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ABSTRACT
Spotted fever group rickettsial infections are considered an emerging infectious disease in Sri Lanka. The
present study examined the potential role of tick vectors carrying the infection from sylvatic reservoirs to
humans via domesticated animals. Ticks infesting humans, dogs and wild animals were collected island-wide
and were identified. Presence of spotted fever group rickettsia in the tick blood meal was determined using PCR
in a sub-sample of ticks collected. A total of 30,933 ticks were collected from 30 different hosts and free living
stages from the ground. The collection consisted of 25 tick species recording 12 species from humans, 19 from
domesticated animals and 22 from wild animals. Of the total collection, randomly selected sub-sample of 80
ticks were used to identify rickettsia pathogens. This comprised of fifty ticks from 50 wild animals belonged
to 15 species (wild boar, pangolin, porcupine, barking deer, star tortoise, mouse deer, samber, spotted deer,
monkey, civet cat, bandicoot, elephant, fishing cat, rabbit, flying squirrel; and 20 ticks from 15 dogs especially
from areas where spotted fever cases were reported and 10 ticks from 10 humans. Results showed that rickettsial
infections were found in four tick species, Amblyomma testudinarium collected from a wild boar, Riphicephalus
sanguineus from a dog, Amblyomma clypeolatum from a star tortoise and Amblyomma javanense from a
pangolin. Except for A. javanense, other three tick species are generalists infesting humans as well as domestic
and wild animals. There is a high potential that these infections can spread easily to humans via the domesticated
animals. This is the first report of ticks infesting domesticated and wild animals carrying spotted fever rikettsia
and it underscores the possibility of spread of infection from wild reservoirs to human in the animal/human
health interface.
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INTRODUCTION
Tick-borne diseases recorded in humans include
rickettsioses, ehrlichiosis, babesiosis, Kyasaunur
forest disease, typhus fever varieties, haemoragic
fever varieties, tick borne encephalitis, Lyme
disease and Q fever (Jongejan and Uilenberge,
2004). Most of these tick-borne infections emerge
from the wild reservoir (Daszak et al., 2001) and
approximately 10% of the currently known 867 tick
species act as vectors of a broad range of pathogens
of domestic animals (Jongejan and Uilenberge,
2004).Ticks and tick-borne infections have
coevolved with wild reservoirs which often live in
a state of equilibrium but constitute a constant
reservoir of infections to domesticated animals and
humans. These wild hosts come into contact with
domesticated animals when man moves livestock
into infested regions, or moved livestock infested
with the ticks into previously uninfected regions
(Jongejan and Uilenberge, 2004).
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Life cycle of tick-borne pathogens is highly
dependent on tick ecology which is one of the most
important factors driving the epidemiology of tickborne diseases (Randolph, 2009). In preventing
emergence of tick-borne diseases, role of wildlife
as tick hosts and their role in the life cycle of tickborne pathogens is considered important. Some
tick species may be generalists and may feed on
different vertebrate species depending on their
availability and abundance (Wilson et al., 1984)
whereas other species may be more specific and
use a narrow host range (Sonenshine et al., 2002).
Wild
and
domestic
cycles
are
often
complementary. Immature tick stages that
parasitize wild and peri-domestic animals can feed
later as adults on domesticated animals. Thus,
investigating the role of wildlife as tick hosts is of
great
relevance
for
understanding
the
epidemiology of tick-borne diseases shared with
domesticated animals and humans (Ruiz-Fons et
al., 2006; Ruiz-Fons and Gilbert, 2010).
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The spotted fever rickettsiae are zoonotic where the
pathogens circulate in enzoonotic or occasionally
epizoonotic cycles, between wild vertebrates and
their tick vectors (Walker and Fishbein, 1992).
According to Rudakov et al. (2003) the pathogen
has natural cycles with parasitic systems that
involve many wild mammals, tick vectors, and long
term reservoirs of rickettsiae. Secondly, they also
have domestic or anthropogenic cycles that involve
domestic animals, especially dogs. People are an
accidental host in the circulation and maintenance
of the pathogen. These pathogens will mutate
quickly and have shown a broad degree of severity
especially in humans (Rudakov et al., 2003).
Humans are only occasional hosts for ticks and
rarely play a role in the subsequent transmission of
bacteria. Therefore, human should be viewed as a
‘dead end’ host, which plays no role in the
maintenance of these bacteria in nature (Parola and
Raoult, 2001).
Rickettsial infections have been reported in
patients from the Central (Kularatne et al., 2003)
and Western (Premaratne, 2008) provinces of Sri
Lanka as an emerging infection. Recently,
Weerakoon et al. (2011a; b) recorded 220 IFA
confirmed patients with rickettsial infections from
the Teaching Hospital,Peradeniya during 2008 to
2010.These patients were found positive for three
ricketsia species namely, Rickettsia conorii,
Orientia tsutsugamushi and Rickettsia typhi of
which 91% being R. conorii with high number of
mixed infections (Weerakoon et al., 2011a,b).The
reservoir and the vector of rickettsia in Sri Lanka
are largely unknown. Some of the tick species
reported from Sri Lanka are known vectors of
rickettsia in the world. Lack of knowledge in the
infectious agents carried by tick species of Sri
Lanka, and sylvatic and domestic reservoirs and the
zoonotic potential of tick-borne spotted fever group
rickettsia prompted us to carry out the present
study.
Molecular methods based on polymerase chain
reaction (PCR) have enabled the development of
sensitive, specific and rapid tools for both detection
and identification of rickettsiae from various
samples. Clinical specimens and arthropod tissues
could be used to detect rickettsia by PCR. For
rickettsioses, detection strategies based on
recognition of sequences within the genes encoding
the 17 kDa protein (Paddock et al., 2006; Weinberg
et al., 2008). PCR assays for rickettsial species are
carried out amplifying genes 17 kDa for spotted
fever group (Eremeeva and Bosserman, 2006). The
gene encoding 17 kDa protein shows high
homology among the spotted fever group (SFG)
and typhus group (TG) rickettsiae and therefore,
the protocol used to detect spotted fever causing
pathogens targets the 17 kDa antigen gene for
detection of several species of ricketssiae. The

protein encoded by this gene is referred to as the
genus – common antigen and is found in species of
both the spotted fever and typhus groups.
According to Tzianabos et al. (1989) a nested PCR
protocol that uses broad range primers R17 – 122
(CAGAGTGCTATGAACAAACAA GG) and R17
– 500 (CTTGCCATTGCCCATCAG GTTG) in the
primary stage and separate pairs of more specific
primers are used in the nested stage. TZ15
(TTCTCAATTCGGTAAGGGC:208–247 bp) and
TZ16(ATATTGACCAGTGCTATTTC: 208 – 247)
are used for detection of R. ricketsii, and several
closely related species of the spotted fever group
and RP2 and RP1D for detection of Rickettsia typhi
and Rickettsia prowazeki (Tzianabos et al., 1989).

MATERIALS AND METHODS
Collection of ticks
An island-wide collection of ticks infesting
humans, dogs and wild animals was carried out
during January 2009 to August 2011 and were
identified. Of the collection, a sub sample of ticks
was used to analyse the presence of spotted fever
rickettsial infections. Ticks were collected from
injured or dead wild animals which were brought
to veterinary hospitals or clinics in Kandy and to
wildlife parks at Minipe, Mihintale, Udawalawa,
Buttala, Randenigala, Yala and Wasgamuwa. Ticks
infesting human ear canal were also collected from
the Ear, Nose, Throat (ENT) clinic at Suwasewana
Private Hospital in Kandy and through civilians in
the Central Province. Ticks were preserved in 70%
ethanol and brought to the laboratory in the
Department of Veterinary Pathobiology, Faculty of
Veterinary Medicine and Animal Health at the
University of Peradeniya, Sri Lanka and identified
using light microscope and available keys and
literature (Nuttall et al., 1915; Sharif, 1928;
Trapido et al., 1963; Seneviratne, 1965).Different
stages (larvae, nymphs, and adults) and sex of adult
ticks were also noted down.
Identification of spotted fever rickettsial
infections in ticks by nested PCR
Eighty ticks from the total tick collection including
50 ticks from wild animals such as wild boar,
pangolin, porcupine, barking deer, star tortoise,
mouse deer, samber, spotted deer, monkey, civet
cat, bandicoot, elephant, fishing cat, rabbit, flying
squirrel) and 20 ticks from dogs (n=15) especially
those from spotted fever infected areas and 10 ticks
from human ear canal were used to study the
presence of spotted fever rickettsial infections.
Isolation of genomic DNA
Ticks were placed separately in centrifuge tubes
and washed with PBS solution to remove ethanol
and set to air dry overnight. They were cut into
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small pieces separately using clean fine blade and
were crushed with a plastic pestle. From these, the
17 kDa antigen gene (htr gene) for spotted fever
rickettsia was isolated and amplified (Tzianabos et
al., 1989).
Genomic DNA was extracted using wizard DNA
purification kit (Promega, USA). For each sample
120µl of 0.5 EDTA solution (pH 8.0) and 500 µl of
nuclei lysis solution were taken. Nuclei lysis
solution and EDTA for 10 samples were
collectively placed in a large tube and chilled on ice
for 5 min until it turned cloudy. Then 600 µl of
EDTA/nuclei lysis solution was added to centrifuge
tubes containing crushed ticks and 8 µl of
Proteinase K was added to each. Tubes were
incubated overnight in a heat block at 55o C. For
each sample 200 µl of protein precipitation solution
was added and vortexed vigorously at high speed
for 20 seconds. All the samples were chilled for 5
min and centrifuged at 16,000 g for 4 min. The
supernatant was removed carefully into a clean
centrifuge tube containing 600 µl isopropanol and
gently mixed by inversion. Tubes were again
centrifuged at 16,000 g for 1 min. The supernatants
were carefully decanted. To each tube 600 µl of
70% ethanol was added gently, inverted several
times to mix and was centrifuged again at 16,000 g
for 1 min. Ethanol was carefully aspirated using a
Pasteur pipette and the tubes were kept inverted for
15 min. DNA rehydration solution (50 µl) was
added to each tube and incubated at 65o C for 1 hr
and stored at 4 oC. Extractions were used to identify
pathogens of spotted fever using appropriate
primers and PCR.
Amplification of 17 kDa antigen gene for
rickettsia
PCR-master mix was prepared by adding
0.25µlTaq, 2.5 µl Buffer, 2 µldNTP, 1.5 µl of each
primer. Primers used for the outer PCR were R17
– 122 (F)
with gene sequence of
CAGAGTGCTATGAACAAACAAGG and R 17 –
500 (R) with gene sequence CTTGCCATTGCC
CATCAGGTTG and for the nested stage TZ 15 (F)
TTCTCAATTCGGTAAGGGC and TZ (R)
ATATTGACCAGTGCTATTTC. Aliquots of the
master mix were transferred into each PCR tube
and templates were added to each. The PCR
reactions were performed in a PCR machine
(MIKRO 24-48R) in a final volume of 25 μl using
the master mix with templates. Thermocycler
parameters to amplify 17 kDa antigen gene for
rickettsia were 95 oC for initial denaturation (5
min), 95 oC for denaturation (30sec), 55oC for
annealing (30 sec), 72 oC for extension (60sec), and
60sec for final extension (5min). The parameters
are identical to those of the primary stage with the
exception that the number of cycles is 30 for
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primary stage and 40 for nested stage (Tzianabos
et al., 1989). Products from PCR were analysed
using gel electrophoresis.
Agarose gel electrophoresis
Products from PCR were analysed using gel
electrophoresis. Mini gels (50ml) containing 2%
agarose (Promega Agarose Madison, USA) in 1X
TAE buffer (pH 8.0) were prepared. PCR products
were mixed with loading buffer (bromphenol blue)
in a proportion 10:3 (PCR products: loading buffer)
and loaded into the ethidium bromide (0.5μg/ml)
stained gels. DNA products were electrophoresed
at 100V at TAE buffer until an appropriate
separation of the PCR products was achieved. A
100bp DNA marker ladder was used as standards
for detection of the PCR products. The
electrophoresed gel was observed under UV light
(Gel documentation system, Vilber Lourmat,
77202 Marne laVallee, France).
Gels were
digitized using a camera-based documentation
system (IBM PC Camera, USA) and the respective
Multi Analysis software (IBM Odyssey
multimedia, USA).

RESULTS AND DISCUSSION
A total of 30,461 ticks were collected from humans
(n = 75), domestic animals (n = 25,566), wild
animals (n = 1,385) and free living stages from the
ground (n =3435). The collection consisted of 22
different tick species belonging to seven genera
including
Rhipicephalus,
Haemaphysalis,
Amblyomma, Hyalomma, Dermacentor, Nosomma,
and Ixodes. There were 12 species of ticks from
humans, 19 from domesticated animals and 21
from wild animals (Appendix 1). Due to the high
cost of analysis only eighty ticks were selected
(Figure 1) from the whole collection to analyse for
the rickettsial pathogen. Eighteen tick species
belonging to seven genera infesting humans and
dogs and 15 tick species of wild animals were
analysed. Out of 80 ethidium-bromide stained gel
electrophoreses with PCR products (208 bp), only
four ticks (5%) were positive for spotted fever
infections (Appendix 1). These include three
Amblyomma species: Amblyomma testudinairum
taken from a wild boar (Sus cristatus cristatus),
Amblyomma clypeolatum from a star tortoise, and
Amblyomma javanense from a pangolin and
Rhipicephalus sanguineus from a dog. Except for
A. javanense other three tick species infest humans
(Liyanaarachchi et al., 2015a) which shows that all
these tick species positive for spotted fever
rickettsia could act as a vector spreading the
infection from reservoirs to humans.
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Figure 1. Locations of collection sites of wild and domesticated animal in Sri Lanka

Moreover, dogs carry A. testudinarium, A.
clypeolatum and R. sanguinus (Liyanaarachchi et
al., 2015b) and therefore there is a possibility that
humans acquire these infections from the wild
reservoirs via dogs.
In Sri Lanka, wild boar is distributed island-wide.
A substantial increase in numbers of wild boar has
been observed in domestic and peri-domestic areas
due to recent law enforcement by the Department
of Wildlife Conservation restricting the killing of
wild boars for meat (personal communication with
villagers). The most common tick on wild boar is
A. testudinarium (Liyanaarachchi et al., 2015b)
and of the five specimens analysed from wild
boars, one was positive for rickettsial infections. It
is also the second most common tick species on
humans and also infests dogs (Ariyaratne et al.,
2010; Liyanaarachi et al., 2015b).

Moreover, wild boar is the preferred host of adult
Dermacentor auratus which has a three host life
cycle where dogs carry the larvae of D. auratus
(Liyanaarchchi et al., 2013). The nymphal stage of
D. auratus has been identified as the most common
tick species infesting humans (Edussuriya and
Weilgama, 2003; Ariyaratne et al., 2010).
Although the two specimens of D. auratus did not
carry the infection, there is a high possibility that
it can carry the infection from the wild boars to
dogs and then to humans. When the wildboars
roam the neighborhoods in the night, they bring the
engorged females with the infection. These
females drop off and lay eggs in the compound and
the larvae that hatch out from the eggs can be
easily picked by dogs and thereby spread to
humans as well since these infections are
transovarian (Macaluso et al., 2001; 2002; Horta
et al., 2006; Socolovschi et al., 2009).
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Amblyomma testudinarium is a generalist infesting
humans, many domesticated animals such as dogs,
cattle, buffalo, goat, cat and domestic fowl and wild
animals such as mouse deer, sambar, pangolin, and
elephant in addition to wild boar (Liyanaarachchi et
al, 2015b).In the dry zone of Sri Lanka farmers who
rear livestock, especially cattle, buffalo and goat,
releasing them during the day time to graze in the
nearby forests is a common practice. The spread of
ticks and the infections they carry can also occur
when they return to their resting places in the
evening with the ticks they picked from wildlife.
In recent years many factors have changed the
interactions among humans, animals and the
environment and this has caused the emergence and
reemergence of many diseases. Human populations
are growing and expanding into new geographic
areas. As a result, more people live in close contact
with wild and domestic animals. This provides more
opportunities for diseases to pass between animals
and people. In Sri Lanka, there is a considerable
increase in the number of wildlife roaming in
villages had even in urban and semi-urban
neighborhoods because of habitat destruction due to
forest fragmentation and farming practices. This
increases the interactions of wild animals with
domesticated animals. Wild animals such as wild
boar, monkey, mouse deer, barking deer, pangolins,
civet cats, fishing cats, porcupines and elephants
recently have become peri-domestic animals in Sri
Lanka (Personal communications with civilians).
Most of the tick species that were collected from
domesticated animals during the present study
(Liyanaarachchi et al., 2015b) were previously
recorded only from wild animals (Seneviratne,
1965). Introduction of new tick species to domestic
stock reveals that they are vulnerable to infections
which prevail in wild.
This study provides evidence that spotted fever
group rickettsial infections could be a potentially a
tick-borne zoonotic disease and underscores the
importance making an effort to reduce risk of the
animal/human health interface. It should also be
noted that the problem does not flow in one
direction, so that in addition to considering the risks
posed by wildlife for domesticated animals, it is
also necessary to consider domesticated animals as
source of risk to wildlife. Disruption in
environmental conditions and habitats provides new
opportunities for new diseases to pass to animals
from humans and domestic animals and vise versa.
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Appendix 1. Wild animals sampled, tick species used to conduct PCR for spotted fever and results
Host
(No of hosts tested /collected)

No of ticks
tested/collected

Wild boar Sus scrofa (6/6)

13/237

Pangolin Maniscrassi caudate
(3/6)

05/167

Star tortoise Geochelone elegans
(3/11)

03/71

Barking deer Muntiacus muntjak
(4/4)

05/66

Mouse deer Moschiola meminna
(6/8)

06/267

Porcupine Hystrix indica (6/6)

07/49

Samber Rusa unicolor unicolor
(2/2)
Spotted deer Axis axis ceylonensis
(3/3)

01/38

Toque Monkey Maccaca sinica
(1/1)
Civet cat Paradox urus (1 /2)
Bandicoot Bandicota sp. (1/1)
Asian Elephant Elephas maximus
(1/2)
Fishing cat Prionailurus
viverrinus (1/3)

Tick species tested

Location

Results

A. testudinarium
H. hystricis
H. isaaci
N. monstrosum
D. auratus
A. testudinarium
A. testudinarium
D. auratus
H. turturis
A. testudinarium
H. isaaci
A. testudinarium
D. auratus
A. javanense
A. clypeolatum
A. testudinarium
A. clypeolatum
A. javanense
A. clypeolatum
A. clypeolatum
A. clypeolatum
R. sanguineus
A. clypeolatum
H. turturis
R. sanguineus
H. kyasanurensis
H. aculeata
A. javanense
H. cuspidata
H. isaaci
R. sanguineus
R. sanguineus
H. kyasanurensis
H. spinigera
R. sanguineus
A. javanense
R. sanguineus
R. sanguineus
H. kyasanurensis
H. spinigera

Thismada
Thismada
Thismada
Muruthalawa
Muruthalawa
Kandy (Polgolla)
Thismada
Muruthalawa
Thismada
Muruthalawa
Muruthalawa
Kandy (Daulagala)
Kandy (Daulagala)
Thismada
Kandy (Daulagala)
Yala
Randenigala
Mihintale
Gampola
Wasgamuwa
Mihintale
Kandy (specify)
Randenigala
Badulla (Katawala)
Badulla (Kaluthota)
Badulla (Katawala)
Thismada
Kandy(Hantana)
Randenigala
Muruthalawa
Galaha
Kandy (Peradeniya)
Hantana
Kandy (Aruppola)
Kandy (Peradeniya)
Kandy (Hantana)
Thalathuoya
Randenigala
Udawalawa
Randenigala

+
-

01/04

H. isaaci
H. cuspidata
R. sanguineus
R. sanguineus

Sithulpauwwa
Buttala
Randenigala
Kandy (Peradeniya)

-

01/28
01/12
01/06

H. cuspidata
I. petauristae
A. clypeolatum

Kandy (specify)
Kandy (specify)
Kandy (Yala)

-

01/14

H. cuspidata

Kandy (Hantana)

-

03/301

+
+
-
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Rabbit Lepus nigricollis (1/4)
Flying squirrel Petaurista
petaurista (1/1)
Total
50
Host
No. of ticks
No. of hosts
tested/no of ticks
tested /collected
collected
Dog
20 /9016
15/933

01/61
01/04

R. sanguineus
H. cuspidata

Tick species tested

Location

R. sanguineus

Kandy
(Daulagala)
Kandy
(Daulagala)
Muruthalawa
Muruthalawa
Muruthalawa
Thismada
Thismada
Thismada
Kandy
(Haragama)
Hemmathagama
Hemmathagama
Hemmathagama
Kandy
(Peradeniya)
Kandy
(Peradeniya)
Kandy (Hantana)
Kandy (Hantana)
Kandy (Hantana)
Galaha
Galaha
Kandy
(Katugastota)
Kandy

R. microplus
R. sanguineus
H. intermedia
R. sanguineus
R. sanguineus
H. intermedia
R. sanguineus
R. sanguineus
H. bispinosa
H. intermedia
R. sanguineus
R. microplus
R. sanguineus
R. microplus
H. bispinosa
R. sanguineus
H. bispinosa
R. microplus

Total

10/45

30

3

R. haemaphysaloides

Human
10/45

Kandy(Udaperadeniya)
Kandy (Kandy)

D. auratus (5 ticks
pooled)
A. testudinarium (5
ticks pooled )

Kandy

Results
+
1

