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Abstract

Ticks are important vectors that transmit a variety of pathogenic microorganisms known to be medically
important worldwide. Many vertebrate groups have become host to this organism, and their presence and
abundance are an indicator of the condition of both host and its habitat. This study was conducted to determine
tick’s infestation and its prevalence on small mammal’s residing in the recreational forests (RF) and semi-urban
(SU) residential areas which have encountered Leptospirosis outbreak and cases in Hulu Langat, Selangor
Malaysia. Trapping of the small mammals involved deploying two hundred cage traps in a systematic one-
hectare plot (100 m x 100 m), as well as along the stream and forest trails at random. Ticks were extracted from
the captured individual hosts. Identification of the tick species was performed based on morphological features
and molecular approach using 16S rDNA and COI (cytochrome oxidase subunit I) genes. A total of 278
individuals of small mammals belonging to 15 species (13 Rodentia, 1 Scandentia and 1 Insectivora) were
captured in the study areas. From these, 34 individuals from eight small mammal species were infested with
ticks. The most infested host species was Muller’s giant Sunda rat (Sundamys muelleri) with 5.80% (n=16).
Ticks prevalence was slightly higher in RF with 6.40% (n=18) compared to SU with 5.80% (n=16). A total of
107 adult ticks (103 female and 4 male) were collected from the infested host. Ixodes granulatus was the most
dominant tick species encountered (70.40%, n=85), followed by Dermacentor sp. (18.60%, n=20), while
Amblyomma sp. was the least abundant (2%, n=2). This study provides information on tick species present and
tick burden on small mammal hosts within the study areas. Our findings suggest that the visitors to the
recreational forests and the residents of the semi-urban area were not only exposed to Leptospirosis bacteria but
also tick bites and potentially tick-borne disease, therefore, precaution should be taken to avoid contact with
small mammal hosts.
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Introduction

Many human and animal infectious diseases are transmitted through arthropod vectors such as lice,
fleas, and ticks (Jongejan & Uilenberg 2004). Disease transmission is largely affected by
environmental conditions (Rogers & Randolph 2006). In the last few decades, tick-borne diseases
have become a growing concern and numerous studies have been conducted to identify tick-borne
pathogens as well as their hosts especially in Asian countries such as China and Taiwan (Niu ef al.
2011; Chao et al. 2012; Wu et al. 2013). Ticks are among the most widely distributed blood feeding
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arthropods and vectors of various pathogens (Jongejan & Uilenberg 2004). One of the most
important tick-borne disease is the Lyme disease (Lyme borreliosis) caused by the spirochete
bacteria Borrelia burgdorferi, which is typically transmitted by ixodid ticks (Burgdorfer et al. 1982;
Morshed et al. 2005; Chao et al. 2012). The hard ticks of I granulatus, H. longicornis, and H.
bispinosa, for instance, were suggested as the principal vectors for the transmission of B. burgdorferi
spirochetes in China (Chu ef al. 2008).

Ticks have a diverse range of vertebrate hosts from which they feed on, affecting 240 species of
wild and domesticated animals, including many species of birds and reptiles (Greenfield 2011).
Besides, ticks have the ability to survive in different habitat types and parasitize variety of hosts,
making them a disease vector of interest in recent years (Greenfield 2011). Host-parasite associations
for ticks range across a spectrum, with some ticks species being host specialists or generalists. Many
species of ticks are opportunistic feeders, in which they feed on any animals, without any evident of
host selection (Krasnov et al. 2004; Brunner et al. 2008). Ticks and host associations are driven by
several factors such as tick life history, climate and host factors, including sex, age, and behaviour
(Randolph & Storey 1999).

Generally, small mammals such as rodents and shrews are recognized as key hosts for many tick
species and regarded as important vector in the transmission of several tick-borne pathogens
(Manneli ef al. 2012; Ostfield et al. 2014; Cull et al. 2017). Small mammals commonly exist in high
densities in forest habitats and the utilization of small mammals by ticks has been previously
investigated in forests (Dantas-Torres ef al. 2012).

Understanding of the host-parasite relationship is crucial, not only for the ecology of both hosts
and parasites but also for its importance in public health due to the potential for disease transmission.
In years 2016 to 2017, an epidemiological study was undertaken to investigate leptospirosis cases in
a number of recreational forests and semi-urban residential areas in Hulu Langat, Selangor state,
Malaysia, which involved the capture of small mammals such as wild rodents as potential carriers of
Leptospira bacteria. These current study leverages on the capacity of the above study to investigate
the host-parasite associations within small mammal communities in the affected areas. The small
mammal species inhabiting forests near human vicinity, along with the infesting tick species, was
identified in this study. We hypothesize that the composition of the small mammal community and
the associated ticks would vary by different habitat areas. In addition, prevalence of tick infestation
among these small mammal hosts could give information on which host species and which habitat
type is prone to tick infestation, so specific strategies to control tick population can be implemented.

Materials and methods

Study areas

The study was conducted in the forest near human vicinity as part of a larger epidemiological
study for leptospirosis cases in Hulu Langat, Selangor Malaysia. These areas can be categorized as
recreational forest (RF) and semi-urban residential areas (SU) which are located adjacent to the
forest. These site categories were represented by two locations each. The recreational forest sites
receive a huge number of visitors daily as it provides space for outdoor activities such as hiking,
swimming, and picnic. Thus, they are attractive to wild rodents due to the dumping of garbage and
food leftovers from visitors, which become their food source. Meanwhile, the selected semi-urban
residential sites have many houses scattered in a village-like fashion. The nearby forest supports the
livelihoods of the semi-urban households by providing vital ecosystem services in the forms of water
catchments. The households receive water directly from the forest, subjecting them to the risks of
leptospirosis.
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Small mammals sampling

Two hundred cage traps were used to capture small mammals in each habitat. Two sampling
methods were deployed: (1) a systematic one-hectare plot (100 m x 100 m) which consists of 100
traps each, (2) random sampling where 100 traps were placed randomly along the stream or forest
trails. Cage traps were baited with oil palm fruits, sweet potatoes with peanut butter, salted fish or a
special type of aromatic banana as this was shown to be effective to attract small mammals such as
rodents, squirrels and tree shrews (Shahrul ez al. 2008). Trappings was checked once daily in the
morning for five consecutive nights. Trapped animals were brought to the research station prior to
sample collection. Morphological measurements were taken and identification from physical
appearance was based on Francis (2008). Before handling, all animals were anesthetized with an
intramuscular injection of Zoletil® 50 as previously described (Rivas et al. 2015) and after gaining
consciousness, they were released back at their captured sites. Before releasing, the animals were
marked with numbered ear tags. Trapping and handling procedures for small mammals have been
approved by the animal research ethics committee at Universiti Kebangsaan Malaysia (FST/2016/
SHUKOR/18-MAY/750-MAY-2016-SEPT.-2018-AR-CAT2).

Ticks sampling and identification

Each host was carefully combed for ticks, which were collected with fine forceps before storing
individually in labeled cryo-vials containing 70% alcohol for preservation. Ticks were first identified
morphologically up to genus’s level, and classified based on the developmental stage (larvae,
nymph, or adult) and sex, following previously published taxonomic keys (Yamaguti et al. 1971 and
Walker et al. 2003). Tick species was further confirmed by the molecular approach. Tick samples
were first washed thrice in 70% ethanol followed by sterile deionized water to remove environmental
debris and disinfect the surface (Capri et al. 2011). The extraction of DNA was performed using the
MN-NucleoSpin® Tissue kit (MN Germany). Polymerase chain reaction (PCR) was performed to
amplify the partial 16S rDNA and COI (cytochrome oxidase subunit I) genes as described by Black
& Piesman (1994) and Folmer ef al. (1994) for the confirmation of tick species.

Data analysis

In an epidemiological study, prevalence is a measurement of all individuals affected by the
disease at a time (Shields & Twycross 2003). Prevalence gives a figure for a factor at a single point
in time (Jekel et al. 2001). In this study, the overall prevalence of infested small mammals and
prevalence of infested small mammals with ectoparasites was calculated.

Prevalence of infested host was calculated by using the formula below:

Total number of infested small mammals

= 10094

~ Total number of small mammals captured

Next, data were checked for normality test to determine whether the sample data fits a standard
normal distribution or not. Non-parametric Man-Whitney U test was performed to identify the
differences in prevalence of tick’s infestation in relation to site category (RF and SU). Next, one
sample Chi-square analysis was performed to determine the association between host gender and
tick’s infestation. One-way analysis of variance (ANOVA) was used to determine whether there are
any differences between tick species in different host species.

Sequencing alignment and phylogenetic analysis

Selected DNA sequences representative of tick species, animal host species in which the tick
was collected from, and the sampling location, were used in a BLAST search (http://
www.ncbi.nlm.nih.gov/BLAST) and aligned with other tick reference sequences that were available
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in the GenBank. Analysis of multiple sequence alignment of 16S rDNA and COI sequences were
generated with Muscle software tool in MEGA (Molecular Evolutionary Genetic Analysis) software
version 7 as described by Kumar et al. (2016). The alignment and trimming process was manually
edited to remove any alignment errors and exported as MEGA and FASTA format files.
Phylogenetic tree was performed by neighbour-joining (NJ) based on Kimura two-parameter model
(K2) to infer the relationships within and between tick species. Pairwise sequence comparison was
performed using MEGA software version 7.

Results

Prevalence of ticks in each host species in different study sites

A total of 278 small mammals belonging to 15 species from two different habitats were captured
and examined for tick’s infestation. Table 1 listed the number of individuals examined for each host
species, and the number of individuals infested with ticks. 15 host species were examined in this
study, namely Sundamys muelleri (Muller’s giant Sunda rat), Maxomys whiteheadi (Whitehead’s
maxomys), Leopoldamys sabanus (Long-tailed giant rat), Maxomys rajah (Rajah maxomys),
Maxomys surifer (Red spiny maxomys), Rattus norvegicus (Norway rat), Rattus rattus (House rat),
Rattus tiomanicus (Malaysian wood rat), Sundasciurus lowii (Low’s squirrel), Callosciurus notatus
(Inornate squirrel), Callosciurus caniceps (Grey-bellied squirrel), Sundasciurus lowii (Low’s
squirrel), Lariscus insignis (Three striped ground squirrel), Tupaia glis (Common treeshrew) and
Suncus murinus (House shrew).

TABLE 1. Prevalence of ticks in each small mammals’ species in all study areas.

Host species Examined Infested Prevalence (%) Ticks Load
Sundamys muelleri 42 16 5.80 75
Maxomys whiteheadi 59 4 1.40 8
Rattus tiomanicus 57 2 0.70 6
Tupaia glis 31 6 2.20 6
Rattus rattus 39 2 0.70 4
Maxomys rajah 8 2 0.70 4
Leopoldamys sabanus 11 1 0.35 3
Sundasciurus tenuis 3 1 0.35 1
Callosciurus notatus 12 0 0 0
Rattus norvegicus 4 0 0 0
Sundasciurus lowii 4 0 0 0
Suncus murinus 3 0 0 0
Callosciurus caniceps 2 0 0 0
Maxomys surifer 2 0 0 0
Lariscus insignis 1 0 0 0
Total 278 34 12.20 107

The most abundant host species captured were Maxomys whiteheadi (21%, n=59), Sundamys
muelleri (15%, n=42) and Rattus rattus (14%, n=39). The least abundant host species were Suncus
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murinus (1%, n=3), Callosciurus caniceps (0.7%, n=2), Maxomys surifer (0.7%, n=2 and Lariscus
insignis (0.3%, n=1). Among these, 34 individual hosts from eight species were infested with ticks,
which equals to 12.20% prevalence of ticks in all the small mammals captured here. Muller’s giant
Sunda rat (Sundamys muelleri) was the host species with the highest infestation, in which 16 out of
42 individuals were infested with ticks (5.80%). This was followed by Tupaia glis (2.20%),
Maxomys whiteheadi (1.40%), Rattus tiomanicus (0.70%), Rattus rattus (0.70%), Maxomys rajah
(0.70%), Leopoldamys sabanus (0.35%) and Sundasciurus tenuis (0.35%). There were no ticks
observed in the following seven small mammal species: Rattus norvegicus, Suncus murinus,
Maxomys surifer, Callosciurus notatus, Sundasciurus lowii, Callosciurus caniceps, and Lariscus
insignis.

From 278 small mammals captured, SU recorded 189 individuals small mammals (12 species)
compared to RF with 89 individuals (11 species). The prevalence of infested small mammals was
higher in RF with 6.40% (n=18) compared to SU with 5.80% (n=16) as shown in Table 2. However,
there was no significant difference in prevalence of tick’s infestation in relation to site category
(Man-Whitney U Test, U=3.00, N=4, P=0.102). Species representation of small mammals was
similar for both sites, except Leopoldamys sabanus which was found only in SU and Sundasciurus
tenuis in RF.

TABLE 2. Prevalence of ticks for each small mammal species according to study areas.

Site No. of host Host species Infested Prevalence (%)
RF 1 Maxomys whiteheadi 1 0.35
2 Sundamys muelleri 12 4.30
3 Rattus rattus 1 0.35
4 Rattus tiomanicus 1 0.35
5 Maxomys rajah 1 0.35
6 Tupaia glis 1 0.35
7 Sundasciurus tenuis 1 0.35
Total 18 6.40
SU 1 Maxomys whiteheadi 3 1.01
2 Sundamys muelleri 4 1.44
3 Rattus rattus 1 0.35
4 Rattus tiomanicus 1 0.35
5 Maxomys rajah 1 0.35
6 Tupaia glis 5 1.80
8 Leopoldamys sabanus 1 0.35
Total 16 5.80

RF: Recreational forests
SU: Semi-urban residential areas

Identification of tick samples

A total of 107 adult ticks of which 103 were females and only four males were collected from
the 34 infested small mammals belonging to eight host species. External morphological examination
of tick samples identified only one genus (/xodes) and other ticks identified as unknown due to lack
of morphology features such as missing part of mouthpiece, legs and fully engorged with blood. In
order to confirm the genetic identities of tick species in Selangor, all tick sample of 16S rDNA and
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COI sequences were aligned and compared with the downloaded sequences from the GenBank.
BLAST search result revealed three different tick species which were Ixodes granulatus (n=85),
Dermacentor sp. (n=20) and Amblyomma sp. (n=2).

TABLE 3. List of tick samples, host species and BLAST results from the GenBank.

Tick species (Molecular)

Sample Tick species % Similarity % Similarity
ID Code Host species (Morphology) with GenBank with GenBank
(16S rDNA) (corn

112-SU003 S. muelleri Ixodes sp. 1. granulatus (99) 1. granulatus (94)
220-SU003 S. muelleri Ixodes sp. 1. granulatus (99) 1. granulatus (94)
278-SU001 L. sabanus Ixodes sp. 1 granulatus (99) 1. granulatus (94)
283-SU001 M. whiteheadi Ixodes sp. 1 granulatus (99) 1 granulatus (94)
243-RF001 M. rajah Ixodes sp. 1 granulatus (99) 1. granulatus (94)
289-RF001 S. muelleri Ixodes sp. L granulatus (99) L granulatus (94)
289-RF010 S. muelleri Ixodes sp. L granulatus (99) L granulatus (94)
294-RF002 S. muelleri Ixodes sp. 1. granulatus (99) 1 granulatus (94)
351-RF002 R. rattus Ixodes sp. 1 granulatus (99) 1 granulatus (94)
351-RF003 R. rattus Ixodes sp. 1. granulatus (99) 1. granulatus (94)
275-SU002 S. muelleri Unknown Dermacentor sp. (99) Dermacentor sp. (87)
283-SU002 M. whiteheadi Unknown Dermacentor sp. (100) Dermacentor sp. (87)
289-RF005 S. muelleri Unknown Dermacentor sp. (99) Dermacentor sp. (87)
365-RF001 S. muelleri Unknown Dermacentor sp. (100) Dermacentor sp. (87)
122-SU001 T. glis Unknown Amblyomma sp. (97) Amblyomma sp. (91)

RF: Recreational forests
SU: Semi-urban residential areas

Phylogenetic analysis

Fifteen individuals tick samples from six host species were selected for the phylogenetic
analysis. The partial 16S rDNA and COI gene sequences showed 97%-100% and 87%-94%
similarities respectively to existing tick sequences in NCBI GenBank (Table 3). Neighbour-joining
(NJ) tree was generated using both sequences of tick samples in this study and other reference
sequences from the GenBank. NJ trees based on partial 16S rDNA and COI genes (Figures 1 and 2)
showed the formation of different major clades of Ixodes granulatus, Dermacentor sp., Amblyomma
sp., and separation from the outgroup (4rgas persicus). For both 16S rDNA and COI trees, all 1.
granulatus ticks in this study formed a monophyletic clade separated from the /. granulatus ticks
from China and Japan (bootstrap value = 100%). Pairwise sequence comparison of all the 1
granulatus ticks in this study showed intraspecific variation of 0% to 0.03% and 0.02% to 0.25% for
the partial 16S rDNA and COI sequences respectively. For Dermacentor sp. ticks, 283-SU002 and
289-RF005 were clustered with Dermacentor atrosignatus from Thailand and were separated from
275-SU002 and 365-RF001 in the NJ tree based of 16S rDNA (Figure 1, bootstrap value = 100%).
Similar clustering of 283-SU002 and 289-RF005 was observed in the COI NJ tree (Figure 2), which
was separated from 275-SU002 and 365-RF001 (bootstrap value = 68%). The samples here formed
a separate clade from Dermacentor silvarum from China (Figure 2, bootstrap value = 100%).
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Pairwise sequence comparison for 283-SU002 and 289-RF005 showed 0% and 0.09% dissimilarity
for the partial 16S rDNA and COI sequences respectively. There were more dissimilar to 275-SU002
and 365-RF001 for both genes (0.6% for 16S rDNA and 0.16% to 1.7% for COI). The Amblyomma
sp. tick in this study, 122-SU001, was separated from Amblyomma testudinarium from Japan and
China in 16S rDNA and COI NI trees respectively (Figure 1, bootstrap value = 88%, and Figure 2,
bootstrap value = 99%).

I. granulatus China (MG696715)
I. granulatus China (MG696718)

11 granulatus Japan (AB819235)

[ granulatus Japan (AB819237)

L1 granulatus Japan (AB819236)

. gramilatus (243-RF001)

I gramilatus (289-RF010)

I gramilatus (351-RF002)

I granulatus (294-RF002)

I gramulatus (283-SU001)

LI granulatus (220-SU003)

1. gramulatus (351-RF003)

I granulatus (112-SU003)

I granulatus (278-SU001)

I gramulatus (289-RF001)

100| 63

D. atrosignatus Thailand (KC170745)
*! Dermacentor sp. (283-SU002)
100 ) Dermacentor sp. (289-RF005)
Dermacentor sp. (275-SU002)
64 L Dermacentor sp. (365-RF001)

» 100 A. testudinarium Japan (AB$19167)
4{ A testudinarium Japan (AB602330)
B Amblyommasp. (122-SU001)
Argas persicus (Outgroup)

—
0.02

FIGURE 1. Phylogenetic relationships of 15 mitochondrial 16S rDNA genes of Ixodes sp., Dermacentor sp.,
and Amblyomma sp., rooted with the reference sequences (including 1 outgroup) available in the GenBank. The
tree was constructed and analysed with the neighbour-joining method with 1000 bootstrap replications.

Prevalence and intensity of tick species in different study sites

From this study, small mammals captured were infested by three different tick species (Table 4)
namely Ixodes granulatus with 79.40% (n=85), Dermacentor sp. with 18.60% (n=20), and
Amblyomma sp. with 2% (n=2). The number of ticks per host ranged from 1 to 17. In RF, a total of
59 ticks were collected of which were Ixodes granulatus with 48.60% (n=52), and Dermacentor sp.
with 6.54% (n=7) Meanwhile, in SU, a total of 48 ticks were collected which were Ixodes granulatus
with 30.84% (n=33), Dermacentor sp. with 12.15% (n=13), and Amblyomma sp. with 1.87% (n=2).
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The most common and abundant tick species in both areas was Ixodes granulatus (n=85). It was
found in seven out of eight infested host species (Maxomys whiteheadi, Maxomys rajah, Rattus
rattus, Rattus tiomanicus, Sundamys muelleri, Leopoldamys sabanus and Tupaia glis). There was a
significant difference of Ixodes granulatus in different host species (one-way ANOVA, F=4.729,
df=7, P=0.039). From the results, Sundamys muelleri harbours the highest infestation of Ixodes
granulatus (n=62) compared to other tick species. Meanwhile, Dermacentor sp. was found on six
host species (Maxomys whiteheadi, Sundamys muelleri, Maxomys rajah, Sundasciurus tenuis,
Tupaia glis, and Rattus rattus) whereas Amblyomma sp. was found only on Tupaia glis. One-way
ANOVA showed that there was no significant difference of Dermacentor sp. and Amblyomma sp. in
different host species respectively (F=2.082, df=7, P>0.05) and (F=0.735, df=7, P>0.05). In addition,
eight individuals of small mammals from three species (Sundamys muelleri, Maxomys whitehead;,
and Maxomys rajah) were found co-infested with Ixodes granulatus and Dermacentor sp.. In
addition, all collected ticks found were adult females with 96%, (n=103) and only four males. These
four males were found while mating with the females on the host.

TABLE 4. Host species, ticks load and a number of tick individuals according to species.

Study sites ~ Host species Ticks Load No. of tick individuals
Ixodes granulatus Dermacentor sp. Amblyomma sp.

RF Sundamys muelleri 45 42 3 0
Maxomys whiteheadi 2 1 1 0
Rattus tiomanicus 5 5 0 0
Rattus rattus 3 3 0 0
Maxomys rajah 2 1 1 0
Tupaia glis 1 0 1 0
Sundasciurus tenuis 1 0 1 0
Total 59 52 7 0

SU Sundamys muelleri 30 20 10 0
Maxomys whiteheadi 6 5 1 0
Rattus rattus 1 0 1 0
Rattus tiomanicus 1 1 0 0
Maxomys rajah 2 2 0 0
Tupaia glis 5 2 1 2
Leopoldamys sabanus 3 3 0 0
Total 48 33 13 2

RF: Recreational forests

SU: Semi-urban residential areas

Host sex and tick’s infestation

From this study, the sex ratio of small mammals captured was almost similar (142 males/136
females). There is a significant association between host gender and tick’s infestation (one-sample
Chi-square test, y*= 4.903, df= 1, P= 0.027,). Males harboured almost twice number of individual
ticks with 66.40%, (n=71) compared to females with 33.60%, (n= 36).
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FIGURE 2. Phylogenetic relationships of 15 mitochondrial cytochrome oxidase subunit I (COI) genes of Ixodes
sp., Dermacentor sp., and Amblyomma sp., rooted with the reference sequences (including 1 outgroup) available
in the GenBank. The tree was constructed and analysed with the neighbour-joining method with 1000 bootstrap
replications.

Discussion

This study reported the prevalence of ticks on small mammals captured in recreational forests and
semi-urban residential area. Our findings showed that the small mammals trapped in the recreational
forests are highly infested with ticks. Tick prevalence was almost two times higher in the recreational
forests compared to the semi-urban areas. The forested environment is likely to provide the
necessary biotic and abiotic requirements to support a high host density and the optimal
microclimatic conditions to sustain the tick life cycle (Gray 1991; Gray 1998; Barandika et al. 2007).
Most of the host species captured in recreational forests were forest species, which are known to host
high abundance of ticks (Mihalca & Sandor 2013). The findings are consistent with a study by
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Madinah et al. (2014), in which Scandentia (Tupaiidae) have lower ectoparasite loads as compared
to Rodentia (Scuiridac and Muridae). The differences in the ectoparasite load may be explained by
the differences in the behaviour, such as the irregular usage of nest by Scandentia, or biology, in
which the fur of Scandentia provides less optimal microhabitat for ectoparasites (Shabrina & Rafaee
1993). Additionally, host-seeking behaviours in small mammals, including burrowing or nesting,
could expose selected small mammals to more ectoparasites than others (Parola & Raoult 2001). We
found that ticks were absent from six host species (Rattus norvegicus, Maxomys surifer, Callosciurus
notatus, Sundasciurus lowii, Lariscus insignis and Suncus murinus). The absence of ticks on these
host species sampled may be due to a very low infestation rate, or the ecology of the host species
does not encourage tick infestation (Paramasvaran et al. 2009).

Similar to study by Paramasvaran et al. (2009), we found that Sundamys muelleri was the most
infested small mammal host species. This species was always found deep inside the forest forest
edge, near streams and human modified landscapes (Payne et al. 2014). To date, there is still lack of
information on the behaviour of this rodent species, especially its ranging and nesting patterns,
although numerous studies have reported their wide distribution across Malaysia and the Southeast
Asian region (Lynam & Billick 1999; Esselstyn et al. 2004; Paramasvaran et al. 2005; Charles &
Ang 2010). Loong et al. (2018) has successfully cultured an opportunistic bacterial pathogen
(Paenibacillus lautus) from ticks collected from this species. These opportunistic bacteria may be
transmitted to humans and other host through tick bites and cause disease. Finding from this study is
significant as it suggests that this species could sustain the ectoparasites within its home range and
potentially spreading them to new locations. This in turn may result in the spread of potential
ectoparasite-associated disease including tick-borne pathogens into new areas. This finding is
similar to the study by Medlock et al. (2013), who found that the expansion of roe deer contributed
to the spread of ticks into new geographical areas. Therefore, there is a necessity to further
investigate the ranging behaviour, both in pristine forests and in disturbed areas due to anthropogenic
activities, as well as to understand the potential role of Sundamys muelleri in sustaining and
dispersing the ectoparasites it carries.

We also found that males of small mammal’s host harboured a higher number of ticks compared
to female. Males are likely to have bigger home range and travel further distances compared to
female, increasing their chances of being exposed to tick infestation (Bantihun & Bekele 2015; Cull
et al. 2017). In addition, our results showed that the majority of the ticks collected were adult
females, whereby the males were found attached with the female ticks. Since male Ixodes ticks were
not known to engorge as they typically do not feed on host (Durden et al. 2018), the likelihood of
finding them on the host may be lower than female Ixodes ticks. Studies by Durden et al. (2018) also
recorded higher number of females (123 individuals) than males (9 individuals) in which most of the
recorded males had apparently been mating with females that were attached to the hosts.

Based on the morphological features, we were only able to identify one genus (Ixodes).
However, the genetic identities of the ticks were further confirmed by using molecular approach
using two different molecular markers. Sequence and phylogenetic analyses based on partial 16S
rDNA and COI genes confirmed the presence of 1. granulatus in this study. The I. granulatus in this
study showed low intraspecific genetic variation for both partial 16S rDNA and COI sequences,
consistent with previous findings on Malaysian I. granulatus (Ernieenor et al. 2016). However, the
molecular marker sequences from the previous study was not publicly available, therefore we are
unable to investigate the intraspecific variations between /. granulatus from this and the previous
study. Separation of the /. granulatus in the phylogenetic trees appeared to be influenced by
geographical origins, as ticks in our study formed a distinct clade from China and Japan specimens.
Analyses of the molecular markers also enabled us to identify Dermacentor sp. and Amblyomma sp.
ticks in this study. The partial 16S rDNA and COI of two of the Dermacentor sp. here appeared to
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be very similar to the sequences of a D. atrosignatus from Thailand, suggesting the possibility of
them being the same species. We were unable to identify the species of the other two Dermacentor
sp., as well as the single Amblyomma sp. here, using the molecular markers due to the lack of
reference sequences for tick species from this region. This implies there is a need to establish a
database of molecular markers for the various tick species in the region for the benefit of research
into ticks and tick-borne diseases here.

Ixodes granulatus was the most common tick species found in both study areas as this species
was known to infest mammalian hosts such as rodents, and shrews (Nadchatram 2008; Chao ef al.
2009; 2011; Madinah et al. 2011; 2013; Ernieenor ef al. 2016). 1. granulatus have been reported to
host and possibly transmit a number of tick-borne pathogens, including Rickettsia and Borrelia
(Kollars et al. 2001; Graves & Stenos 2003; Chao et al. 2010). The larvae of 1. granulatus were also
known to be human-biting, suggesting a potential risk of disease transmission to humans (Paperna
2006). It is currently unknown if the /. granulatus observed in the study areas are able to transmit
any disease agents; further studies will be required to reveal any disease agents that may be vectored
by ticks in these areas. Other adult tick species identified were Dermacentor sp. and Amblyomma sp.
However, Dermacentor sp. and Amblyomma sp. are more likely to parasitize medium or large-sized
mammals, such as wild boars, therefore they may not be commonly observed on rodents (Khoo et
al. 2017).

The findings from this study suggest that visitors to the recreational forests and the residents of
the semi-urban residential area are at risk of being exposed to the small mammals, which were not
only potential reservoirs of Leptospira bacteria, but also ticks, and possibly other ectoparasites, that
they carry. Therefore, there is need for control strategies to control the population of the small
mammals, including the improvement hygiene of surrounding environment in order to prevent
accumulation of rodents as pest, and ultimately to avoid contact with the small mammal hosts. For
the recreational forests, protective measures may be recommended to visitors, including the use of
insect repellants or protective clothing, to prevent the incident of tick bites and potential disease
transmission. On the other hand, residents of the semi-urban area could be educated about the health
risks of tick-borne diseases and encouraged to maintain high hygiene standards to reduce the
introduction of wild rodents and the associated ticks into the household. Continuous monitoring of
the host-parasite associations of the small mammals will be necessary not only to understand the
ecology of the small mammals and ticks, but to reveal the potential risks of tick-borne disease
transmission to humans sharing the same habitat with the animals.

Acknowledgments

This research was only made possible with financial support from Ministry of Higher Education and
the University of Putra Malaysia through Long-Term Research Grant Scheme (LRGS Phase 2/2014,
UPM/700-2/7/LRGS/55264000), as well as the University of Malaya Research University Grant
(RU005-2017). Fieldwork sampling and tick’s collection was conducted with the support from
members of Universiti Kebangsaan Malaysia, and University of Science Malaysia.

References

Bantihun, G. & Bekele, A. (2015) Diversity and habitat association of small mammals in Aridtsy forest, Awi Zone, Ethiopia.
Zoological Research, 36(2), 88-94.
http://doi.org/10.13918/j.issn.2095-8137.2015.2.88

2018 ISHAK ET AL.: PREVALENCE OF ON-HOST TICKS IN SMALL MAMMALS FROM MALAYSIA 1541

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 09 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Barandika, J.F., Hurtado, A., Garcia-Esteban, C., Gil, H., Escudero, R., Barral, M., Jado, 1., Juste, R.A., Anda, P. & Garcia-
Perez, A.L. (2007) Tick-Borne Zoonotic Bacteria in Wild and Domestic Small Mammals in Northern Spain. Applied
Environmental Microbiology, 73(19), 6166-6171.
http://doi.org/10.1128/AEM.00590-07

Black, W.C. & Piesman, J. (1994) Phylogeny of hard and soft tick taxa (Acari: Ixodida) based on mitochondrial 16S rDNA
sequences. Proceedings of the National Academy of Sciences of the United States of America, 91(21), 10034-10038.
https://doi.org/10.1073/pnas.91.21.10034

Brunner, J.L., LoGiudice, K. & Ostfeld, R.S. (2008) Estimating reservoir competence of Borrelia burgdorferi hosts: preva-
lence and infectivity, sensitivity, and specificity. Journal of Medical Entomology, 45(1), 139-147.
https://doi.org/10.1093/jmedent/45.1.139

Burgdorfer, W., Hayes, S. & Thomas, L. (1981) A new spotted fever group Rickettsia from the lone star tick. Amblyomma
americanum. In: Burgdorfer, W., Anacker, R.L. (Eds.) Rickettsiae and Rickettsial Diseases. New York, Academic Press,
pp. 595-602.

Carpi, G., Cagnacci, F., Wittekindt, N.E., Zhao, F., Qi, J., Tomsho, L.P., Drautz, D.I., Rizzoli, A. & Schuster, S.C. (2011)
Metagenomic profile of the bacterial communities associated with Ixodes ricinus ticks. PLoS One, 6, €25604.
http://doi.org//10.1371/journal.pone.0025604

Chao, L.L., Liu, L.L. & Shih, C.M. (2012) Prevalence and molecular identification of Borrelia spirochetes in Ixodes granula-
tus ticks collected from Rattus losea on Kinmen Island of Taiwan. Parasites & Vectors, 5(167), 1-9.
http://doi.org/10.1186/1756-3305-5-167

Chao, L.L., Wu, W.J. & Shih, C.M. (2009) Molecular analysis of Ixodes granulatus, a possible vector tick for Borrelia burg-
dorferi sensu lato in Taiwan. Experimental and Applied Acarology, 48(4), 329-344.
http://doi.org//10.1007/s10493-009-9244-4

Chao, L.L., Wu, W.J. & Shih, C.M. (2010) Molecular detection of Borrelia valaisiana related spirochetes from Ixodes granu-
latus ticks in Taiwan. Experimental and Applied Acarology, 52(4), 393-407.
http://doi.org/10.1007/s10493-010-9372-x

Chao, L.L., Wu, W.J. & Shih, C.M. (2011) Species identification of Ixodes granulatus (Acari: Ixodidae) based on internal
transcribed spacer 2 (ITS2) sequences. Experimental and Applied Acarology, 54(1), 51-63.
https://doi.org/10.1007/s10493-010-9419-z

Charles, J.K. & Ang, B.B. (2010) Non-volant small mammal community responses to fragmentation of Kerangas forests in
Brunei Darussalam. Biodiversity and conservation, 19(2), 543-561.
http://doi.org/10.1007/s10531-009-9691-6

Chu, C.Y., Liu, W,, Jiang, B.G., Wang, D.M., Jiang, W.J., Zhao, Q.M., Zhang, P.H., Wang, Z.X., Tang, G.P., Yang, H. & Cao,
W.C. (2008) Novel genospecies of Borrelia burgdorferi sensu lato from rodents and ticks in southwestern China. Jour-
nal Clinical Microbiology, 46(9), 3130-3133.
http://doi.org/10.1128/JCM.01195-08

Cull, B., Vaux, A.G.C., Ottowell, L.J., Gillingham, E.L. & Medlock, J.M. (2017) Tick infestation of small mammals in an
English woodland. Journal of Vector Ecology, 42(1), 74-83.
https://doi.org/10.1111/jvec.12241

Dantas-Torres, F., Alesio, F.M., Siqueira, D.B., Maufftey, J.F., Marvulo, M.F., Moraes-Filho, J., Camargo, M.C., D’Auria,
S.R., Labruna, M.B. & Sliva, J. (2012) Exposure of small mammals to ticks and rickettsiae in Atlantic Forest patches in
the metropolitan area of Recife, North-eastern Brazil. Parasitology, 139(1), 83-91.
https://doi.org/10.1017/S0031182011001740

Durden, L.A., Gerlach, R.F., Beckmen, K.B. & Greiman, S.E. (2018) Hyperparasitism and Non-Nidicolous Mating by Male
Ixodes angustus Ticks (Acari: Ixodidae). Journal of Medical Entomology, 55(3), 766-768.
http://doi.org/10.1093/jme/tjy012

Emieenor, F.C.L., Salmah, Y., Mariana, A., Ernna, G. Shukor, M.N. (2016) Precise identification of different stages of a tick,
Ixodes granulatus Supino, 1897 (Acari: Ixodidae). Asian Pacific Journal of Tropical Biomedicine, 6(7), 597-604.
http://doi.org/10.1016/j.apjtb.2016.05.003

Esselstyn, J.A., Widmann, P. & Heaney, L.R. (2004). The mammals of Palawan island, Philippines. Proceedings of the Bio-
logical Society of Washington, 117(3), 271-302.

Folmer, O., Black, M., Hoeh, W., Lutz, R. & Vrijenhoek, R. (1994) DNA primers for amplification of mitochondrial cyto-
chrome ¢ oxidase subunit I from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology, 3(5),
294-299.

Francis, C.M. (2008) 4 Guide to The Mammals of Southeast Asia. New Jersey, Princeton University Press, pp. 328-346.

Graves, S. & Stenos, J. (2003) Rickettsia honei. Annals of the New York Academy of Sciences, 990(1), 62—66.
https://doi.org/10.1111/j.1749-6632.2003.tb07338.x

1542 SYSTEMATIC & APPLIED ACAROLOGY VOL. 23

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 09 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Gray, J.S. (1991) The development and seasonal activity of Ixodes ricinus: a vector for Lyme borreliosis. Medical & Veteri-
nary Entomology, 79(6), 323-333.

Gray, J.S. (1998) The ecology of ticks transmitting Lyme borreliosis. Experimental & Applied Acarology, 22(5), 249-258.
http://doi.org//10.1023/A:1006070416135

Greenfield, B.P.J. (2011) Environmental parameters affecting tick (Ixodes ricinus) distribution during the summer season in
Richmond Park, London. Bioscience Horizon, 4(2), 140-148.
https://doi.org/10.1093/biohorizons/hzr016

Jekel, J.F., Katz, D.L., Elmore, J.G. & Wild, D. (2001) Epidemiology, biostatistics, and preventive Medicine. Philadelphia,
WB Saunders.

Jongejan, F. & Uilenberg, G. (2004) The global importance of ticks. Parasitology, 129(1), 3-14.
http://doi.org/10.1017/S0031182004005967

Khoo, J.J., Lim, F.S., Tan, K.K., Chen, F.S., Phoon, W.H., Khor, C.S., Pike, B.L., Chang, L.Y. & AbuBakar, S. (2017) Detec-
tion in Malaysia of a Borrelia sp. from Haemaphysalis hystricis (Ixodida: Ixodidae), Journal of Medical Entomology,
54(5), 1444-1448.
http://doi.org/10.1093/jme/tjx131

Kollars, T.M., Tippayachai, B. & Bodhidatta, D. (2001) Short report: Thai tick typhus, Rickettsia honei, and a unique rickett-
sia detected in Ixodes granulatus (Ixodidae: Acari) from Thailand. The American Journal of Tropical Medicine and
Hygiene, 65(5), 535-537.
http://doi.org/10.4269/ajtmh.2001.65.535

Krasnov, B.R., Shenbrota, G.I., Khokhlovab, I.S. & Poulinc, R. (2004) Relationships between parasite abundance and the tax-
onomic distance among a parasite’s host species: an example with fleas parasitic on small mammals. International Jour-
nal for Parasitology, 34(11), 1289-1297.
https://doi.org/10.1016/j.ijpara.2004.08.003

Kumar, S., Stecher, G. & Tamura, K. (2016) MEGA7: Molecular evolutionary genetics analysis version 7.0 for bigger datas-
ets. Molecular Biology and Evolution, 33(7), 1870-1874.
https://doi.org/10.1093/molbev/msw054

Loong, S.K., Ishak, S.N., Lim, E.S., Khoo, J.J., Tan, S.N., Freddy-Jalin, E.J., Mohd-Taib, F.S., Abubakar, S. (2018) Paeniba-
cillus lautus, an opportunistic bacterial pathogen, isolated from Ixodes granulatus Supino (Acari: Ixodidae) collected
from a Muller’s giant Sunda rat (Sundamys muelleri). Systematic & Applied Acarology, 23(4), 597-602.
http://doi.org/10.11158/saa.23.4.2

Lynam, A.J. & Billick, I. (1999) Differential responses of small mammals to fragmentation in a Thailand tropical forest. Bio-
logical Conservation, 91(2-3), 191-200.
https://doi.org/10.1016/S0006-3207(99)00082-8

Madinah, A., Abang, F., Mariana, A., Abdullah, M.T & Mohd-Azian J. (2014) Interaction of ectoparasites-small mammals in
tropical rainforest of Malaysia. Community Ecology, 15(1), 113-20.
https://doi.org/10.1556/ComEc.15.2014.1.12

Madinah, A., Fatimah, A., Mariana, A. & Abdullah, M.T. (2011) Ectoparasites of small mammals in four localities of wildlife
reserves in Peninsular Malaysia. The Southeast Asian Journal of Tropical Medicine and Public Health, 42(4), 803-13.

Manrelli, A., Bertolotti, L., Gern, L. & Gray, J. (2012) Ecology of Borrelia burgdorferi sensu lato in Europe: transmission
dynamics in multi-host systems, influence of molecular processes and effects of climate change. FEMS Microbiology
Reviews, 36, (4), 837-861.
https://doi.org/10.1111/.1574-6976.2011.00312.x

Medlock, .M., Hansford, K.M., Bormane, A., Derdakova, M., Estrada-Pefia, A., George, J.C., Golovljova, L., Jaenson, T.G.T.,
Jensen, J.K., Jensen, P.M., Kazimirova, M., Oteo, J.A., Papa, A., Pfister, K., Plantard, O., Randolph, S.E., Rizzoli, A.,
Santos-Silva, M.M., Sprong, H., Vial, L., Hendrickx, G., Zeller, H. & Van Bortel, W. (2013) Driving forces for changes
in geographical distribution of Ixodes ricinus ticks in Europe. Parasites & Vectors, 6, 1.
https://doi.org/10.1186/1756-3305-6-1

Mihalca, A.D. & Sandor, A.D. (2013) The role of rodents in the ecology of Ixodes ricinus and associated pathogens in Central
and Eastern Europe. Frontiers in Cellular and Infection Microbiology, 3(56), 1-3.
https://dx.doi.org/10.3389/fcimb.2013.00056

Morshed, M.G,, Scott, J.D., Fernando, Beati, K.L., Mazerolle, D.F., Geddes, G. & Durden, L.A. (2005) Migratory songbirds
disperse ticks across Canada, and isolation of the Lyme disease spirochete, Borrelia burgdorferi, from the avian tick,
Ixodes auritulus. Parasitology, 9(4), 780-790.
https://doi.org/10.1645/GE-3437.1

Nadchatram, M. (2008) The beneficial rain forest ecosystem with environmental effects on zoonoses involving ticks and
mites, a Malaysian perspective and review. Tropical Biomedicine, 25(2), 1-92.

2018 ISHAK ET AL.: PREVALENCE OF ON-HOST TICKS IN SMALL MAMMALS FROM MALAYSIA 1543

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 09 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



Niu, Q., Guan, G, Yang, J., Fu, Y., Xu, Z,, Li, Y., Ma, M., Liu, Z., Liu, J., Liu, A., Ren, Q., Jorgensen, W., Luo., J. & Yin, H.
(2011) Detection and differentiation of Borrelia burgdorferi sensu lato in ticks collected from sheep and cattle in China.
Biomedical Central Veterinary Research, 7(17), 1-9.
http://doi.org/10.1186/1746-6148-7-17

Ostfeld, R.S., Levi, T., Jolles, A.E., Martin, L.B., Hosseini, P.R. & Keesing, F. (2014) Life history and demographic drivers of
reservoir competence for three tick-borne zoonotic pathogens. PLOS One, 9(9), 1-8.
https://doi.org/10.1371/journal.pone.0107387

Paperna, 1. (2006) The tick Ixodes granulatus infests Rattus rattus populating a small island offshore of Singapore. Parasite,
13(1), 83-84.
https://doi.org/10.1051/parasite/2006131083

Paramasvaran, S., Krishnasamy, M., Lee, H.L., John, J., Lokman, H., Naseem, B.M., Rehana, A.S. & Santhana, R.J. (2005)
Helminth infections in small mammals from Ulu Gombak Forest Reserve and the risk to human health. Tropical biomed-
icine, 22(2), 191-194.

Paramasvaran, S., Sani, R.A., Hassan, L., Krishnasamy, M., Jeffery, J. & Oothuman, P. (2009) Ectoparasite fauna of rodents
and shrews from four habitats in Kuala Lumpur and the states of Selangor and Negeri Sembilan, Malaysia and its public
health significance. Tropical biomedicine, 26(3), 303-11.

Parola, P. & Raoult, D. (2001) Ticks and tick-borne bacterial diseases in humans: An emerging infectious threat. Clinical
Infectious Diseases, 32(6), 897-928.
https://doi.org/10.1086/319347

Payne, J., Francis, C.M. & Phillips, K. (2005) A Field Guide to the Mammals of. Borneo. Kota Kinabalu, The Sabah. Society,
332 pp.

Randolph, S.E. & Rogers, D.J. (2000) Fragile transmission cycles of tick-borne encephalitis virus may be disrupted by pre-
dicted climate change. Proceedings of the Royal Society of London B: Biological Sciences, 267(1454), 1741-1744.
https://doi.org/10.1098/rspb.2000.1204

Randolph, S.E. & Storey, K. (1999) Impact of microclimate on immature tick—rodent host interactions (Acari: Ixodidae):
Implications for parasite transmission. Journal of Medical Entomology, 36(6), 741-748.
http://doi.org/10.1093/jmedent/36.6.741

Rivas, J.J., Moreira-Soto, A., Alvarado, G, Taylor, L., Calderon-Arguedas, O., Hun, L., Corrales-Aguilar, E., Morales, J.A. &
Troyo, A. (2015) Pathogenic potential of a Costa Rican strain of Candidatus Rickettsia amblyommii in guinea pigs
(Cavia porcellus) and protective immunity against Rickettsia rickettsia. Ticks and Tick-borne Diseases, 6(6), 805-811.
http://dx.doi.org/10.1016/j.ttbdis.2015.07.008

Rogers, D.J. & Randolph, S.E. (2006) Climate change and vector-borne diseases, Advances in Parasitology, 62, 345-381.
https://doi.org/10.1016/S0065-308X(05)62010-6

Shabrina, M.S. & Rafaee, H. (1993) Ectoparasitic acari of small mammals from montane area of Cameron Highlands, Pahang.
Journal of Wildlife Parks, 12, 49-60.

Shahrul Anuar, M.S., Nor Zalipah, M., Yusuf, A., Razlina, R., Abd. Muin, M., Nik Fadzly, N., Rashid, Y., Khairul, N., Muhd
Fadhil, A.R., Mohd Shahril, A.M. & Nordin, A. (2008) A survey of understorey bats and non-volant small mammals at
Taman Rimba Bukit Bauk. /n: Razani, U., Koh, H.L., Rahim, M.R., Na’aman, J., Faridah-Hanum, 1. & Latiff, A. (Eds.)
Rimba Bandar Bukit Bauk. Terengganu: Pengurusan hutan, persekitaran fizikal dan kepelbagaian biologi. Kuala Lum-
pur, Forestry Department of Peninsular Malaysia, pp. 302-309.

Shields, L. & Twycross, A. (2003) The difference between incidence and prevalence. Paediatric Nursing, 15(7), 50-56.

Walker, A.R., Bouattour, A., Camicas, J.L., Estrada Pena, A., Horak, I.G, Latif, A.A., Pegram, R.G. & Preston, P.M. (2007)
Ticks of domestic animals in Africa: a guide to identification of species. Bioscience Report, 1-221.

Wu, X.B., Na, RH., Wei, S.S., Zhu, J.S. & Peng, H.J. (2013) Distribution of tick-borne diseases in China. Parasites & Vec-
tors, 6, 119.
https://doi.org/10.1186/1756-3305-6-119

Yamaguti, N., Tipton, V.J., Keegen H.L. & Toshhioka, S. (1971) Ticks of Japan, Korea, and the Ryukyu Islands. Brigham
Young University Press, 226 pp.
https://scholarsarchive.byu.edu/byuscib/vol15/iss1/1

Zuquete, S.T., Coelho, J., Rosa, F., Vaz, Y., Cassama, B., Padre, L., Santos, D., Basto, P.A. & Leito, A. (2017) Tick (Acari:
Ixodidae) infestations in cattle along Geba River basin in Guinea-Bissau. Ticks and Tick-borne Diseases, 8(1), 161-169.
http://dx.doi.org/10.1016/j.ttbdis.2016.10.013

Submitted: 29 Apr. 2018; accepted by Lidia Chitimia-Dobler: 10 Jul. 2018, published: 27 Jul. 2018

1544 SYSTEMATIC & APPLIED ACAROLOGY VOL. 23

Downloaded From: https://bioone.org/journals/Systematic-and-Applied-Acarology on 09 Nov 2024
Terms of Use: https://bioone.org/terms-of-use



	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References

