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Serological Evidence for Exposure of Dogs
to Rickettsia conorii, Rickettsia typhi,

and Orientia tsutsugamushi in Sri Lanka

Devathri M. Nanayakkara,1 R.P.V.J. Rajapakse,1 Susiji Wickramasinghe,2 and Senanayaka A.M. Kularatne3

Abstract

Vector-borne rickettsial infection is a major cause of febrile illnesses throughout the world. Although vertebrates
hosting the vectors play a vital role in the natural cycle of rickettsiae, studies have not been conducted on them in
Sri Lanka. Therefore, the present study was designed to determine the exposure of dog population in Rajawatta,
Thambavita, and areas of the Western Slopes and Unawatuna of Sri Lanka to rickettsial pathogens. A total of 123
dog blood samples were collected from those areas. Samples were tested for antibodies against Rickettsia conorii
(RC) of the spotted fever group (SFG), Rickettsia typhi (RT) of the typhus group (TG), and Orientia tsutsugamushi
(OT) of the scrub typhus group (ST) of rickettsiae by indirect immunofluorescence antibody test (IFA). Samples
with titers ‡ 1:64 were considered as positive in this study. Collectively, 49% dogs were found to have antibodies
against the rickettsial agents. Of the dogs, 42%, 24%, and 2% had antibodies against RC, OT, and RT, respec-
tively. The seropositive rate of 100% was observed in areas of the Western Slopes, whereas the lowest rate of 20%
was in Unawatuna. Among the positive samples, antibody titers against RC and OT ranged from 1/64 to 1/
8192. In contrast, the few dogs that tested positive for RT showed very low titers of 1/64 and 1/128. Results of
this study show the extent of exposure to the pathogen and its dispersion in the natural ecology. We suggest that
dogs could be acting as reservoirs in the rickettsial transmission cycle or could be effective tracer animals that
can be used to detect areas with potential for future outbreaks.
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Introduction

Two genera, Rickettsia and Orientia, within the family

Rickettsiaceae are comprised of intracellular bacteria,
many of which cause zoonotic diseases in different parts of the
world. The genus Rickettsia includes two immunologic
groups, the typhus group (TG), which is composed of Rick-
ettsia prowazekii and Rickettsia typhi associated with lice and
fleas, and the spotted fever group (SFG), which includes more
than 20 valid species associated with ticks, mites, and fleas
(Parola et al. 2005). Genus Orientia includes two species that
cause scrub typhus, Orientia tsutsugamushi transmitted by
chiggers and the recently discovered Orientia chuto (Tamura
et al. 1995, Izzard et al. 2010).

Vertebrates play a vital role in the natural cycle of Rickettsia
and Orientia because they are natural hosts of many vectors of

rickettsiae (Parola et al. 2005). The dog, which is a common
domestic vertebrate, has also been suggested as a probable
natural reservoir (Feng et al. 1979, Solano-Gallego et al. 2006).
Price (1954) demonstrated that ticks are infected when feeding
on dogs during the peak period of rickettsemia. However,
Rovery et al. (2008) stated that dogs are not efficient reservoirs
but rather act as transient reservoirs because of transient
rickettsemia after infection. Nevertheless, dogs as vertebrates
living in close proximity to humans could be playing an im-
portant role in transmitting rickettsial infection to them by
transporting the infected vectors in to the human habitats
(Chenchittikul et al. 2000, Nicholson et al. 2010). A report
exists of concurrent outbreak of rickettsial infection in both a
dog and its owner (Paddock et al. 2002). Furthermore, Man-
nelli et al. (2003) detected associations between occurrences of
infection among humans with the proximity of the dogs.
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Several publications exist regarding human rickettsial in-
fection in Sri Lanka. The first recorded reference to rickettsial
infection in the country dates back to 1937 in a short report by
Nicholls (1940). The report documents scrub typhus patients
who were confirmed in the laboratory with the Weil–Felix
test. Thereafter, studies have reported cases of scrub typhus,
spotted fever, and murine typhus from all 9 provinces of Sri
Lanka (Sayers 1948, Van Peenen et al. 1976, Vasanthatilaka
and Senanayaka 1994, Kularatne et al. 2003, Punchihewa and
Karunanayaka 2003, Premaratna et al. 2008, Murugananthan
2010, Liyanapathirana and Thevanesam 2011). However, in-
vestigations on vector or reservoir species of these pathogenic
rickettsiae have been minimal. Other than the early studies of
Wolff (1939) on rat fleas collected from the port city Colombo
and of Jayewickreme and Niles (1946, 1947) on Trombiculid
mites, no entomological studies have been carried out thus
far. Furthermore, no reports exist on possible rickettsial res-
ervoirs within the country. This is the first study that presents
the data from a canine serosurvey of exposure to Rickettsia and
Orientia in arbitrarily selected regions of Sri Lanka.

Materials And Methods

Collection of blood samples from dogs

A total of 73 blood samples were collected from the dogs in
Rajawatta, Thambavita, and areas of Western Slopes (Potta-
pitiya, Hatharaliyadda, Kadugannawa, Wattapola, Mur-
uthalawa, Mawanella, and Hingula) in 2010 (Fig. 1). In
addition, 50 blood samples were obtained from the mobile
sterilization project conducted at Unawatuna in southern Sri
Lanka in the same year. All the dogs had owners; however,
they were free roaming. Samples were collected from both
male and female dogs. Serum was separated by centrifugation
at 2200 · g for 5 min. Labeled samples were stored at -20�C
until use.

Ethical clearance was obtained from the Ethical Review
Committee of Faculty of Veterinary Medicine and Animal
Science, University of Peradeniya, Sri Lanka.

Immunoflourescence antibody assay

The serum samples were tested serologically by an im-
munofluorescence antibody assay (IFA). Frozen antigen pel-
lets of Rickettsia conorii strain Malish (RC) of the spotted fever
group, Rickettsia typhi strain Wilmington (RT) of murine ty-
phus group, and Orientia tsutsugamushi strain Karp (OT) of
scrub typhus group were obtained from the center for the
Rickettsia- and Bartonella-associated diseases (Centers for
Disease Control and Prevention, Atlanta, GA). Antigen pellets
were diluted in 0.5 mL of antigen-diluting buffer (phosphate-
buffered saline [PBS] at pH 7.38 mixed with 0.1% sodium
azide and 0.5% gamma globulin–free bovine serum albumin
[BSA]). Teflon-coated IFA slides (Cel-Line, Erie Scientific Co.)
with wells were first coated with 1% BSA, and then approx-
imately 3 lL of antigen suspension was aliquoted to each well
and dried. Test sera were thawed and vortexed briefly. The
1:16 serum dilution was prepared by mixing 5 lL of serum
with 75 lL of IFA buffer (PBS at pH 7.38 mixed with 0.1%
sodium azide, 1% gamma globulin–free BSA, and 1% heat-
inactivated normal goat serum) in a 96-well flat-bottomed
plate, after which 1:32 dilution was made by half-diluting the
above in 50 lL of IFA buffer. Screening was done at 1:32 di-

lution. Then diluted (1:32) serum was aliquoted into the wells
of the rickettsial antigen-coated slides. Known positive and
negative samples at the same dilutions were used as controls.
Slides were kept in a damp box and incubated at 37�C for
30 min, and samples were washed three times with PBS (1.7
grams of sodium phosphate, 0.4 gram of potassium phos-
phate, and 8.5 gram of sodium chloride mixed into 1 L of
distilled water, pH adjusted to 7.38) in a slide-staining
chamber for 5 min at each washing. After drying the slides,
fluorescence-labeled goat anti-dog immunoglobulin G (IgG)
(H + L) conjugate (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, MD) diluted to 1:100 with IFA buffer was ali-
quoted into each well. The conjugant was not aliquoted to the
well assigned to be used as a conjugant control.

After incubating these slides at 37�C for 30 min, slides were
washed again 3 times with PBS; 5–10 drops of counterstain,
Eriochrome Black T, was added for the final wash. Slides were
dried, a small amount of antifade medium (90 mL of glycerol,
10 mL of PBS at pH 7.38, and 3.37 grams of DABCO were
mixed together) was added to each well, and a cover slip was
placed over the slide. Then, slides were observed under 40 ·
magnification with an ultraviolet (UV) light source. Negative
wells showed only a faint red counterstain, whereas positive
wells showed individual organisms fluorescing as discrete,

FIG. 1. Locations of reported (published) human rickettsial
cases and the sample collection sites of the current study, Sri
lanka. P1, Western Province; P2, Sabaragamuwa Province;
P3, Central Province; P4, Uva Province; P5, Southern Pro-
vince; P6, Eastern Province; P7, North Central Province;
P8, Northern Province; P9, North Western Province. Color
images available online at www.liebertpub.com/vbz
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bright green specks within the cytoplasm and surrounding
lysed cells. Positive serum samples were serially diluted to
determine their end point, and only those with titers ‡ 1:64
were considered positive for this study (cutoff of 1:64 was
recommended in the standardized protocol of IFA test pro-
vided by the Centers for Disease Control and Prevention).

Results

Serum samples with antibodies to rickettsiae showed green
fluorescence under the UV microscope (Fig. 2). Of 123 dog
serum samples, 60 (49%) sera were detected with anti-rick-
ettsial antibodies. Most of the dogs (42%) had antibodies re-
acting with the antigen of R. conorii. Twenty-nine (24%) dogs
exhibited antibodies against O. tsutsugamushi, whereas just 3
(2%) dogs of the study group had antibodies reacting with R.
typhi. The presence of antibodies to rickettsiae varied with
location ranging from 20% to 100% (Table 1). All dogs (100%)
from areas of the Western Slopes had anti-rickettsial anti-
bodies, whereas the lowest seropositivity was observed in
Unawatuna, with 20% of the study group having anti-rick-
ettsial antibodies. Dogs that tested positively for IFA with R.
conorii and O. tsutsugamushi were found in all 4 study sites;
however, antibodies reacting with R. typhi antigen were de-
tected only in dogs from Rajawatta and in areas of the Wes-
tern Slopes. In all areas, seroreactivity against the spotted
fever group antigen was the most prevalent. Comparably, a
substantial number of dogs in Rajawatta and Western Slopes
were also positive for scrub typhus.

The highest titer levels were reported against R. conorii, in
Rajawatta, Thambavita, and Unawatuna, but in areas of

Western Slopes the highest titer of 1/8192 was against O.
tsutsugamushi. The lowest titers were against R. typhi, and
they did not exceed 1/128 (Fig. 3).

Discussion

In the present study, we determined for the first time the
presence of rickettsial antibodies in dogs in Sri Lanka. Anti-
bodies against all 3 antigenic groups of rickettsia were de-
tected. Seropositive rates in dogs varied from place to place.
We suggest that this might be due to the variations of vector
densities (Kelley et al. 1991) and preference of feeding by
different vector species. In our study, the majority of the ca-
nines exhibited antibodies against the SFG rickettsia. Because
most of the SFG rickettsiae are transmitted by hard ticks, it is
possible that the density of responsible vector tick might be
high in all study sites. Epidemiology of the infection is linked
to particular behavior and ecology of each vector species.
Therefore, extensive studies should be conducted to deter-
mine the vectors occurring in Sri Lanka.

A few dogs showed high antibody titers, such as 1/2048 and
1/8192, against rickettsiae. The presence of such high titers is
probable only with a recent exposure or repeated inoculation
with the infectious pathogen (Breitschwerdt et al. 1988).
Twenty-three samples gave positive results against 2 or 3
rickettsial antigens in an IFA assay. Twenty-one dogs (17%)
had antibodies against both SFG and ST groups. One dog ex-
hibited antibodies against ST and TG (OT, 1/512; RT, 1/64) and
1 had antibodies against all 3 groups (RC, 1/1024; OT, 1/128;
and RT, 1/64). The cross-reactions between SFG/TG and the
scrub typhus group have not been detected. Antibodies against

FIG. 2. Rickettsiae-infected Vero cells reacted by indirect immunoflourescence with canine antiserum (A) (a, organisms within
the cytoplasm of an intact cell; b, organisms from a lysed cell) negative canine serum (control) (B). Color images available online
at www.liebertpub.com/vbz

Table 1. Reactions of Dog Serum to IFA in Sri Lanka, 2010

Serum samples positive for

Area
No. of

samples
No. of

positive samples RC only OT only RT only RC and OT RT and OT RC, OT, and RT

Rajawatta 32 15 (47%) 7 (22%) 4 (12%) 1 (3%) 2 (6%) 1 (3%) 0 (0)
Thambavita 18 12 (67%) 10 (55%) 0 (0) 0 (0) 2 (11%) 0 (0) 0 (0)
Western Slopes 23 23 (100%) 4 (17%) 1 (4%) 0 (0) 17 (74%) 0 (0) 1 (4%)
Unawatuna 50 10 (20%) 9 (18%) 1 (2%) 0 (0) 0 (0) 0 (0) 0 (0)
Total 123 60 (49%) 30 (24%) 6 (5%) 1 (1%) 21 (17%) 1 (1%) 1 (1%)

IFA, immunofluorescence antibody test; RC, Rickettsia conorii; OT, Orientia tsutsugamushi; RT, Rickettsia typhi.
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both groups could be due to exposure to the both groups of
rickettsiae. In addition, cross-reactivity could have occurred as
a result of similar antigens in SFG and TG (Tissot-Dupont et al.
1995). Thus, dogs exhibiting antibodies against both typhus
and SFG might be due to serological cross-reactivity.

Several cases of humans infected with rickettsioses have been
documented in proximity to the sites where this canine survey
was conducted (Fig. 1). The detection of antibodies to rickettsiae
in both human and dog populations indicates the extent of dif-
fusion of the pathogen in the natural ecology of these areas. It
also suggests the possibility of using canines as a probable tracer
animal to determine the areas with potential risk of rickettsial
outbreaks in future. Harrus et al. (2007) revealed higher ser-
oprevalence rates among dogs in endemic zones where human
disease have been reported. Also studies by Segura Porta et al.
(1998) and Demma et al. (2006) found that canine rickettsioses
often precede outbreaks in human populations. Thus, further
serological studies on dog population in other provinces should
be carried out to identify the possible endemic areas of rick-
ettisioses within the country. Findings of such a study will
provide valuable information to plan better strategies for the
control and prevention of outbreaks.

Conclusions

In the present study, 49% of dogs exhibited serological re-
activity to pathogenic rickettsial species. This indicates the

possible use of the dog as a tracer animal to detect endemic
zones with the potential risk of human outbreaks in the future.
Studies attempting isolation of rickettsial pathogen from dogs
should be carried out to determine if dogs are reservoirs in
the rickettsial cycle or just an exposed animal with transient
disease.
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