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Abstract. Seroepidemical surveys concerning the prevalence of Rickettsia conorii and Rickettsia typhi have never
been studied in northern Greece. We examined 1,584 sera samples from residents of northern Greece for the detection
of antibodies to R. conorii and to R. typhi by means of immunofluorescence assay. In addition, we compared the
prevalence of rickettsial infections among the demographic variables of sex, age, occupation, and area of residence.
Antibodies to R. conorii and R. typhi were found in 125 (7.9%) and 31 (2.0%) of the examined subjects, respectively.
The prevalence of antibodies to R. conorii correlated with increasing age and was statistically higher in men. Farmers
had significantly higher prevalence of antibodies to both species of rickettsiae studied versus other professions.
Residents of rural areas showed a statistically higher prevalence for R. conorii versus urban residents, although this
difference was not demonstrated for R. typhi. We also detected differences in the prevalence of rickettsial infections
among the different prefectures. Our data show the wide distribution of R. conorii in northern Greece and indicate
the presence of R. typhi.

INTRODUCTION

The Rickettsiae is a group of bacteria that causes disease
in both animals and humans. The cause of Mediterranean
spotted fever is Rickettsia conorii, and it is reported to be
transmitted to humans by the bite of the dog tick Rhipiceph-
alus sanguineus.1 Rickettsia typhi (mooseri) is the cause of
murine or endemic typhus and is transmitted to humans by
the bite of the rat flea Xenopsylla cheopis.2 The clinical man-
ifestations of rickettsioses vary from mild symptoms that
often do not require hospitalization to severe illness that can
result in death.3 Rickettsiosis is not a reportable disease in
Greece; hence, its significance is often underestimated.

The prevalence of rickettsioses in the population of north-
ern Greece has not been studied to date. This region was
selected because of its importance as a neighbor area to Al-
bania, the former Yugoslav republic of Macedonia, and Bul-
garia. The results of this serosurvey might also be indicative
of the situation in these countries. The purpose of this study
was to evaluate the prevalence of rickettsial infections in the
population of northern Greece and to determine its distri-
bution among several demographic variables, including sex,
age, occupation, and area of residence.

MATERIALS AND METHODS

Geographical area. The area of northern Greece studied
in this survey consisted of 14 prefectures measuring 37,542
km2. The topography is divided into plains (35%), mountains
(39%), and hills (26%).The climate is mild near the coast-
line, and it is continental inland. The total population of the
area studied was 2,256,160 inhabitants. The most common
occupations were farming, livestock breeding, or both (32%)
and industry (22%).

Samples. Between April and October of 2000, sera sam-
ples from 1,584 randomly selected people (567 men and
1,017 women with mean age � standard deviation of 54.4
� 18.6 years) were collected by the prefecture hospitals of
northern Greece and sent to our laboratory. The collection
of the sera took place during a 2-week period in each hos-
pital. The subjects showed no evidence of febrile illness, had

no known history of rickettsiosis, and presented as outpa-
tients for routine biochemical tests. Consent was obtained
from each subject that the serum could be used for the de-
tection of antibodies against several infectious agents. The
study was approved by the ethical committee of AHEPA
hospital, University of Thessaloniki. The following infor-
mation was recorded for each person: age, sex, occupation,
and area of residence. The study population was stratified
by age in groups of 0–14 years, 15–29 years, 30–44 years,
45–64 years, and � 65 years, and by demographic area—
that is, rural (� 10,000 inhabitants) and urban (� 10,000
inhabitants).

Serological technique. Serum samples were tested by in-
direct immunofluorescence with commercially available an-
tigens (Rickettsia conorii Spot IF, Rickettsia mooseri Spot IF,
BioMerieux, Marcy l’ Etoile, France). The antigens con-
tained Rickettsia typhi and Rickettsia conorii obtained from
cultures on Vero cells and were fixed on the slides. All sam-
ples were tested in a 1/64 initial dilution. After incubation
for 30 min at 37�C in a moist chamber, the slides were
washed 3 times with phosphate-buffered saline. Afterward,
we added anti-human immunoglobulin (Ig) G sheep globulin
labeled with fluorescein (Sanofi Diagnostics, Pasteur) in a
1/20 titer, as determined by chessboard titration, containing
Evans blue. The slides were incubated at 37�C for 30 min
in a moist chamber and washed again as previously de-
scribed. Negative and positive sera samples from our labo-
ratory collection were used in each test as negative and pos-
itive controls. Intense fluorescence of the Rickettsiae situated
in or outside the cells was considered to be a positive re-
action. In negative reactions, the cells were tinted red and
did not display any fluorescence. End-point titers were ob-
tained by serial dilution on positive specimens. Titers of
1/64 or higher were considered positive.

Statistical analysis. Biostatistical analysis was performed
by the statistical package SPSS, version 10.0.1 (Standard
version, for Windows; SPSS, Chicago, IL). Student’s t-test
was used for comparing the mean ages between seropositive
and seronegative subjects against R. conorii and R. typhi.
The chi-square test (with or without Yate’s continuity cor-
rection) and Fisher’s exact method for small samples were
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TABLE 1
Antibodies toRickettsia conoriiand Rickettsia typhiaccording to

age group

Age

Rickettsia conorii

Negative,
n

Positive,n
(%)

Rickettsia typhi

Negative,
n

Positive,n
(%) Total

0–14
15–29
30–44
45–64
� 65
Total

22
180
228
490
539

1,459

1 (4.35)
9 (4.76)

14 (5.78)
37 (7.02)
64 (10.6)

125 (7.89)

23
188
239
517
586

1,553

0
1 (0.52)
3 (1.23)

10 (1.89)
17 (2.81)
31 (1.96)

23
189
242
527
603

1,584

TABLE 2
Prevalence of antibodies toRickettsia conoriiand Richettsia typhi

in 14 prefectures of northern Greece

Prefecture

Positive for
Rickettsia

conorii, n (%)

Positive for
Rickettsia

typhi, n (%)

Total no.
examined

sera

Drama
Florina
Grevena
Imathia (Veroia)
Kastoria

7 (7.0)
2 (2.1)

14 (14.0)
3 (3.1)

20 (10.0)

3 (3.0)
1 (1.1)
1 (1.0)
2 (2.0)

0

100
95

100
98

200
Kavala
Khalkidiki (Poliyiros)
Kilkis
Kozani
Pella (Edhessa)

1 (1.0)
11 (7.3)
3 (3.0)

15 (10.0)
12 (8.0)

2 (2.0)
7 (7.0)

0
3 (2.0)
3 (2.0)

100
100
100
150
150

Pieria (Katerini)
Serrai
Thessaloniki
Trikala
Total

1 (1.1)
14 (14.0)
2 (2)

20 (20.0)
125 (7.9)

4 (4.4)
2 (2.0)

0
3 (3.0)

31 (1.96)

91
100
100
100

1,584

FIGURE 1. Map of northern Greece indicating the prevalence of antibodies toRickettsia conoriiin each prefecture.

used for the comparison of the prevalence rates of the sub-
group analysis. The chi-square Mantel-Haenszel procedure
evaluated trends for categorical variables.

RESULTS

Of the 1,584 total patients, antibodies toR. conorii were
found in 125 (7.9%); antibodies toR. typhi were found in
31 (2.0%). The age of the seropositive people toR. conorii
was (mean age� standard deviation) 58.97� 16.97, where-
as seronegative people had an age of 54.03� 18.64 (P �
0.05). The mean age (61.65� 12.75) of theR. typhi–sero-
positive population was also statistically higher than the
mean age (54.27� 18.63) of the seronegative population (P
� 0.001). The highest prevalence of antibodies toR. conorii
was observed in the� 65-year-old age group, with a trend
of increasing prevalence with age. Differences of prevalence
between age groups reached statistical signi�cance (P �
0.05). The same trend was observed forR. typhi,although

differences between groups were not statistically signi�cant
(Table 1). Fifty-nine (10.4%) of 567 men and 66 (6.5%) of
1,017 women expressed antibodies againstR. conorii (P �
0.005), whereas the prevalence of antibodies againstR. typhi
was 1.9 and 2.0%, respectively, for the 2 sexes.

The prevalence of antibodies was statistically different in
the 14 prefectures. This varied from 1.0 to 20.0% forR.
conorii (P � 0.001) and 0–7.0% forR. typhi (P � 0.05;
Table 2; Figures 1 and 2). Farmers and livestock breeders
had signi�cantly higher prevalences of antibodies compared
with other professions for bothR. conorii (P � 0.001) and
R. typhi (P � 0.01; Table 3). Inhabitants of rural areas
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than women. This might be explained by the fact that men
are more often occupied outdoor activities. However, no sig-
nificant differences were found between the 2 sexes with
antibodies to R. typhi. This observation can be attributed to
the fact that the flea-rat cycle, which is responsible for R.
typhi infection, is often peridomestic.

The titers detected in this study were mostly low (1/64 to
1/256). This finding is in agreement with other serosur-
veys.4,14 Cases of cross reactions between R. conorii and R.
typhi have been reported in the literature and were also de-
tected in our study. Newhouse and others15 claim that this
finding is less common with indirect immunofluorescence
than with other serological methods.

The highest percentages of seropositive people for both
R. conorii and R. typhi were observed among farmers. This
finding is in agreement with that of other surveys14 and can
be attributed to more frequent exposure. Moreover, the per-
centage of people with antibodies to R. conorii who lived in
rural areas was statistically higher than urban residents, re-
gardless of their profession. This observation could be ex-
plained by the fact that in rural areas, people are often in-
volved in farming, even though their main profession might
be different. However, where antibodies to R. typhi were
concerned, there were no significant differences between res-
idents of rural and urban areas. The peridomestic flea-rat
cycle could be the reason for this observation.

The percentage of antibodies to R. conorii and R. typhi
varied significantly among the prefectures studied. The high-
est percentage of antibodies to R. conorii was detected in
the prefecture of Trikala (20% of the population studied in
this area), followed by Grevena (14%), Serrai (14%), and
Kastoria (10%). The highest percentage of antibodies to R.
typhi was found in the prefecture of Khalkidiki (7%); all the
other prefectures demonstrated a very low prevalence. No
environmental factors could explain this finding, as the an-
nual mean temperature and precipitation is about the same
in all the examined areas. Further research is being per-
formed in this direction in collaboration with the regional
hospitals in order to investigate acute rickettsiosis. Epide-
miological studies are also being done in order to isolate and
identify Rickettsiae in these high-risk areas.

Our data indicate that areas endemic for both Rickettsiae
exist in northern Greece. From the high prevalence of anti-
bodies in northern Greece detected in this study, as in other
parts of the country,9–11 it is obvious that Rickettsiae are
widely distributed in Greece. This finding confirms the fact
that rickettsioses remain a significant health problem in
many parts of the world.16

Acknowledgments: We thank the directors of the laboratories of the
prefecture hospitals of northern Greece for collecting and sending
the serum samples.

Authors’ addresses: S. Alexiou Daniel, K. Manika, and A. Anton-
iadis, A’ Department of Microbiology, School of Medicine, Aristo-
telian University of Thessaloniki 54006, Greece. M. Arvanitidou,
Laboratory of Hygiene, School of Medicine, Aristotelian University
of Thessaloniki 54006, Greece.

Reprint requests: S. Alexiou Daniel, A’ Department of Microbiology,
School of Medicine, Aristotelian University of Thessaloniki, 54006,
Greece, Telephone: �3031999159, Fax: �3031999149, E-mail:
salexiou@med.auth.gr.

REFERENCES
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