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INTRODUCTION

Preterm delivery is one of the most significant 
factors of perinatal morbidity and mortality. 
Considering the fact that Serbia is thought to be 
the country with extremely low birth rate and 
a relatively great number of preterm deliveries 
(8%), it is of utmost importance to bring every 
pregnancy to its term, reaching a live and viable 
birth [1, 2]. The aetiology of preterm deliveries 
is very complex. Last data indicate that infection 
can be one of the causes of preterm delivery, espe-
cially at a low gestational age (<30 weeks) [3, 4].

Bacterial vaginosis (BV) is characterized by 
a disturbance of the normal vaginal flora, with 
a loss of H2O2-producing Lactobacillus spp. 
and an increase in the number of gram-vari-
able coccobacilli (Gardnerella vaginalis), anaer-
obic organisms (Mobiluncus spp., Bacteroides 
spp., Fusobacterium spp., Prevotella spp., 
Prophyromanas spp. and Peptostreptococcus 
spp.), and genital mycoplasmas (Mycoplasma 
hominis) [5]. These changes in the vaginal flora 
are associated with increase of the vaginal pH 
and changes in vaginal secretion. Conventional 
diagnostic methods for BV are methods of Amsel 
et al. [6] and Nugent et al. [7].

Chlamydia trachomatis (Chl) is a carrier of 
a sexually transmitted disease, which is often 
manifested by asymptomatic infection of the 
lower genital tract. It is assumed that this infec-

tion can influence the course and the result of 
pregnancy.

In the early phase of local immunological 
response to the infection, activated macrofages 
produce a large quantity of citokynes, which acti-
vate prostaglandine F2-α and E2 leading to the 
increase of contractility of myometrium and 
premature rupture of amniotic membranes [8].

OBjECTIvE

The aim of this pilot study, was to determine 
if there was a correlation between the serum 
levels of proinflammatory cytokines (IL-1β, 
IL-8, IFN-γ, IL-6 and TNF-α) and the presence 
of bacterial vaginosis or chlamydial infection 
in pregnant women with symptoms of preterm 
delivery.

METHODS

The research was devised as a prospective study 
which was conducted at the Clinic for Obstetrics 
and Gynaecology of the Clinical Centre of 
Vojvodina. The protocol was approved by the 
Institutional Ethical Board of the Faculty of 
Medicine, University of Novi Sad and Clinical 
Centre of Vojvodina, Novi Sad. Thirty-five preg-
nant women with symptoms of preterm delivery 
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at a gestational age range from 24 to 35 weeks of gestation 
(GW) were enrolled into the study. The women were divided 
in groups according to the following criteria: 1) patients with 
BV and/or chlamydial infection (n=17, group BV/Chl) and 
patients without BV or chlamydial infection (n=18, group 
without BV/Chl), 2) patients with BV (n=13, group with BV) 
and patients without BV (n=22, group without BV), 3) preg-
nant women with Chl (n=8, group with Chl) and pregnant 
women without Chl (n=28, group without Chl).

Some other factors that could cause preterm delivery, such 
as general factors (diseases during pregnancy: cardiovascu-
lar diseases - preeclampsia, kidney diseases, urinary infec-
tion, diabetes mellitus), than local factors (uterine malfor-
mation, cervical insufficiency, uterine and adnexal tumours, 
Asherman syndrome, cervical conization, other genital infec-
tions) and obstetric risk factors (multiple pregnancy, poly-
hydramnion) were excluded in all patients [1]. Furthermore, 
the factors which could influence the level of interleukins in 
the serum, such as autoimmune diseases, hormonal disor-
ders, special complications of hypersensitivity and infec-
tious diseases were also excluded during the selection of 
patients [9].

A swab sample of the vaginal secretion was taken from 
the lateral wall and used for diagnosis of BV by Amsel 
and Nugent methods [6, 7]. One step immunochromato-
graphic test for selective identification of LPS antigen of the 
Chlamydia trachomatis species with a high degree of sensi-
tivity (Biorapid Chlamydia AG Kit 20 Tests, BIOKIT S.A., 
Barcelona, Spain) was used for the detection of Chlamydia 
trachomatis in endocervical specimens of all pregnant 
women.

Serum samples preparation and immunoassays for cyto-
kines: we collected 5 ml of blood from the cubital vein of the 
pregnant women. The blood was placed in a serum separator 
tube, and after half an hour the samples were centrifugated 
for 30 minutes at 1000 rpm. Next, the serum samples were 
immediately frozen and kept at -20 0C until the moment of 
use. In the serum samples the levels of IL-1β, IL-8, IFN-γ, 
IL-6 and TNF-α were determined. For IL-1α, IL-8, IFN-γ 
we used ELISA kits (R&D Systems, UK). The sensitivity of 
assays was 1.0 pg/mL for IL-1α, 1.5-7.5 pg/mL for IL-8, with 
the mean minimum detectable dose of 3.5 pg/mL and finally 
8.0 pg/mL for IFN-γ. The ELISA kits (Immunotech, France) 
were used for the evaluation of IL-6 and TNFα. The assay 
sensitivity was 3.0 pg/mL for IL-6 and 5.0 pg/mL for TNF-α.

The results were statistically evaluated with non-paramet-
ric Mann Whitney test, p-values less than 0.05 were consid-
ered as statistically significant.

RESULTS

The average age of women involved in this research was 26 
years and varied between 20 and 35 years.

The presence of BV was found in 9 patients, chlamyd-
ial infection in 4 women, whereas 4 patients had both BV 
and chlamydial infection. Eighteen patients had neither 
BV nor Chl.

From the obtained results for cytokine levels in the serum, 
detectibility of methods, the average, minimal and maximal 
values, standard deviation and p-values were calculated. The 
values of calculated parameters are shown in Tables 1, 2 and 

Table 1. Detectability and statistical analysis results of cytokines in two groups of patients

Cytokine
Group with BV/Chl (n=17) Group without BV/Chl (n=18)

p
Detectability X SD Min Max Detectability X SD Min Max

IL­6 70.6% 11.7 12.1 3.6 42.4 66.7% 13.8 22.6 3.61 86.1 0.86
IL­8 76.5% 23.3 33.9 3.9 126.0 50.0% 8.2 5.2 4.34 20.7 0.27
IFN­γ 35.3% 35.1 41.6 8.7 117.0 27.8% 13.1 5.6 8.34 22.8 0.36
TNF­α 87.5% 62.0 50.0 7.5 189.0 94.1% 75.1 67.5 9.15 286.0 0.46
IL­1β 17.6% 1.5 0.2 1.3 1.7 44.4% 1.4 0.3 1.10 2.1 0.28

BV – bacterial vaginosis; Chl – chlamydial infection; n – number of patients; X – average value; SD – standard deviation; Min – minimal value; Max – maximal value

Table 3. Detectability and statistical analysis results of cytokines in two groups of patients

Cytokine
Group with Chl (n=8) Group without Chl (n= 27)

p
Detectability X SD Min. Max.  Detectability X SD Min. Max.

IL­6 75.0% 8.31 8.5 3.6 25 66.7% 14.2 19.9 3.6 84 0.46
IL­8 62.5% 15.9 12.4 4.3 35 63.0% 17.5 30.2 3.9 126 0.43
IFN­γ 37.5% 59.7 50 23 117 29.3% 12.1 4.6 8.3 22.8 0.014
TNF­α 100% 75.7 63 18 189 88.5% 66.8 5.91 7.6 287 0.85
IL­1β 25.0% 1.51 0.21 1.3 1.7 33.3% 1.41 0.32 1.1 2.1 0.55

Table 2. Detectability and statistical analysis results of cytokines in two groups of patients

Cytokine
Group with BV (n=13) Group without BV (n= 22)

p
Detectability X SD Min Max Detectability X SD Min Max

IL­6 61.5% 12.6 13.4 3.6 42.4 72.7% 12.8 20.0 3.6 84.6 0.76
IL­8 76.9% 24.9 38.2 3.9 126 54.5% 10.6 9.2 4.3 35.5 0.49
IFN­γ 38.5% 18.8 12.8 8.7 39.4 27.3% 30.4 42.6 8.3 117 1.00
TNF­α 83.3% 58.4 53.4 7.6 189 95.2% 74.5 62.5 9.2 287 0.27
IL­1β 15.4% 1.65 0.0 1.6 1.6 40.9% 1.38 0.31 1.1 2.1 0.097
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3 depending on the criteria that were used for the division 
of patients into groups. It can be seen that the lowest detect-
ability was found for IL-1β in the group with BV (15.4%) 
(Table 2) and the highest for TNF-α in the group with Chl 
(100%) (Table 3). When patients were divided in two groups 
according to the first criteria (Table 1), there was no any 
statistically significant difference between interleukins levels 
in the serum of pregnant women from the group with BV/
Chl and group without BV/Chl. However, when patients 
were divided in groups according to the second criteria 
(Table 2), it could be seen that pregnant women with BV 
(13 patients) had increased level of IL-1β in comparison to 
the group without BV (p<0.097), whereas for other inter-
leukins there were no significant differences. On the other 
hand, when we compared the interleukins levels obtained 
from the blood of patients with Chlamydia trachomatis (8 
women) to the levels of patients without Chl (27 women), it 
could be noted that the average value of IFN-γ was signifi-
cantly higher in the group with Chl (p<0.014), whereas the 
levels of other interleukins were approximately the same in 
both groups (Table 3).

DISSCUSION

Peter Medawar first posed the riddle of the foetus-as-allograft 
nearly 60 years ago explaining the normal course of preg-
nancy by maternal-foetal interface, antigenic inertness of 
the foetus and maternal immune tolerance of foreign tissue 
[10]. The trophoblastic tissue and embryonic membranes, 
which are in close connection with the uterus, are also the 
allograft [10]. The fact that only the balance between Th2 and 
Th1 immunological response is necessary for normal preg-
nancy is too simplified. It is known that the concentration 
of interleukines in the maternal serum is changing during 
pregnancy and that certain interleukines have different roles 
in different stages of pregnancy (implantation and matura-
tion period and later development of pregnancy and prepar-
ing for delivery) [11]. Different maternal factors (diseases – 
preeclampsia, kidney disorders, infections of urinary tract, 
diabetes mellitus, infectious diseases, tumours of uterus and 
adnex, Asherman syndrome, cervical conization) influence 
the level of interleukines in the serum.

It is assumed that cervical and vaginal bacterial infec-
tions are responsible for over 30% of all cases of preterm 
premature rupture of foetal membranes (PPROM) and 
preterm delivery [1]. Many clinical studies have confirmed 
that in pregnant women with intrauterine infections bacte-
rial endo- and egzotoxins cause hyperproduction of proin-
flamatory IL in amniotic fluid (IL-1β, TNFα, IL-6 and IL-8) 
[12, 13, 14]. Further these cytokines can induce synthesis of 
prostaglandines and metaloproteinases, which can provoke 
uterine contractions, softening and dilatation of the cervix, 
rupture of amniotic membranes that can lead to PPROM 
and preterm delivery.

A number of studies that have compared proinflamma-
tory cytokine levels in the genital tract fluid from women 
with BV and healthy flora, have reported that IL-1 β levels 
are significantly higher (about 10 times) in BV [15-21] and 

that it decreases after a successful treatment of BV with 
metronidazole [22]. Also, several studies found higher levels 
of IL-8 in the genital secretion of women with BV [15, 16, 
21], although there was generally less than a twofold increase 
over controls. In addition, it was found that in vitro geni-
tal mucosal fluid collected from women with BV strongly 
induced secretion of TNF-α by immune cells [23]. However, 
the levels of IL-6 and TNF-α in vaginal secretion were not 
found to be increased in BV when compared with controls 
[16, 19, 24]. There is no much data about the level of inter-
leukins in the serum of pregnant women with BV. In the 
present study, we found increased level of IL-1β in the serum 
of pregnant women with bacterial vaginosis compared with 
the control group, which is in accordance with the recent 
results obtained for the levels of interleukines in the genital 
secretion of pregnant women with BV [15-21].

Besides, in previous papers it was reported that cells from 
the Chlamydia trachomatis infected site release a high level of 
IFN-γ and small amounts of IL-10, IL-12, IL-23 and TNF-α 
[25, 26, 27]. This is in accordance with the results of our 
study, where significantly increased level of IFN-γ was found 
in the serum of pregnant women with chlamydial infection 
compared with the control group.

The results of this pilot study point out that bacterial 
vaginosis and chlamydial infection can partially provoke 
systemic immune response of pregnant woman, which 
can further cause cervix dilatation, contraction of uterus, 
preterm premature rupture of membranes and finally lead 
to preterm delivery. Considering the fact that pathophysiol-
ogy of preterm delivery is still not well-known, the results of 
this study can contribute to its explanation. Because inves-
tigations of serum interleukines levels in pregnant women 
with preterm contractions and symptoms of preterm deliv-
ery in the presence of disturbed vaginal flora or intrauter-
ine infection are still based on a small number of cases for 
standardization of methods and possible use of interleukines 
as markers of pathological conditions in pregnancy, further 
investigations are needed.

CONCLUSION

Results of this study suggest that in pregnant women with 
bacterial vaginosis the level of IL-1β in the serum is increased, 
while in pregnant women with chlamydial infection the 
serum level of IFN-γ is significantly increased. Besides, it has 
been found that bacterial vaginosis and genital chlamydial 
infection do not affect serum concentrations of IL-8, IL-6 
and TNF-α. Results of this and similar studies point out the 
significance of monitoring of cytokines levels in patients with 
disturbed vaginal flora or chlamydial infection.
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KRATAK SADRŽAJ
Uvod Sr bi ja je ze mqa s eks trem no ni skom sto pom pri rod nog 
pri ra šta ja i re la tiv no ve li kim bro jem pre vre me nih po ro-
đa ja (8%). Zbog to ga je pro na la že we di jag no stič kih me to da ko-
je bi se mo gle ko ri sti ti za pred vi đa we pre vre me nog po ro đa-
ja iz u zet no zna čaj no. U ovom ra du po ku ša li smo da ot kri je mo 
da li bak te rij ska va gi no za i in fek ci ja hla mi di jom, pre ko ak-
ti vi ra wa si stem ske mre že ci to ki na, mo gu bi ti uzro ci pre-
vre me nog po ro đa ja.
Ciq ra da Ciq ra da je bio da se od re de ni voi pro in fla ma-
tor nih ci to ki na (IL-1β, IL-8, IFN-γ, IL-6 i TNF-α) u se ru mu trud ni-
ca sa simp to mi ma pre vre me nog po ro đa ja, a za tim na pra vi ko-
re la ci ja ovih pa ra me ta ra s pri su stvom bak te rij ske va gi no ze 
ili in fek ci je hla mi di jom.
Me to de ra da U se ru mu 35 is pi ta ni ca, ko je su svr sta ne u gru pe 
pre ma po sto ja wu bak te rij ske va gi no ze i in fek ci je hla mi di-

jom, ni voi pro in fla ma tor nih ci to ki na su od re đe ni ko mer-
ci jal nim ELI SA te sto vi ma.
Re zul ta ti Utvr đe no je sta ti stič ki zna čaj no po ve ća we ni voa 
IFN-γ kod trud ni ca s in fek ci jom hla mi di jom, kao i po ve ća we 
ni voa IL-1β kod že na sa bak te rij skom va gi no zom. Ni je bi lo sta-
ti stič ki zna čaj nih raz li ka u ni vo i ma TNF-α, IL-6 i IL-8 iz me đu 
is pi ti va nih gru pa.
Za kqu čak Pre li mi nar ni re zul ta ti do bi je ni ovim is tra ži va-
wem uka zu ju na mo guć nost da ne sa mo in tra u te ri na ili si stem-
ska in fek ci ja, već i bak te rij ska va gi no za i in fek ci ja hla mi-
di jom mo gu do ve sti do de li mič ne ak ti va ci je si stem ske mre-
že ci to ki na i do pri ne ti pre vre me nom po ro đa ju.

Kquč ne re či: in ter le u ki ni; pre vre me ni po ro đaj; bak te rij-
ska va gi no za; Chlamydia trac ho ma tis

Да ли бактеријска вагиноза и инфекција хламидијом утичу на  
ниво цитокина у серуму?
Мирјана Богавац1, Снежана Бркић2, Наташа Симин3, Зорица Грујић1, Биљана Божин4

1Клиника за гинекологију и акушерство, Клинички центар Војводине, Нови Сад, Србија;
2Клиника за инфективне болести, Клинички центар Војводине, Нови Сад, Србија;
3Департман за хемију, Природно­математички факултет, Универзитет у Новом Саду, Нови Сад, Србија;
4Департман за фармацију, Медицински факултет, Универзитет у Новом Саду, Нови Сад, Србија

Примљен • Received: 04/06/2009 Прихваћен • Accepted: 17/02/2010


