder et al., 2016). However, the constant 

presence of food within the bat’s habitats with 

no need to store up fat for the scarce season 

(Jenni-Eiermann and Jenni, 1998) or the effect 

of foetal body weight during pregnancy 

(Azeredo et al., 2019) are sources of variation 

often associated with body condition index 

evaluations in bats, even as bats may quickly 

lose ingested mass via defaecation (McGuire 

et al., 2009). Although lipid or glycogen 

accumulation can cause increased liver weight 

(Greaves, 2012), the observed hepatic 

intracytoplasmic vacuolation did not translate 

to heavier liver that could have considerably 

elevated the hepatosomatic index in the 

present study.  

The strong positive and significant correlation 

between body weight and forearm length, 

body condition index and liver weight is a 

function of their interrelatedness. 

Interstitial pneumonia was the most frequent 

histopathological alteration observed in 

tissues of the sampled bats compared to other 

cellular changes. The occurrence could 

probably be due to the lung’s susceptibility to 

several infectious agents and airborne 

particles (Mühldorfer et al., 2011), occasioned 

by the enormous relative size and respiratory 

surface areas it provides compared to non-

flying mammals (Maina, 2000). The pulmonary 

congestion, haemorrhages and thickened 

inter-alveoli septa with mononuclear cellular 

infiltration were consistent with interstitial 

pneumonia as reported in other mammals 

(Teshale et al., 2024). The hepatic 

intracytoplasmic vacuolations might denote 

hepatic fatty change, which could have been a 

normal physiologic response in bats, including 

reptiles (Divers and Cooper, 2000) or a 

response to stress and environmental 

disturbance-induced inappetence (Snyder et 

al. 2015). The diffuse tubular epithelial 

necrosis with interstitial congestion and 

haemorrhage in the kidneys of the evaluated 

bats were suggestive of nephritis (Imai et al., 

2006). These reports notwithstanding, 

Mühldorfer et al. (2011) attributed necrotizing 

nephritis recorded in free-ranging bats to 

certain infections like those associated with 

Escherichia coli or Pasteurella multocida.  

The extent of tissue histopathological changes 

in apparently healthy bats, irrespective of the 
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causes in the present case, could account for 

undocumented mortalities within the same 

bat population. This calls for targeted “cause-

effect” evaluation of either moribund or 

existing mortalities within bat population to 

help unravel the type and nature of the 

aetiology of such death each time. However, 

the weak and non-significant correlation 

between histopathological changes and the 

morphometric parameters suggested that the 

observed histopathological changes might not 

have been a function of the bat’s 

morphometric changes but possibly, as 

consequences of exposure to environmental 

toxicants. 

Conclusion: There was no significant 

difference between the sexes in the body 

weight, body condition index, hepatosomatic 

index and the histopathological alterations 

recorded in the evaluated bats.  The lungs 

were the most vulnerable organ for cellular 

damage in the bats under field conditions, 

probably due to their extensive absorptive 

surface areas and constant exposure to both 

environmental infectious and particulate 

agents. The findings in the present study 

highlighted the possible detrimental effects of 

changing ecosystem in apparently healthy bats 

as a time bomb to awaken human 

consciousness of our anthropogenic activities 

and the need for continuous investigation of 

the effects of exposure of bats to specific 

environmental toxicants.  
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