

























































































































































































































































































4.2.1.5.2 Parasitic load of bats captured in urban and rural sites

Bats captured at the rural areas carried a higher ectoparasite load than bats captured at the urban
areas (Figure 4.5). The number of bat flies recorded on individual bats in the rural areas ranged
from one to six with an average of 0.24. Bats captured at the rural areas harboured mites ranging
from 1 - 25 with an average of 0.40. Finally, the number of ticks recorded on individual bats in

the rural areas ranged from 1 - 88 with an average of 0.66.

A Kruskal-Wallis H test showed a significant difference in bat fly infestation in rural and urban
sites (X>= 4.58, df = 1, p-value= 0.03233) with bats at the urban areas harbouring more
ectoparasites per individual bat. There was no significant difference in load of mites and ticks
infestations between urban and rural dwellings (X?= 0.21, df = 1, p-value- 0.6441 and X?= 2.51,

df =1, p-value= 0.1133 respectively).
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Figure 4.5: Comparison of the load of ectoparasite infestation on bats at urban and rural

dwellings.
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The highest load of bat flies (0.78) and mite (0.61) infestation per bat was harboured by bats
captured at the Tanoboase Sacred Grove (Figure 4.5). In contrast, the lowest load of bat flies
(0.02) and mites (0.19) per bat was harboured by bats at the ‘37’ Military Hospital. Bats captured
at Ve-Golokuati (Figure 4.6) harboured the highest load of ticks per bat (1.13) while the least

infestation of ticks per bat occurred at the Tanoboase Sacred Grove (0.02).

A Kruskall-Wallis H test was used to test for significance in parasite load across the four study
sites. Bats at the Tanoboase Sacred Grove harboured a significantly higher number of bat flies
(X?=91.10, df = 3, p-value < 0.01) while ‘37’ Military Hospital harboured the least load (Figure
4.6). On the contrary, the differences in load of mites and ticks were not significant (X?= 6.83,

df = 3, p-value= 0.0774 and X?= 6.93, df = 3, p-value= 0.0742 respectively).
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Figure 4.6: Comparison of load of bat fly, mite and tick infestations at the four capture sites.
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4.2.1.6 Monthly variation in ectoparasite prevalence and intensity of infestation

4.2.1.6.1 Monthly variation in prevalence

The highest proportion of infested bats was recorded in the month of March (44.06%) while the

lowest proportion was recorded in August (20%) (Figure 4.7).
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Figure 4.7: Monthly prevalence of ectoparasite on bats.
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4.2.1.6.2 Monthly difference in ectoparasite load

Bats captured in March harboured the highest load of bat flies (0.53) than bats captured in the
other months (April, July, August). No bat flies were recorded in April. The highest load of
mites was recorded in July (0.41) and the lowest in April (0.09). The difference in bat fly and
mite infestations among the months was significant (Kruskal-Wallis H test: X?= 27.43, df = 3,
p-value < 0.01 and Kruskal-Wallis H test: X?= 8.28, df = 3, p-value= 0.04 respectively). In
contrast, the highest number of ticks per bats occurred in the month of April (5.00) while the
least number of ticks per bat was recorded in August (0.02) (Figure 4.8). There was also a
significant difference in tick infestation among the months (Kruskal-Wallis H test: X?= 24.76,
df = 3, p-value < 0.01). For the three ectoparasite groups studied, their mean ectoparasite load

varied significantly between the months.

Mean Parasite Load (No. of Parasites
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Figure 4.8: Monthly comparison of ectoparasitic load on total number of bats captured.
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4.2.1.7 Influence of reproductive status on ectoparasite infestation of female bats

4.2.1.7.1 Differences in ectoparasite prevalence in reproductive and non-reproductive female

bats

Female bats that were sampled from the various sites included pregnant and lactating females.
Epomophorus gambianus had the highest proportion of pregnant female bats (31 out of 115)
captured and R. aegyptiacus had the least number of pregnant females (1 out of 11) (Figure
4.11). Lactating females of E. gambianus captured (18 out of 115) were more than lactating
females of the other species. No lactating females of R. aegyptiacus, E. helvum and H.

monstrosus were captured.

All pregnant females of R. aegyptiacus, E. helvum and H. monstrosus were infested with

ectoparasites. Pregnant females of E. buettikoferi and E. franqueti showed no infestation.
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Table 4.11: Ectoparasite infestation prevalence of pregnant and lactating females examined from the different study sites.

No. of Proportion of No. of Proportion of

Species Total no. of females pregnant pregnant females lactating lactating females

captured females infested (%) females infested (%)
Epomophorus gambianus 115 31 16.13 18 22.22
Rousettus aegyptiacus 11 1 100.00 0 00.00
Lissonycteris angolensis 5 2 50.00 1 00.00
Epomops buettikoferi 7 1 00.00 4 25.00
Epomops franqueti 11 2 00.00 2 50.00
Eidolon helvum 9 3 100.00 0 00.00
Hypsignathus monstrosus 3 1 100.00 0 00.00
Micropteropus pusillus 54 9 22.22 3 66.70
Nanonycteris veldkampi 4 4 75.00 1 100.00
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4.2.1.7.2 Parasitic load of reproductive and non-reproductive females

The number of bat flies harboured by non-reproductive females ranged from 1-3 with a mean
load of 0.15 bat flies per bat. The number of mites ranged from 1-5 with a mean of 0.34 mites
per bat. Pregnant females harboured bat flies with numbers ranging from 1-5 with a mean of
0.26 bat flies per bat. The number of mites harboured by pregnant females ranged from 1 to 25
with a mean of 0.63 mites per bats. Lactating female bats harboured bat flies (0.07 bat flies per
bat) and mites (0.24 mites per bat). The number of ticks on lactating females ranged from 1- 32
with a mean of 1.55 ticks per bats; there was no significant difference in tick infestation between
lactating and non-reproductive females (Kruskal-Wallis H test: X2 = 1.68, df = 2, p-value =
0.4317). Pregnant females did not harbour any ticks. There was no significant difference in bat
fly (Kruskal-Wallis H test: X?=0.84, df = 2, p-value = 0.6557) and mite (Kruskal-Wallis H test:
X? =158, df = 2, p-value = 0.4547) infestations between reproductive and non-reproductive

females.
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Figure 4.9: Comparison of load of bat fly, mite and tick infestations of female bats (non-

reproductive, pregnant and lactating).
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4.2.2 Bat infestation with endoparasites

4.2.2.1 Identification of haemoparasites

Approximately 48 percent of the total number of bats captured for which blood samples were
taken and examined microscopically (Plate 4.4), were infected with haemoparasites. These
haemoparasites were recorded in all the nine species of bats captured in the present study.
Positive samples were molecularly tested to determine the species of haemoparasites. All
samples tested negative, by PCR, for Plasmodium sp. (Plate 4.5), the species of interest. The
control sample band remained visible after electrophoresis indicating that the PCR amplification
conditions and reagent were ideal. Thus, the haemosporidian parasites observed in the blood of
sampled bats by microscopy may not be of the genus Plasmodium. Other genera of
haemosporidian parasites (Nycteria and Hepatocystis) known to infect fruit bats were not tested
for due to logistical and time constraints. Further studies will be carried out later on to determine

the species of haemosporidian parasites harboured by bats.
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Plate 4.4: Slide showing bat blood cells infected with haemoparasites. Infected cells are

depicted in the picture with red rings.
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4.2.2.2 Prevalence of haemoparasite infection

The proportions of the different species of bats infected with haemoparasites are as shown in

Figure 4.10. Prevalence of blood parasites infection was highest in Nanonycteris veldkampi

(80%) with the lowest observed in H. monstrosus (33.33%).
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Figure 4.10: Percentage prevalence of haemoparasite infection among the nine species of bats

examined during the study.
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A higher proportion of male bats (48.85% [128 out of 262]) were infected with haemoparasites
as compared to female bats (46.54% [101 out of 217]) (Figure 4.11), however the difference
was not significant (Mann-Whitney test: U= 28335, df = 1, p-value = 0.9438). With respect to
age categories, the highest prevalence of haemoparasitic infections occurred among juvenile
bats (50.34% [75 out of 149] showed infection), with the least observed in sub-adult bats
(45.52% (66 out of 145]) (Figure 4.12). There was again no significant difference in infestation

among the age categories (Kruskal-Wallis H test: X?= 0.26, df = 2, p-value = 0.8766).

Comparing infection prevalence in bats at the different capture sites, bats captured at the ‘37’
Military Hospital showed the highest prevalence of 54.17% [26 out of 48] (Figure 4.13). In
contrast, bats captured at Ve-Golokuati (43.35% [114 out of 263) were the least infected. There
was no significant difference in infection of bats at the different capture sites (Kruskal-Wallis

H test: X?= 3.74, df = 3, p-value = 0.2911).

Comparing infection prevalence in bats in the different capture months, the highest proportion
of infection was recorded in August (53.14%) while the least proportion was recorded in July

(33.33%) (Figure 4.14).
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Figure 4.11: Proportion of male and female bats infected with haemoparasites.
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Figure 4.12: Prevalence of heamoparasitic infection among the different age categories of bats.
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Figure 4.14: Proportion of bats infected with haemoparasites in the different months of

capture.
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The highest proportion of bats infected with haemoparasites were lactating female bats (68.97%
[20 out of 29]) (Figure 4.15). Pregnant female bats were the least infected (42.59% [23 out of
54]). A Pearson Chi-Square test indicated that there was a significant difference in
haemoparasite infection among female bats in the different reproductive status (X? = 37.738, df

=102, p-value < 0.01).

Proportion Infested (%)
N w N (8] (2] ~! [ee]
o o o o o o o

[EEN
o

o

Non-Reproductive Pregnant Lactating
Reproductive status

Figure 4.15: Proportion of female bats infected with haemoparasites.
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4.2.2.3 Helminth Infestation

Faecal samples of 29 bats were screened by PCR for helminthes (nematodes, cestodes and
trematodes). Positive and negative controls were used to assess the fidelity of the PCR reagents
and thermal cycling conditions as well as serve as standards to compare with samples that were
tested. Extracted DNA of Schistosoma mansoni and Wuchereria bancrofti were used for the
controls for trematodes and nematodes respectively. Taenia saginata DNA was used as control

for cestodes. All 29 samples tested negative.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Ectoparasite distribution and role in disease transmission

All species of bats captured and examined were infested with both ectoparasites (bat flies, ticks,
mites, bat bug) and endoparasites (hemoparasites). The four species of bat flies recorded
belonged to the superfamily Hippoboscoidea. This family is primarily found in the Old World
tropics and only a few of the 274 known species occur in the Neotropics and in Europe (Graciolli
and Dick, 2008). Nycteribia alternata, a common species of bat fly, was recorded on several
of the bat species examined. These flies have been reported on bats from the Afadzato Agumatsa
Range in a previous study (Nartey, Unpublished data). Maa (1962) indicated that this bat fly
was first observed on E. helvum in Cameroun by Kerr in 1936. In this study, they were recorded
on bats from the ‘37 Military Hospital, Buoyem and the Tanoboase Sacred Grove but not at
Ve-Golokuati, which comes as a surprise considering the fact that \VVe-Golokuati (N 06°59.851",
E 000°26.218") is geographically not far from the Afadzato Agumatsa Range (N 7°1.00°, E 0°
34.00’). The bat species that harboured N. alternata were Epomophorus gambianus, Rousettus
aegyptiacus, Lissonycteris angolensis, Eidolon helvum and Nanonycteris veldkampi. This

confirms the fact that N. alternata is a common parasite of bats and is not host specific.

Cyclopodia greefi greefi, another common bat fly, has been reported to occur on Rousettus
angolensis (now Lissonycteris angolensis) and Epomophorus sp. (Maa, 1962), but more
commonly on E. helvum. In this study, C. greefi greefi was recorded on R. aegyptiacus, E.
gambianus and L. angolensis, with the highest infestation occurring on E. helvum which

confirms that, indeed, these bat fly species commonly occur on E. helvum. Funmilayo (1976)
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also reported that E. helvum harboured higher numbers of C. greefi greefi than other species of
bats in a study done in Nigeria. C. greefi greefi was also observed on E. helvum specimens from
Ghana (Billeter et al., 2012). The occurrence of C. greefi greefi on E. gambianus is uncommon
(ACR, 2014).

The bat fly Eucampsipoda africanum , on the other hand, was not as common as N. alternata
and C. greefi greefi. Of the nine individual E. africanum recorded, five were picked from R.
aegyptiacus and four from L. angolensis. E. africanum has been reported previously to occur
commonly on these two species of bats as well as on E. helvum (Theodor, 1956). E. africanum
is reported also to be widely distributed over the Ethiopian region and recorded from localities
in Senegal to the Sudan and southwards to the Cape (Haeselbarth et al., 1966). Despite previous
reports of E. africanum as a common bat fly of E. helvum, R. aegyptiacus and L. angolensis
and the high numbers of these species of bats examined in the study, only four bats were found
to be infested with this bat fly. The findings from this study suggests that the species may not

be as common in Western Africa.

Eremoctenia vandeuseni was the most uncommon bat fly recorded in the study with just four
individuals recorded on Lissonycteris angolensis. E. vandeuseni was first recorded on
Miniopterus sp. from West New Guinea (Maa, 1962). According to Anciaux de Faveaux (1971),
bat flies usually encountered on Lissonycteris angolensis include Cyclopodia greeffi,
Dipseliopoda biannulata and Dipseliopoda setosa. However, none of these bat fly species were
collected on L. angolensis in this study. The bat species Epomops buettikoferi, Epomops
franqueti, Micropteropus pusillus and Hypsignathus monstrosus were not infested with bat flies

and this supports the fact that no reported cases of infestation of the four bat species with bat
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flies were found in the literature. These species of bats are known to roost singly or in small
groups (Kunz, 1996; Jones, 1972; Bradbury, 1977) and this may limit cross infestation with bat
flies common on other bat species. Incidentally, these bat species also rarely harboured mites

and ticks.

Mites recorded on bats in this study belonged to the families Spinturnicidae, Carpoglyphidae,
Psoroptidae, Tyroglyphidae, Trombiculidae and Pyemotidae. The highest incidence of mite
infestation on bats occurred with mites belonging to the family Spinturnicidae which comprise
three genera (Spinturnix, Ancystropus and Meristaspis). Mites of the family Spinturnicidae were
recorded on all species of bats examined in this study.

Spinturnix sp. were the most common mites recorded and were found on six different bat species
(E. gambianus, R. aegyptiacus, E. helvum, H. monstrosus, L. angolensis and H. monstrosus).
According to Bruyndonckx et al. (2009), different species of the genus Spinturnix rarely occur
on the same individual bat. However, in this study, an individual Eidolon helvum, was found to
harbour three different Spinturnix species (Spinturnix verutus, Spinturnix americana and
Spinturnix sp.). The mite species Meristaspis kenyaensis has been reported on R. aegyptiacus
(Hafez et al., 1994) and also on E. helvum (Dusbabek and Bergmans, 1980). In this study, M.
kenyaensis was shown to infest R. aegyptiacus and E. helvum and may therefore be host specific
to these species of bats (E. helvum and R. aegyptiacus). Ancystropus zeleborii, another common
mite, was first reported from R. aegyptiacus by Kolenati (1857). In this study, A. zeleborii was
collected from E. helvum and H. monstrosus. The only two species of bats from which mites
were collected were Epomops buettikoferi and Nanonycteris veldkampi, probably due to the low

number of these bat species captured, as suggested by Bertola et al. (2005). Not much is known
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about ectoparasites infesting E. buettikoferi and N. veldkampi (ACR, 2014). However, a mite
species Ancystropus aethiopicus has been recorded on N. veldkampi and M. pusillus (Hirst,
1923). In this study, Trombicula sp. (biting mites) were found on a single individual of N.
veldkampi. This is a significant finding since Trombicula sp. have been reported to transmit
Orientia tsutsugamushi, the causative agent of typhus fever in Asia and the Pacific region (Watt
and Parola, 2003; Kelly et al., 2009). Of significance also is the record of the Ebola virus
reported in N. veldkampi species captured in Ghana (Hayman et al., 2012). N. veldkampi thus
remains an important bat species worth further investigation in order to shed light on their
potential role as reservoirs of human pathogens.

Mites in general cause mainly severe allergic responses, eczema and asthma in humans causing
discomfort and pain (Walker, 1996). However, Spinturnix americana and Spinturnix verutus
have not yet been implicated in the transmission of any pathogens or diseases and therefore may
not be of any public health importance immediately. Otodectes cynotis is found around the
world (Hering,1838) and is known to occur in the ears of canids, foxes, cats, ferrets (Curtis,
2004; Otranto et al., 2004). This mite was collected on four species of bats; E. gambianus, E.
franqueti, E. helvum and M. pusillus in this study with the highest number occurring on M.
pusillus (55.56%) and the least number occurring on E. helvum (11.11%) and E. gambianus
(11.11%). O. cynotis feed on the epidermal debris inside the ear of the host and mainly causes
otitis externa, which is associated with thick reddish-brown crusts in the ear canals. O. cynotis
infection causes severe pruritis in these animals (Griffin et al., 2001). It is possible for humans
to acquire ear mites but this is rare. There are a few reports of suspected infections with
Otodectes mites in people (Weese, 2010). One report cited ear mites on the torso and extremities

of the owner of a cocker spaniel and another reported six mites from crusts on a woman’s
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eardrum (Curtis, 2004). O. cynotis infestation can lead also to secondary microbial infectons
with bacteria and fungi (Roy et al., 2011) hence they are of significant public health importance.
Several Acarus sp. were recorded on the bats examined in the current study and were found on
R. aegyptiacus, E. franqueti and most abundantly on E. gambianus. Acarus sp. affect humans
in various ways. Human cases of enteric acariasis, caused by Acarus sp., have been reported
where mites were found in excreta, suggesting their presence in the digestive tract (Martinez-
Marafion and Hoffman, 1976). Most of the acarid mites implicated in these cases belong to the
genera Acarus, Suidasia, or Tyrophagus. Acarus sp. could have significant effects on the health
of humans in communities where they are endemic due to their role in causing enteric acariasis.
Suidasia ponsifica was recorvered from the feaces of a woman and two infants in Mexico
(Martinez- Marafion and Hoffman, 1976) while various stages of an Acarus sp. together with
eggs, were recovered from the bile of a Romanian patient with chronic cholecystitis (Pitariu et
al., 1978).

Carpoglyphus sp. recorded on six bat species (E. gambianus, R. aegyptiacus, L. angolensis, E.
franqueti, E. helvum and M. pusillus) in the current study, has been associated previously with
a case of pulmonary acariasis (presence of mites in sputum) in Spain (Taboada, 1954).
Pulmonary ascariasis causes allergies which could lead to severe allergic sensitization and
discomfort in humans. Carpoglyphus sp. can cause also Grocer's itch, which is a cutaneous
condition characterized by pruritic dermatitis (William et al., 2006). The public health
importance of other mite species recorded rarely in this study (Periglischrus sp., Pyemaotis sp.
and Steatonyssus longipes) is unknown.

Species belonging to two families of ticks (Argas vespertilionis and Ixodes sp.) were infected

on E. gambianus, R. aegyptiacus and M. pusillus. Argas vespertilionis is a common tick
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occurring on bats and has been reported to infest the bat species R. aegyptiacus, Pipistrellus
pipistrellus, Pipistrellus kuhlii and Tadarida teniotis (Latreille, 1802). It would appear therefore
that this tick species infest both fruit-eating and insect-eating bats. The rarity of Ixodes ticks on
bats examined in this study suggests that ticks of the family Ixodidae do not commonly infest
bats. Tick bites may cause severe allergic reactions and tick paralysis which in turn causes
unsteady gait, weakness of the limbs, multiple rashes, headache, fever, flu-like symptoms,
tender lymph nodes and partial facial paralysis (Traub and Cummins, 2011). Tick typhus caused
by a bacterium, Rickettsia sp., which is transmitted by the tick Amblyomma maculatum, may
also cause headaches, multiple rashes, swollen glands, fever and flu-like symptoms. The disease
is rarely fatal and readily responds to antibiotic therapy (Webb et al., 2012). Borrelia sp. is
transmitted by the tick Ixodes scapularis and some common symptoms in humans infected
include aches, fever, muscle and joint pain, and arthritis. According to Webb et al. (2012),
twenty people died from tick paralysis between 1925 and 1945, but improvements in modern
medicine and the development of a tick antitoxin have prevented further deaths in the last 65
years.

Tick infestation in livestock and domestic animals is equally important as tick infestation causes
significant losses in livestock (cattle, rabbits, guinea pigs) and discomfort to domestic animals.
Losses in cattle arise from damage to hides, loss of productivity, anaemia, death and weakness
leading to greater mortalities (Merck Veterinary Manual, 1998). The tick Dermacentor
variabilis which transmits Rickettsia rickettsia causes tick paralysis in cattle, dogs, cats as well
as humans (Dryden and Payne, 2004). The tick Ixodes scapularis has also been implicated in
the transmission of Borrelia sp. in cats, dogs in addition to the reported cases in humans. Argas

vespertilionis, is known to transmit Borrelia sp., Rickettsiae sp. and Ehrlichia sp. in bats
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(Socolovschi et al., 2012). Hoogstraal (1952) noticed that the nymphs and adult of A.
vespertilionis bite humans in caves hence they have the potential to transmit pathogens from

bat ticks to humans.

5.2 Ectoparasitic prevalence on bat species

Some species of bats harboured a high number of a particular kind of ectoparasite than other
species of bats, indicating a high degree of host specialization among these parasites. In terms
of bat flies, R. aegyptiacus, L. angolensis and E. helvum were more heavily infested than the
other species of bats and this may be attributed to the roosting habits of the three bat species.
Eidolon helvum, for instance, is the most widely distributed fruit bat in Africa which tend to
live in groups of over 100,000; roosts can build up to millions at the same place at a time
(Mickleburgh et al., 2008). This results in individual bats being very close to each other for easy
transfer of parasites across members of the colony. This may be the reason for the high number
of parasites harboured by E. helvum. Rousettus aegyptiacus roost in caves (Albayrak et al.,
2008) which create favourable conditions for the spread of parasites among these bats since
there could be hundreds of bats in a single cave at a time. Despite the few individuals of L.
angolensis captured, a high proportion of them were infested with bat flies (70.59%). R.
aegyptiacus and L. angolensis appeared to share similar parasites, specifically bat flies. Weber
and Fahr (2006) indicated that L. angolensis also depends largely or exclusively on the
availability of caves as day roosting sites so this would explain why the two species share similar
parasites. Until recently, the two species were considered to be one species until they were
separated into different species on the basis of the differences in the use of the limbs, and the

absence of echolocation in L. angolensis (Lawrence and Novick, 1963).
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5.3 Ectoparasite infestation prevalence in different sexes and age groups of bats

A number of studies found female bats to harbour more ectoparasites than male bats (Schalk
and Forbes, 1997; McCurdy et al., 1998; Morales- Montor et al., 2004; Lucan, 2006), but in the
current study, male bats were found to harbour more bat flies than female bats. Other studies
that have reported higher infestation in male bats than female bats include Moore and Wilson
(2002) and Morrand et al. (2004). The higher burdens of ectoparasites in female bats has been
attributed to immunosuppression during reproduction and aggregation in nursery colonies
(Christe et al., 2007). However, another theory postulates that abundance of ectoparasite on bats
is influenced by host body size, sex and age of bat. Based on this theory that larger habitats
support more individuals, and as a result, more species than smaller habitats (Rosenzweig,
1995), Presley and Willig (2008) hypothesize that larger hosts (male bats) would be expected
to harbour more parasites than smaller hosts (female bats) since male bats are generally larger
than female bats. Flemming (1988) provides a more plausible explanation based on the fact that
male bats may have more than one harem in different shelter sites while females are isolated in

harems, thus minimizing the exposure of females to bat flies.

With the above inference, it is interesting to note that some studies have reported juvenile bats
to harbour more parasites than adult and sub-adult bats (Christe et al., 2000; Lucan, 2006).
Ectoparasites are transferred to the pups when female bats care for them during the breeding
season and as the pups may be inexperienced in grooming, they have minimal ability to reduce
ectoparasite burdens. With regards to mite and tick infestations on bats, sex and age of bat were

not observed to influence intensity of parasite load.
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A number of studies found reproductive females (pregnant and lactating) female bats to harbour
more ectoparasites than non-reproductive females (Schalk and Forbes, 1997; McCurdy et al.,
1998; Morales-Montor et al., 2004). During pregnancy and lactation, the immune system of
female bats tend to be compromised (Zenon and Hugh, 2011) to allow for the foetus to be
successfully carried to term and subsequently breastfed properly. It is possible that parasites
take advantage of this compromise in immune competence and parasitize pregnant and lactating
females which may not have enough time to groom in order to reduce ectoparasite abundance.
As such they are most likely to harbour more ectoparasites than non-reproductive females.
There was no such evidence in this study as there was no significant difference in ectoparasite
infestation between reproductive and non-reproductive females. Schad et al. (2012) and
Komeno and Linhares (1999) made similar observations where they found no significant
difference in infestation of ectoparasites between reproductive and non-reproductive female

bats.

5.4 Ectoparasite infestation prevalence at the different roosting sites

Buoyem had the most diverse ectoparasite occurrence among all the capture sites. The site had
a wide variety of vegetation that supported a highly diverse bat population ( eight species of
bats) and also a wider variety of ectoparasites. Majority of R. aegyptiacus bats from which most
of the bat flies were collected, were captured from the Buoyem site. The two rare bat flies (E.
africanum and E. vandeuseni) also were collected from R. aegyptiacus and L. angolensis
captured in Buoyem and were absent from Tanoboase Sacred Grove although these two sites
are geographically not far apart (N 07°43.416’, W001° 59.266" and N 07° 39.942', W 001°

51.448' respectively).
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The highest number of bats infested with ectoparasites, however, was recorded at the Tanoboase
Sacred Grove (62.96%) and the least at the ‘37° Military Hospital (22.92%). However, a higher
proportion of bats captured at Buoyem were infested with bat flies (31.30%), probably because
most of the bat species (R. aegyptiacus and L. angolensis) which harboured bat flies were
captured at this site. On the contrary, the highest proportion of bats infested with mites was
recorded at the Tanoboase Sacred Grove (33.33%). The Tanoboase Sacred Grove and Buoyem
study sites had roosting sites that were mainly caves while the roosting sites at the ‘37’ Military
Hospital and Ve-Golokuati comprised of trees. Hence, the higher parasites burdens at the
Tanoboase Sacred Grove and Buoyem study sites. This outcome is not surprising as these two
capture sites are similar. Bats captured at the Tanoboase Sacred Grove harboured a significantly
heavier load of bat flies than bats captured at the other three study sites (x?>= 91.10, df = 3, p-

value < 0.01).

5.5 Seasonal patterns of ectoparasite load

Seasonal differences in ectoparasite abundance on bats were observed and were influenced by
various factors. Months in which bats were captured were categorized into beginning of rains
(March and April) and short dry season (July and August). At the beginning of the rains, bats
had higher burdens of ticks as compared to the short dry season probably due to the influence
of temperature and humidity. The current results indicated an abundance of ticks that coincided
with the onset of the rainy season and declined steadily as the season progressed to the end of
the rainy season. Climate is known to be a better predictor of tick distribution than other factors
such as vegetation type (Cumming, 2002). In the temperate regions, parasites are usually

abundant in the summer, when the temperature is warm than in the winter when it is cold (Lucan,
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2006) and tick development has been reported to be influenced by humidity and temperature

variations (Ntiamoa-Baidu, 1987a; b; Olenev, 1927).

Most of the ticks recorded in this study were collected in the month of April and were mostly
Argas vespertilionis. Hosseini-Chegeni and Tavakoli (2013) established the optimum
temperature for growth of A. vespertilionis to be between 22 — 28°C at 80% relative humidity.
In Ghana, the average temperature (24 - 28°C) and relative humidity (80%) in April fall within
the optimal temperature and relative humidity for A. vespertilionis development. Milne (1948)
and MacLeod (1934) also noted that unfed ticks require a relative humidity above 80% to
survive, with anything less having a detrimental effect on their survival.

Mites are very diverse with so many species that may require a range of temperature and
humidity conditions for optimal reproduction and survival. Mite distribution show clear
seasonal patterns in the temperate regions but not in the tropics. Although it is cooler in the
rainy season than it is in the dry season in the tropics, the temperature difference is not as steep
a change as compared to the sharp temperature difference experienced in the temperate regions
(Houghton and Woodwell, 1989). This may account for the reason why mite abundance and

intensity was not affected by seasonal changes.

The highest prevalence of bat flies was recorded in the month of March, which marks the
beginning of the rainy season in southern Ghana. From all indication, bat fly infestation was at
its peak before the rains began. It is possible that the rains may have washed away some of the
bat flies harboured by bats as Pilosof et al. (2012) indicated that precipitation may directly

affect the survival of fly pupae hence the low numbers of bat flies during the rains.
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Another interesting observation was made of bat flies which were not recorded in VVe-Golokuati
until in August. Seasonal flowering of plants (Ficus elastica) and fruits (guava, mango) on
which bats feed on may account for this. Some fruites on which bats feed on flower and fruit
seasonally and will therefore not be available to bats throughout the year. An example of such
fruits include Ficus elastica, an important food source for bats which flower from March to
April (Mahbubur and Khanom, 2013) and the fruits will therefore be depleted by August. Bats
therefore move further away from their roosts in search of food and by so doing disperse
parasites to other roosting sites. It is assumed that the few individuals of the bat species R.
aegyptiacus and E. helvum, on which the few bat flies were collected from, may have come

form roosts further away from Ve-Golokuati.

5.6 Endoparasite distribution

5.6.1 Endoparasites prevalence of bat species

Bats are not only infested with ectoparasites but endoparasites as well. Bats had a surprisingly
high infection with haemoparasites corresponding to an overall prevalence of 47.71% (128 out
of 262). This result is similar to a study done by Schaer et al. (2013), which also reported
approximately 40% prevalence of bats infection with haemoparasites. Kudo (1966) suggested
that since arthropods, specifically bat flies, are known to transmit heamoparasites especially bat
malaria, it would be expected that individuals heavily infested with bat flies would be highly
infected also with haemoparasites. This was confirmed as R. aegyptiacus, L. angolensis and E.
helvum which had heavy infestations with bat flies were also highly infected with
haemoparasites.

On the contrary, E. gambianus, which had a low bat fly infestation, was highly infected with
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haemoparasites than E. helvum which were heavily infested with bat flies. This suggests
haemoparasite transmission from sources other than the bites of bat flies. Haemoparasite
infection could be influenced by the eating habits of the bats (Kudo, 1966) where fruit-eating
bats sometimes supplement their diet with insects which provide them with the nutrients,
particularly proteins that they do not get from feeding exclusively on fruits (Thomas, 1984;
Herrera et al., 2001). Bats captured at the ‘37’ Military Hospital, although not heavily infested

with bats flies, carried the heaviest infection with haemoparasites.

Infection with haemoparasites seemed not to be affected by sex, age, species or roosting site of
bats but was influenced by reproductive status of female bats. Hence, although there was no
significant difference in ectoparasite infestation between reproductive and non-reproductive
females, lactating female bats tended to have heavier infection with haemoparasites than
pregnant and non-reproductive females. This may be, as noted earlier, due to the immuno-
incompetence of female bats during pregnancy and lactation (Zenon and Hugh, 2011).

Several studies (eg. Kamani et al., 2014) have reported Bartonella sp., a bacteria infection, and
bat flies on the same bat. The bat flies get infected as they continuously feed on the bacteria
infected bats and may transmit the pathogens through urine, droppings and saliva to humans
when they bite humans (Wenzel et al., 1966). Nycteribiid bat flies also transmit
Polychromophilus spp. to bats (Gardner and Molyneux, 1988) therefore are of more concern
compared to the streblid bats flies which have not been implicated in the transmission of
haemoparasites. In the case of this study, all bat flies recorded were of the family Nycteribiidae
hence a high possibility of pathogen transmission to humans.

Transmission of trypanosomes is likely also to occur by an oral route when the vector insects

are eaten by insectivorous bats (Lima et al., 2012). Insectivorous bats would therefore be more
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likely carriers of trypanosomes than fruit-eating bats. Bat bugs of the family Cimicidae have
been known to harbour and transmit trypanosomes among bats and the grooming habits of the
bats probably facilitate transmission (Marinkelle, 1976; Gardner and Molyneux, 1988;
Molyneux, 1991). The absence of trypanosomes in bats in this study would be because of the
absence of bat bugs except for a single specimen collected from an Epomophorus gambianus in
Buoyem. According to Cavazzana et al. (2010), Hoare (1972), Marinkelle (1976) and Molyneux
(1991), there is no evidence that trypanosomes cause harm to bats. However, it is very possible

that these bats can be reservoirs for pathogenic trypanosome species which could harm humans.

5.6.2 Molecular analysis

Samples that tested positive for haemoparasites by microscopy were molecularly tested to
determine the species of Plasmodium in order to ascertain the impact of haemosporidian parasite
on bat biodiversity and possibly the role of bats as hosts of zoonotic malaria. The haemoparasite
of interest was the Plasmodium species which is the species of protozoan that causes malaria in
people. The agarose gel electrophoresis done yielded no results and further studies could not be
done. DNA extraction was done using the Chelex protocol of Wooden et al. (1993) which was
a reliable method of extraction. The lack of results may be because the haemoparasites observed
were not of the genus Plasmodium sp. but rather of other genera (eg. Nycteria sp. or
Hepatocystis sp.) that also infect bats. Several tests were run on samples to confirm the results.
A lot of troubleshooting was done to determine the shortcomings but none yielded results. The
microscopy showed that parasitemia was generally low with just a few cells showing high was
infection. The DNA extracted would therefore be very little which could be the reason why it

was not detected when an agarose gel electrophoresis was run on the samples.
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The volume of DNA was exponentially increased in each PCR cycle to cater for these low levels
of DNA. In the study done by Schaer et al. (2013), PCR was done using illustra* PuRe Taq
Ready-To-Go PCR beads (GE Health Sciences), which was reported to be more sensitive and
could determine very low concentrations of DNA. This however was not readily available for
the study and therefore the conventional form of PCR was used. Perhaps PCR done using the
normal PCR machine could not detect and amplify the low concentration of DNA enough for
detection. The cycling conditions for PCR were also changed in each cycle but this also did not
yield any results. Initially 35 cycles was used followed by 40 cycles. Throughout all these
changes, the control which had thousands of malaria parasites was visible when an agarose gel
electrophoresis was run. It was concluded that either the DNA extracted was too little to be
detected or the DNA extracted was not that of Plasmodium sp..

Apart from haemoparasites that were of interest, some bacteria were also observed in the blood.
Although the study of bacteria was not an aim of the study, it would be interesting to study the
species of bacteria that is harboured by bats since humans can also be plagued with bacteria
harboured by bats. Bats are known to harbour bacteria such as Bartonella sp. (Loftis et. al.,
2005), Rickettsia sp. (Diaz, 2010), and Borrelia sp. (Sonenshine, 1991) which can infect

humans.

5.6.3 Helminth Infestation

Bats are known to be infected with helminthes but in this study, none of the faecal samples of
the twenty nine bats screened molecularly showed any helminth infestation. Several studies of
helminth infections of bats have focused on insectivorous bats (Esteban et al., 1999; Okafor et

al., 2004; Tinnin et al., 2008; Junker et al., 2008) and a few on fruit-eating bats (Nogueira et
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al., 2004) where most of the helminthes were sampled from the gastrointestinal tract. This
difference in method could be a reason why helminthes were not detected in the bat stool
samples examined in this study. Due to the fact that this study was under a bigger project,
Dynamic Drivers of Disease in Africa Conservation (DDDAC), whose main aim was to
conserve bats, it was not possible to kill bats in order to observe gut contents. Therefore a less
intrusive method was used which was to sample faecal pellets and observe if there were any
helminth eggs in them.

The prevalence and incidence of helminthes are strongly influenced by the feeding habits and

foraging strategies of bats (Marshall and Miller, 1979), with most of them found in insect-eating
bats, that are prone to ingest an infected insect serving as intermediate host, than in fruit-eating
bats (Coggins, 1988). In a study by Saoud and Ramadan (1976), none of the R. aegyptiacus bats
captured harboured any helminth parasite, probably because these were strictly fruit eating bats.
This could be the reason why none of the screened bats assessed in this study had any helminth
infections since all were fruit eating bats. It could also be explained in that these bats may have
had either a single male or female adult infection and therefore there could not be any
reproduction to produce eggs. It could also be that bats harboured adult helminths that may have
exceeded their reproductive age hence the parasites shedding no eggs to be detected by PCR.

Not only do the intestines of bat sustain various helminths but diverse microbiota as well,
including insects, mites, bacteria and fungi (Estrada-Barcenas, 2010). Hence further studies are
required to shed light on the role these groups of pathogens play in bat biodiversity and the

potential transmission of zoonotic diseases to humans.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATONS

6.1 Conclusions

The findings of the study indicated that bats indeed harbour a wide array of ectoparasites (bat
flies, mites and ticks) and endoparasites. Four species of bat flies, eighteen species of mites, two
species of ticks and a bat bug were collected from the 480 bats examined. Two unidentified
mites were also recorded. Mites were the most abundant ectoparasite recorded on all species of
bats. From literature, some of these ectoparasites were vectors of diseases of public health
importance to humans. For example bat flies have been implicated in the transmission of malaria

and mites in the transmission of bacteria which cause allergies in humans among others.

Ectoparasites were collected from all four study sites. Buoyem, however had the most species
of ectoparasites and the ‘37° Military Hospital the least. Adult bats were significantly infested
with more bat flies than sub-adult and juvenile bats. There was no significant difference in mite
and tick infestations in the different age categories of bats. Male bats were significantly infested
with bat flies than female bats. There wass no significant difference in infestation with ticks and
mites between male and female bats. There was a significant difference in ectoparasite

infestation between reproductive and non-reproductive female bats.

Bats captured at the Tanoboase Sacred Grove harboured the highest load of bat flies and mites
while bats captured at the Ve-Golokuati harboured the highest load of ticks. A relationship
between month of capture and ectoparasite infestation was established where bats captured in
March had the heaviest bat fly load. The heaviest mite and tick loads were recorded in the

months of July and April.
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Approximately 48% of the total number of bats, comprising of all nine species, were infected
with haemoparasites. A higher proportion of male bats were infected with haemoparasites than
female bats. There was no significant difference in infection among the different age categories.
Also, bats captured at the ‘37’ Military Hospital were heavily infected than bats captured at the
other sites. The highest proportion of bats infected with haemoparasites was captured in August
while the least proportion was recorded in July. Here, lactating female bats were significantly
infected with haemoparasites than pregnant and non-reproductive females. Finally, none of the

bats captured were infested with helminths based on examination of faecal samples.

In summary, bats were noted to harbour parasites (bat flies, mites, ticks, bat bug and

haemoparasites) of noticeable public health importance.

6.2 Recommendations

¢+ To the best of my knowledge, for the first time, several ectoparasites comprising of four
bat fly species, twenty mite species and two tick speces have been isolated from bats in
Ghana. These ectoparasites may be of public health significance and also of importance
in relation to bat conservation efforts. Further studies are thus required to shed light on
the importance of these parasitic infestations to public health and biodiversity
conservation efforts. Additionally, more extensive studies at other locations in Ghana
are required to give a more complete overview of bat ectoparasites towards creating a
national database.

%+ The major haemoparasite observed was bat malaria parasites; a few bacteria infections
were also observed. Due to logistical and time cosntraints, an extensive study could not

be carried out to investigate further the specific species of malaria parasites. | would
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therefore recommend studies be carried out in order to identify the exact species of
haemoparasites infecting bats in Ghana.

Although bats are known to harbour parasites of zoonotic importance which could
potentially be vectored by ectoparasites, very little or no information exists on the role
of these arthropod ectoparasites (including those found in the present sudy) in pathogen
transmission either from bat to bat or bat to human. As such additional investigations
are required to determine the vectoral role of bat ectoparasites in disease transmission

to humans and animals, if any.
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