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This study investigated the impact of Human Papillomavirus infection on the local immune system during pregnancy.
For this purpose, local immune responses — immunoglobulins and functional activity of neutrophils — in cervical secretions, were
comparatively examined in three groups. Group I — 25 pregnant women with transient Human Papillomavirus infection, Group II
— 24 pregnant women with persistent Human Papillomavirus infection, and a control group of 25 pregnant women without detected
Human Papillomavirus infection. The results showed that, especially in cases of persistent Human Papillomavirus infection,
although an increase in the total number of neutrophils in cervical mucus was observed, their phagocytic activity and functional
capacity were significantly reduced. This is explained by the depletion of functional reserves of neutrophil cells due to the chronic
course of the infection. At the same time, in persistent infections, the humoral immune response was found to be enhanced, with a
statistically significant increase in IgG levels. This is interpreted as an indicator of the adaptive immune response developed against
the prolonged presence of the virus in the body. The findings of this study demonstrate the potential diagnostic significance of
local immune parameters — neutrophil activity and IgG levels — for predicting the clinical course and outcomes of Human
Papillomavirus infection during pregnancy.
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JI.X. MycaeBa, C.M. IcmainoBa

OILIIHKA MICIHEBOI IMYHHOI BIANOBIJII ¥ BATITHUX KIHOK
3 IHOEKUIEIO BIPYCY HAIIVIOMMU JIIOJUHHU

V naHomy JOCIHiKEHHI HAMH BHBYAaBCS BIUIMB iH(EKLIT BipyCy HaIiJIOMH JIIOAWHH Ha MICLIEBY IMyHHY CHCTEMY IIiJ 4ac
BariTHOCTI. 3 IIi€l0 METOI OyJIM MPOBE/IeHI MOPIBHSIBHI JOCHIIIKEHHS MiCIieBOi IMyHHOI BiIIOBiNi — piBHS iMyHOIIOOYITiHIB i
(yHKUIIOHABHOT aKTUBHOCTI HEUTPOOIIIB — y LEepBiKaIbHUX BHIUICHHIX Y TPbOX IPyI *kiHOK. [pyma I — 25 BariTHUX kiHOK i3
TPaH3UTOPHOIO iH(peKuiero Bipycy maminomu stoauau, I'pyma II — 24 BariTHi KIHKM 3 MEPCHCTYBalIbHOIO iHQEKLIEI Bipycy
MAIiJIOMH JIFONMHH, KOHTPOJIBHA TpyHa — 25 BariTHUX JKiHOK, Y SIKMX BipyCy MAaIiJIOMH JIOAWHHU He Oyino BUsBIEHO. Pesymprati
MOKa3aJd, 10 0COOIMBO 32 MEPCUCTYI0U01 iH(pEKIii BipyCy ManiioMu JIIOIHHHU, HE3BAKAIOUU Ha 30UIBIICHHS 3aTajbHOI KITBKOCTI
HEUTpO(DLNIB y HEpBIKAIBHOMY cin3y, X (harorurapHa aKkTHBHICTH 1 (yHKIIOHAJbHA 3[aTHICTH OynM 3HauyHO 3HIDKeHI. Lle
MOSICHIOEThCS. BHCHA)XXKCHHSIM (DYyHKI[IOHAJIBHUX PE3epBIB HEHTPO(INBHUX KIITHH YHACIiOK XPOHIYHOTO Hepediry iHdexmil.
OIHOYACHO NPH MEePCUCTYIOUHX iH(PEKIISX CIOCTepiraaocs MOCUICHHS I'yMOPaIbHOI IMyHHOI BINOBI/I, IO CYIIPOBOIXKYBAJIOCS
CTaTUCTUYHO 3HAYynuM migBumieHHsM piBHS [gG. Ile poO3LIHIOETBCS sIK MOKA3HHUK aNanTUBHOI IMyHHOI BiJIOBiMi, IO
PO3BUBAETHCS y BiAMOBI/Ib HA TPUBAITY IPUCYTHICTD Bipycy B opranizmi. OTpuMaHi AaHi CBiA4aTh MPO MOTSHLUIHHY AiarHOCTUYHY
3HAYYIICTh MapaMeTPiB MiCIeBOi IMyHHOI BiMOBIii — akTHBHOCTI HeWTpodiniB i piHs IgG — n1s IPOrHO3yBaHHS KIIHIYHOTO
nepediry Ta pe3ynpTariB iH(eKii BipyCy MaIiIoMH JIFOIMHY ITiJ] Yac BariTHOCTI.

KuniouoBi cioBa: iHdexIist BipyCy namizoMy, BariTHI XiHKH, iMyHOIIOOYIiHH, HEUTPOQITHL.

The prevalence of Human Papillomavirus infection (HPV) in pregnant women has been
investigated in several studies, and overall results indicate that the risk of HPV among pregnant women is
higher compared to non-pregnant women. In a systematic review compiling studies on the prevalence of
HPV in pregnant women, Liu et al. found the prevalence to be 16.82 % in pregnant women and 12.25 %
in non-pregnant women [3]. In a study comparing pregnant and non-pregnant women of similar age, also
observed a higher prevalence in pregnant women—24.2 % vs. 14.8 %, respectively [2]. Most studies on
pregnant women have examined the infection in the cervix [3, 4, 10]; however, HPV DNA has also been
detected in the placenta [6], amniotic fluid [7, 8], and umbilical cord [8], indicating the possibility of
vertical transmission to the fetus [9]. However, this trend is mostly observed in the first two trimesters of
pregnancy, while the postpartum period is characterized by increased viral clearance. This later “recovery
process” is considered sufficiently effective to compensate for the first two trimesters, as studies have
observed that the overall clearance rate of HPV over a 12-month period is similar between pregnant and
non-pregnant women [11]. Some authors found reported various adverse pregnancy outcomes, including
preterm birth [9], spontaneous abortion [2], premature rupture of membranes [13], intrauterine growth
restriction [8], low birth weight [5], and fetal death [7]. Cervical cancer and other HPV-related diseases
represent a significant global public health issue. For this reason, the WHO has reiterated its
recommendation to include HPV vaccines in national immunization programs [12]. Studying the immune
response to HPV during pregnancy can help determine the range of complications caused by the virus and
further emphasize the need for and effectiveness of immunization.
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The purpose of the study was to investigate the local immune response in pregnant women with
human papillomavirus infection.

Materials and methods. The study was conducted between 2013 and 2015 at Maternity Hospital
No. 1 and Women's Consultation Clinic No. 6 under the Ministry of Health of the Republic of Azerbaijan.
A total of 77 women of reproductive age were examined and women were divided into three groups: Group
I — 28 pregnant women with initial HPV-positive results who tested negative 6 months later (transient
HPV); Group II — 24 pregnant women who remained HPV-positive 6 months after initial testing (persistent
HPV); Group III (control) — 25 pregnant women with no detected HPV.

Anamnesis data and infection-related clinical symptoms were collected; colposcopy and
cytological examination of cervical secretions were performed. Additionally, to detect the virus via
polymerase chain reaction (PCR), a universal swab was used to obtain a sample from the cervical surface.
The swab’s material-carrying tip was cut off, placed in a transport medium inside an Eppendorf tube, and
delivered to the laboratory. After DNA extraction from the sample, electrophoretic analysis of PCR
products was conducted on an agarose gel. Cytological examination of the swab was performed.
Microscopy was carried out using the oil immersion technique, and neutrophil leukocytes, fibroblasts,
macrophages, and eosinophils in the prepared slides were counted. Furthermore, immunoglobulin levels in
vaginal secretions were measured using the enzyme-linked immunosorbent assay (ELISA) method. The
obtained data were statistically analyzed using the Statistica 6.0 software package and Microsoft Excel
spreadsheet editor. The arithmetic mean and standard error were calculated. Group comparisons were made
using Student’s t-test, and qualitative comparisons were based on the Van der Waerden X-criterion. A
difference was considered statistically significant at p<(.05.

Results of the study and their discussion. The age range of the pregnant women was between
17 and 40 years. The average age was 27.2+6 years in Groups I and II, and 28 £ 5 years in the control
group. In addition to the life cycle of HPV, local immune factors of the host organism also play an
important role in the progression of the disease. To evaluate the local immune response in women, the
quantity and functional activity of neutrophils in cervical mucus were investigated. The results are
presented in Table 1.

Table 1
Comparative characteristics of local immune parameters in cervical mucus by groups
. Control group Group I Group II
Indicators n=25 Transient HPV n=28 Persistent HPV (6 months), n=24
Total leukocyte count, 10°/1 7.45+0.89 18.23+2.54 11.42+1.93
p<0.001
Viable neutrophils, % 39.61+2.82 40.60+2.8 38.25+2.27
Viable neutrophils, 10°/1 2.64+0.34 7.74£1.11 3.51+£0.59
p<0.001 p<0.002
Neutrophil lysosomal activity, AU 29.22+3.37 218.61£18.92 139.30+24.77
p<0.001 p<0.001
NBT-spontaneous test, % 23.63+2.08 26.55+2.55 23.23+3.72
NBT-spontaneous test, AU 0.25+0.03 0.34+0.03 0.27+£0.04
NBT-stimulated test, % 39.36+2.96 37.77+2.44 41.9843.50
NBT-stimulated test, AU 0.51+0.04 0.44+0.04 0.57+0.03
Neutrophil functional reserve, AU 2.02+0.13 2.31+0.28 2.454+0.31
Neutrophil phagocytic activity, % 61.35+£2.76 51.12+1.85 44.64+3.82
p<0.001 p<0.001
Neutrophil phagocytic activity, AU 2.52+0.20 1.68+0.11 1.32+0.14
p<0.001 p<0.001
Phagocytic index, AU 3.81+0.21 3.194+0.14 2.80+0.17
p<0.001 p<0.01

Note: AU — Arbitrary Units, NBT — Nitroblue tetrazolium test (measures oxidative burst in neutrophils), p < 0.05 indicates
statistically significant difference.

When studying the immunological parameters of cervical mucus in transient and persistent courses
of HPV (papillomavirus infection), it is observed that the functional activity of neutrophils and their
phagocytic index are aligned. This is characterized by significant differences in neutrophil lysosomal
activity, phagocytosis intensity, and the neutrophil phagocytic index. Changes in the phagocytic activity
response of neutrophils are indicative of disruptions in their ingestion and digestion capabilities, as well as
the ineffectiveness of intracellular functions during HPV. Compared to transient HPV, neutrophil
functional activity was lower in persistent HPV. This is likely due to a high antigen load in this group,
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which in turn depletes the functional granules of neutrophils. The study of humoral factors in cervical
mucus showed that in persistent HPV, the humoral components of the immune system are also engaged in
the body’s response. (Table 2).

Table 2
Comparative levels of immunoglobulins in cervical mucus by groups
. Control group, Group I, Group II,
Indicators n=25 Transient HPV, n=28 Persistent HPV (6 months) n=24
slgA, g/L 0.021+0.006 0.025+0.007 0.036+0.005
IgA, g/L 0.10+0.026 0.09+0.017 0.14+0.018
IgM, g/L 0.012+0.002 0.027+0.008 0.022+0.003
1gG, g/L 0.23+0.06 0.42+0.06 0.64+0.03
p<0.05

Note: p — statistical significance of the difference compared to control group indicators.

It is known that an increase in IgG levels indicates the completion of the immune response, which
contributes to the elimination of HPV from the body. When analyzing the levels of IgG class antibodies
against HPV, it was found that particularly high titers (1:800) were more commonly observed in women
of group II (p<0.001). In contrast, antibody titers against HPV of 1:200 or lower were mostly found in
women from group I and the control group. (Fig. 1).

Based on the obtained
results, it can be concluded
that in persistent HPV, the
increased viral load leads to
depletion of the neutrophil
£ defense mechanism in
cervical mucus.

Thus, the findings of
this study showed that
during pregnancy, human
papillomavirus  infection
causes significant changes
in both cellular and
eroup I group I control group humoral components of
local immunity. Notably, in
persistent HPV  cases,
although an increase in the total number of neutrophils in cervical mucus was observed, a significant
decrease in their functional activity and phagocytic capacity was also recorded. These findings indicate
that the chronic nature of the infection, due to a high antigen load, depletes the functional reserves of
neutrophil cells, which in turn weakens intracellular defense mechanisms.

Additionally, alterations were also detected in humoral immune factors of cervical mucus in
persistent infections. The statistically significant increase in IgG levels (p<0.01) can be interpreted
as an indicator of an intense immune response developed against the persistent presence of the virus
in the body. Higher IgG titers (1/800 and above) were mostly observed in women with persistent
HPV, which may be related to the strengthening of the adaptive immune response in chronic
infections.

Studies have shown that the clearance of HPV is delayed during pregnancy, and high viral loads
additionally support persistence of the virus, further reinforcing the hypothesis that pregnancy is
characterized by a modified immune response [3]. It is hypothesized that HPV and/or its persistent
presence may be promoted by altered immunological adaptations aimed at maintaining immune tolerance
to the semi-allogeneic fetus [10]. The obtained results are consistent with previous studies showing that
changes in the immune system during pregnancy may delay the clearance of HPV infection, while
postpartum immune recovery may lead to increased elimination of the infection. Similar findings have
been reported in other studies as well. Mu Li et al. demonstrated a positive correlation between the levels
of slgA, IgG, and IL-10 with the degree of cervical lesions and the presence of HPV 16 and HPV 18
infections [12]. This study also demonstrated that during persistent HPV, weakening of local and
humoral immunity may have a potentially negative impact on the clinical course and outcomes of HPV
during pregnancy.
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Fig 1. Comparative characteristics of IgG titers in pregnant women with HPV by group.
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Conclusion

In persistent HPV, a significant decrease in the phagocytic activity and functional reserve of
neutrophils in cervical mucus was observed. The phagocytic count and activity of neutrophils were lower
in persistent infection compared to transient HPV, indicating functional depletion due to massive antigen
load. During persistent HPV, the IgG level in cervical mucus increased significantly, reflecting an active
response of the adaptive immune system against the infection. High IgG titers indicate viral persistence in
the body and the formation of a strong immune response. Changes in local immune indicators can be used
to predict the course and outcomes of HPV infection.
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