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Brief Report

Seroprevalence of Chlamydia pneumoniae
Antibodies in a Young Adult Population 

Sample Living in Verona
M. Ferrari, A. Poli, M. Olivieri, S. Tardivo, C. Biasin, F. Balestreri, G. Dal Molin, V. Lo Cascio,

C. Campello and the European Community Respiratory Health Survey (ECRHS) Verona*

Summary
The aim of the study was to evaluate the prevalence of
antibodies to Chlamydia pneumoniae in a random popu-
lation sample of 369 young adults (aged 20–44 years),
living in Verona, Italy. IgG and IgM titers were measured
by micro-immunofluorescence. IgG antibodies, greater or
equal to 16, were found in 104/177 (58.8%) men and 76/192
(39.6%) women (p < 0.001). No relationship was found
between IgG seropositivity, age, social class, education
and family size. Factors positively associated with IgG
seropositivity included smoking (p < 0.001), occupational
status (employed vs unemployed: p = 0.02; students vs
unemployed: p < 0.01) and living area (suburban
[65.0%] vs urban area [45.3%]: p = 0.03). The geometric
mean of IgG titers was higher in students (GM: 26.05)
than in both employed (GM: 11.02) and unemployed
persons (GM: 4.80) (p < 0.01 and p < 0.001, respectively).
IgG titres ≥ 512 and/or IgM titers ≥ 16 (suggestive of a
recent C. pneumoniae infection) were found in 39 subjects
(10.6%). Recent infection was more frequent in spring
(14.9%), with no significant variation in the other seasons
(mean prevalence 6.7%) (p < 0.01). Recent infection was
also associated with cigarette smoking. On the other
hand, no significant association was found between
respiratory symptoms and serologic evidence of recent
infection. In conclusion: 1) the prevalence of antibodies to
C. pneumoniae in young adults from Verona is similar to
that found in European countries, and therefore, in
Europe, it seems not related to latitude or climate; 2) male
sex, tobacco smoking, employment status and living in a
suburban area are independent risk factors of infection;
3) the infection is subclinical in most cases.
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Introduction
Chlamydia pneumoniae, a newly described chlamydial
species, is now regarded as a common cause of pneumonia

and other respiratory tract infections [1]. Moreover, recent
studies have reported about an association between
C. pneumoniae infection and wheezing or recent sympto-
matic asthma [2]. Besides being responsible of respiratory
diseases, infection by this microorganism has been associ-
ated with myocarditis, pericarditis, endocarditis and coro-
nary artery disease [1].

In western countries, only a few children under the age
of five have turned out to have C. pneumoniae infections
[3]. The serum prevalence then increases rapidly from 5 to
14 years of age, and by the age of 20 approximately 50% of
the population shows evidence of antibodies.

Recent studies have suggested the existence of a geo-
graphical gradient in the frequency of C. pneumoniae anti-
bodies, since the infection is more prevalent nearer the
equator [4]. Furthermore, in southern latitudes, a more or
less steady endemic situation probably prevails; whereas in
more northern and sparsely populated areas epidemics of
C. pneumoniae are more likely to occur [5–7].
The seroprevalence of this infection was previously un-
known in Italy.We therefore undertook a study of the sero-
epidemiology of C. pneumoniae on a random population
sample of young adults living in Verona, a city in the north-
ern part of the country.

M. Ferrari (corresponding author), M. Olivieri, C. Biasin, F. Balestreri,
V. Lo Cascio
Institute of Semeiotica Medica, University of Verona, Policlinico B.go
Roma, I-37134 Verona, Italy; Phone: +39-45-8074264, Fax: +39-45-505357,
e-mail: albino@biometria.univr.it
A. Poli, S. Tardivo
Institute of Hygiene, University of Verona, Strada le Grazie 8,
I-37134 Verona, Italy
G. Dal Molin, C. Campello
Institute of Hygiene, University of Trieste, Ospedale Burlo Garofalo,
via dell’Istria, I-34100 Trieste, Italy

*ECRHS-Verona members: C. Biasin, C. Campello, F. Carlin, V. Lo Cascio, B.
Cenci, R. de Marco, M. Ferrari, G. Lampronti, M. Olivieri, A. Poli, D. Signorelli,
S. Tardivo, G. Verlato, A. Villani, M.E. Zanolin.
The results presented here are from a local analysis of data collected for
the ECRHS. Any final international comparison may use a different form
of analysis.

Received: February 3, 1999 • Revision accepted: December 7, 1999



M. Ferrari et al.: C. Pneumoniae Infection in the Population of Verona

Infection 28 · 2000 · No. 1 © URBAN & VOGEL 39

Patients and Methods
Study Subjects

The study subjects (369 subjects: 177 men,
192 women) were residents of Verona, aged
20–44 years (mean age 33 years; SD: 7.03),
and participated in the European Commu-
nity Respiratory Health Survey [8]. Of these,
84.3% lived in the urban area (i.e., in the
municipality of Verona) and 15.7% in the
suburbs (i.e., in municipalities around
Verona).The participants were randomly se-
lected from the registry of the National
Health Service and consented to collabo-
rate. The overall response rate was 62.5%.
From February ’92 to June ’93 the subjects
were invited to the local chest clinic where
they underwent a standardized clinical in-
terview and blood tests. They had to be free
from respiratory infection during the month
preceding the interview. The standardized
clinical interview included questions con-
cerning education, family size, occupational
status, smoking habits and respiratory symp-
toms (not reported in this paper). The subjects’ smoking habits
were classified according to the following mutually exclusive
groups: 1) nonsmokers, i.e., subjects who had not smoked for at
least 1 year, or subjects who had not smoked more than 20 pack-
ets of cigarettes or 12 oz (360 g) of tobacco during their lifetime,
or not more than one cigarette a day or one cigar a week; 2) ex-
smokers, i.e., subjects who had smoked for at least 1 year but not
during the past month; 3) smokers – subjects who have smoked for
at least one year and also during the past month [8]. The preva-
lence of smoking habits in our sample was: 45.0% nonsmokers,
20.9% ex-smokers and 34.1% smokers.

Educational level was classified according to completion of
junior high school, high school and post-secondary school. So-
cioeconomic status was defined by the role played in their job, i.e.,
manager, foreman or supervisor, working for an employer and self-
employed.

Antibody Test
For the final antibody assay 369 serum samples were available.
Sera were stored at –20 °C until the assay.The anti-C. pneumoniae
antibody titers were determined by means of an indirect micro-
immunofluorescence test (Labsystems, Helsinki, Finland), using
C. pneumoniae elementary bodies as antigen. Chlamydia tra-
chomatis and Chlamydia psittaci antigens were included in the test
as controls.The results were read by one of the authors (AP) from
randomly allocated specimens. The limit of seropositivity was de-
fined as IgG antibody titer ≥ 1 : 16.An IgG titer equal to or above
1 : 512, and/or IgM titer ≥ 1 : 16 was considered as evidence of cur-
rent or recent infection [9].

Statistical Methods
The data were analyzed using SPSS 7.5 for Windows (SPSS Inc.,
Chicago, IL, USA) and Egret (SERC, Seattle, WA, USA). Differ-
ences in proportions were tested using chi2 tests for contingency
tables, while differences in mean were tested by Student’s t-tests.
Multivariate logistic analysis was used to assess the association be-
tween seropositivity and sex, occupational status and smoking
habits, controlling for education, socioeconomic status and family
size.

Results
68 subjects were reactive, other than to C. pneumoniae, also
to C. trachomatis (28), to C. psittaci (13), or to all the
chlamydias (27). Of these, only persons reactive to C. pneu-
moniae with titers higher than those detected against the
other two chlamydias (32 subjects) were considered to be
positive to C. pneumoniae.

About half of the sample (180/369; 48.8%) was seropos-
itive with IgG titers equal to or greater than 16; 17.5% and
21.1% had IgG titers 1 : 64 ÷ 1 : 128, and ≥ 1 : 256, respec-
tively. No seasonal difference in seroprevalence was found
(winter: 58.1%; spring: 48.0%; summer: 40.4%; autumn:
48.8%).

39 subjects (10.6%) had titers of IgG and/or IgM in-
dicative of current or recent infection (26 IgG ≥ 1 : 512; 12
IgM ≥ 1 : 16; 1 IgG ≥ 1 : 512 and IgM ≥ 1 : 16): of these, none
complained of acute respiratory symptoms. Recent infec-
tion was more prevalent in spring than in other seasons
(14.9% vs 6.7%; p = 0.01).

Table 1 shows the sex and age seroprevalence. IgG
titers ≥ 256 were significantly more prevalent in males than
in females (27.7% vs 15.1%; p < 0.01), whereas no differ-
ence between the sexes was found for lower titers.Also, the
geometric mean of antibody titers was higher in males than
in females (p < 0.001). No age effect was seen in the sero-
prevalence of IgG and in geometric mean antibody titers
in either sex. After having controlled for smoking habits
and for occupational status, the significant difference be-
tween the sexes in seroprevalence did not change.

The seroprevalence was not related to educational
level, socioeconomic status and family size. On the contrary,
there was a positive relationship with occupational status,
smoking habits and living area (Table 2). In fact, the sero-
prevalence was higher in the employed and students than
in the unemployed (p = 0.02 and p < 0.01, respectively).

Variable Sample IgG titers Geometric
No.

16 ÷ 32 64 ÷ 128 ≥ 256
mean

No. % No. % No. %

Sex
Males 177 22 12.5 33 18.6 49 27.7 16.5

a b

Females 192 15 7.8 32 16.7 29 15.1 6.2
Age
≤ 25 years 59 5 8.5 11 18.6 13 22.0 10.1
26–30 years 83 8 9.6 12 14.5 24 28.9 13.6
31–35 years 84 9 10.7 11 13.1 18 21.4 8.7
36–40 years 63 3 4.8 15 23.8 5 7.9 5.0
≥ 41 years 80 12 15.0 16 20.0 18 22.5 13.8
Total 369 37 10.0 65 17.7 78 21.1 9.9

a chi-square: p < 0.01; b Student’s t-test: p < 0.001

Table 1
Seroprevalence of anti-Chlamydia pneumoniae IgG by sex and age.
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Also, the geometric mean of titers for the employed was
significantly higher than for the unemployed. Furthermore,
the geometric mean in students was more elevated than in
both the employed and unemployed.

As mentioned above, a positive association among
heavy smoking, seroprevalence (p < 0.05) and elevated IgG
titers (p < 0.01) was found.After controlling for age and oc-
cupational status, the association was not modified. IgG
titers were similar in those who had never smoked and past-
smokers in either sex.

An association between current or recent infection and
smoking habit was found. In subjects smoking more than
20 cigarettes/day, the prevalence of recent infection was
25.7% vs 9.0% in nonsmokers (OR = 3.51; IC95% =
1.26 ÷ 9.67; p < 0.01).

In the subjects living in the suburban area the IgG sero-
prevalence was higher than in those living in the inner city
(65.0% vs 46.3%; OR = 2.15; IC95% = 1.08 ÷ 4.28; p = 0.03).
This result was not modified after having controlled for sex,
age, occupational and socioeconomic status and smoking
habits.

Discussion
The prevalence of positive IgG (≥ 16) antibodies to C. pneu-
moniae in Verona was similar to that found in Scandinavian
countries [10] and northwestern USA [11], but lower than
in central Europe [12] and Israel [13]. These data suggest
that, in developed countries, climate and latitude do not sig-

nificantly influence the prevalence of C. pneumoniae in-
fection. An explanation for unequal prevalence observed
between populations is the population density [14, 15].
However, our finding of higher prevalence in subjects liv-
ing in the suburban area rather than in the inner city, does
not support this hypothesis.

In contrast to other studies [16], we found no relation-
ship between seroprevalence and age, probably because of
the narrow age range of our sample. A sex-related differ-
ence with an excess of seropositivity among men was ob-
served, as reported in Europe and the USA [11, 17], but not
in Asia [15, 18]. In our survey the difference between sexes
was significant only by comparing the prevalence of ele-
vated antibody titers. These findings are probably due to
the relatively young age of our sample, since the difference
in antibody prevalence between males and females in-
creases with age [19]. Men seem to be vulnerable to the
agent. This difference can be explained by the acquisition
of the infection outside the home or by the differences in
smoking habits between males and females [10]. However,
when smokers and the unemployed were excluded from the
analysis, the sex difference in seroprevalence for IgG titers
≥ 256 was still significant, suggesting that male gender con-
stitutes an independent risk index for C. pneumoniae in-
fection.

The fact that family size is not associated with a higher
seroprevalence indicates that the family unit is not the pri-
mary place for C. pneumoniae transmission. Transmission
in schools or in working places is suggested both by our
finding of an elevated prevalence of C. pneumoniae infec-
tion in students and in employed subjects and by the shape
of the antibody prevalence curve, sharply increasing after
reaching school age [5]. The lack of an association among
IgG titers, education and socioeconomic status indicates
that in our population, different from data reported in other
countries [13], a low social class does not represent a risk
factor.

In our study only smoking more than 20 cigarettes a
day, and not lighter smoking or smoking in the past, was as-
sociated with high seroprevalence of IgG antibodies.These
data demonstrate that only heavy smoking actually in-
creases the risk of C. pneumoniae infection. Grouping
smokers in a single category, as some studies have done
[10], has not allowed them to thoroughly describe the ef-
fect of tobacco consumption. Our findings are probably due
to the fact that smoking increases the incidence of respira-
tory tract infections [20].

The present study is the first report on the prevalence
of current or recent C. pneumoniae infection in the general
population. 10.6% of the sample had IgG titers ≥ 1 : 512
and/or IgM titers ≥ 1 : 16. Other studies have reported a
prevalence of 13–18% [21, 22] of acute C. pneumoniae in-
fection, with rates slightly higher than ours.

The higher prevalence of recent infection in spring
could be related both to the possibility that an epidemic of
C. pneumoniae occurred at the beginning of the survey

Variables Sample Positives Geometric
No. No. % mean of titers

Occupation
a) unemployed 52 17 32.7 4.80
b) employed 293 147 50.2 11.02
c) student 24 16 66.7 26.05

Smoking habits
Nonsmokers 168 73 43.5 7.71
Ex-smokers 76 42 55.3 13.70
1–9 cigarettes/day 50 21 42.0 6.23
10–19 cigarettes/day 39 19 48.7 10.82
≥ 20 cigarettes/day 35 24 68.6 29.56

Living area
Urban 311 144 46.3 9.08
Suburban 40 26 65.0 18.70

Occupation: a) vs b): chi2: p = 0.02; Student’s t-test p < 0.01; b)
vs c): chi2: n.s.; Student’s t-test p < 0.01; a) vs c): chi2 p < 0.01;
Student’s test p < 0.001
Smoking habits: all vs ≥ 20 cigarettes/day: chi2: p = 0.05; Stu-
dent’s test p < 0.01
Living area: chi2: p = 0.026

Table 2
Seroprevalence of anti-Chlamydia pneumoniae IgG by occupa-
tional status, smoking habits and living area.



(February/March 1992) and to the fact that in spring the in-
fection could be more frequent. Our data does not allow a
definitive conclusion.

At the time of the interview no participant with sero-
logic evidence of current infection complained of symptoms
indicative of an acute respiratory tract disease. However, it
should be pointed out that a binding criterion to participate
in ECRHS was the absence of symptoms of acute respira-
tory tract infection during the month before the survey [8].
In any case, our results strongly support the hypothesis in-
dicating that a high percentage of infections may be non-
symptomatic or only mildly symptomatic [7, 22, 23].
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