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Abstract

Introduction: Both inflammation and oxidative stress (OS) stimulate each other and act together in providing
defense against recurrent vulvovaginal infections (RVVI). Both processes are in such a tight link, that defect in one
may lead to defect in other; therefore, recognition and treatment of primary anomaly are of great clinical importance.

Objective: To investigate the relationship between PRRs, i.e, mannose-binding lectin (MBL) and dendritic cell-associated
C-type lectin-1 (Dectin-1) and oxidative stress parameters, i.e, total antioxidant status (TACQ), total oxidant status (TOS), and
oxidative stress index (OSI), along with their dependency on system factors in modulating susceptibility to RWI.

Study design: This case-control study included 258 RWI cases and 203 age-matched controls. TAC, TOS, and OSI were
determined according to modified standard protocols. MBL and Dectin-1 levels were assessed by commercially available
kits.

Results: RWWI and bacterial vaginosis showed significantly low TAC than controls. Significantly low TOS was observed in
cases than controls. RWI and vulvovaginal candidiasis showed significantly low OSI than controls. Significantly low MBL
and high Dectin-1 levels were observed in cases than controls. Significant, but unexpected weak relationship, was

observed between OS parameters and PRRs. Serum biomarkers were found to be dependent on confounding variables.

from RWI.

Conclusion: Low MBL levels were found to be the primary source of defect in the present study that leads to the
dysregulated immune system with no observed protective oxidative stress, increasing susceptibility to RWI. Therefore,
substituting the required MBL in representative Indian population may restore host homeostasis and provide recovery
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Introduction

The human vaginal microbiome is normally populated
by many potentially dangerous bacterial and fungal spe-
cies, overgrowth of which can lead to vulvovaginal infec-
tions (VVI) (Li et al.,, 2012a). The common VVI includes
bacterial vaginosis (BV), vulvovaginal candidiasis (VVC),
and trichomoniasis (Mulu et al, 2015). However, the
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repeated occurrences of common VVI, referred as recur-
rent VVI (RVVI), are the researcher’s main issue (Powell
& Nyirjesy, 2014). An abnormal vaginal discharge is the
characteristic and commonly complained symptom of
RVVI (Workowski & Bolan, 2015). National Family
Health Survey 2 reported 30 percent prevalence of vagi-
nal discharge in India with 29.9% prevalence in Delhi
(National Family Health Survey 2 (NFHS 2) 1998-99,
India, 1999). Adverse pregnancy-related complications
and advance co-morbid conditions are the serious out-
comes of untreated RVVI (Atashili et al., 2008; Durugbo
et al,, 2015; Rose et al,, 2017). Uncontrolled diabetes, un-
checked use of antibiotics, black race, poor personal
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hygiene, use of birth control options, hormonal imbal-
ance, sexual activity, and immunosuppression are the
other suggested predisposing factors of RVVI (Gongalves
et al,, 2016). However, women without any known pre-
disposing factors have been documented to acquire
RVVI, suggesting a fine interplay between host defense
system and vaginal microbiota that determines the dis-
ease outcome (Bradford et al., 2013). Therefore, to get
an accurate definition of vaginal health and infections,
exploration of host defense system active in the removal
of RVVI pathogens is necessary.

Inflammation is a fine mechanism of host immune
system that is meant to eliminate pathogens. This
process involves pattern recognition receptors (PRRs)
activation by pathogen-associated molecular patterns
(PAMPs) that further induce downstream signaling path-
ways and subsequent release of inflammatory immune
mediators, with the aim of pathogens killing by effector
phagocytic cells (Medzhitov, 2008). All these inflamma-
tory stages generate reactive oxidants as an essential part
of defense mechanism, leading to a state of oxidative
stress (Lugrin et al., 2014). Oxidative stress is a dispro-
portionate state, generated due to an excess of oxidants
production than anti-oxidants, with considerable bio-
logical consequences and thus contributes to the patho-
physiology of disease. The first class of reactive oxidants
includes reactive oxygen species (ROS), generated by the
action of enzyme nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase (NOX) and include super-
oxide anion radical (O,7), hydrogen peroxide (H,O,),
and the hydroxyl radical (OH’) (Jomova et al., 2010).
The second class of reactive oxidants includes reactive
nitrogen species (RNS), generated by the action of en-
zyme NO synthase (NOS) and include nitrogen oxide
free radical (NO’), the parent molecule of all RNS
(Pacher et al.,, 2007). The NOS exist in three different
isoforms, in which neuronal NOS (nNOS) and endothe-
lial NOS (eNOS) express constitutively, while inducible
NOS (iNOS) express only upon stimulation by pathogen,
PAMPs. and by pro-inflammatory cytokines (Forster-
mann & Sessa, 2011).

Human mannose-binding lectin (MBL) and dendritic
cell-associated C-type lectin-1 (Dectin-1) are the two
prototypical PRRs of innate immunity, whose direct role
in defense against RVVI pathogens has been defined (Ip
& Lau, 2004; Pellis et al., 2005; Ferwerda et al., 2009; Li
et al., 2012b). Moreover, our studies along with others
have suggested the involvement of these PRRs in deter-
mining RVVI susceptibility (Ferwerda et al., 2009; Babula
et al., 2003; Liu et al., 2006; Milanese et al., 2008; Henic¢
et al, 2010; Ghazanfari et al., 2017; Kalia et al., 2017,
2018, 2019a, 2019b). In addition, both MBL and Dectin-
1 have been shown to mediate ROS release as a part of
defense mechanism against pathogens (Li et al., 2012b;
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Underhill et al,, 2005; Kalia et al., 2016; Lima-Junior et
al., 2017). These oxidants further lead to PRRs activation
that subsequently results in both oxidative and nitroxi-
dative stress after multiple rounds of magnification,
which ultimately leads to chronic inflammatory response
(Lucas & Maes, 2013). The pathological increase of ROS
generation has been recognized in RVVI that plays an
important role in maintaining low burden of infection
(Babula et al., 2005; Malla et al., 2004; Yadav et al., 2006;
de Souza Bonfim-Mendonca P, Ratti BA, Godoy ]D,
2014; Chen et al., 2015).

From this background, we sought to investigate the re-
lationship between PRRs and oxidative stress parameters
along with their dependency on system factors in modu-
lating susceptibility to RVVI, making the present study
first approach towards it.

Material and methods

Participants

Two hundred and fifty eight pre-diagnosed RVVI (mean
age + SD, 29.33 + 8.32 years) cases, with minimum 4
documented recurrent experiences in a year, as per rec-
ommendation by gynecologist, were recruited from De-
partment of Obstetrics and Gynaecology, Bebe Nanki
Mother and Child Care Centre, Government Medical
College, Amritsar (Pb). These cases complained of hav-
ing frequent symptoms like itching, burning, pelvic pain,
vaginal fishy smell, and discharge. Two hundred and
three age-matched healthy women (mean age + SD,
29.33 + 8.17 years) without any recurrent vaginal infec-
tion complaints were used as controls. Participants with
HIV infections or any other chronic conditions, under
chemotherapy and using immunosuppressive medica-
tions were excluded from the study.

Clinical samples and RVVI categories

Serum was separated from the peripheral blood that was
collected from RVVI cases (n = 258) as well as healthy
controls (n = 203). For this, the blood samples collected
in the plain vials were incubated at 37 °C and centri-
fuged (REMI, India) at 600xg for 30 min. Serum was ob-
tained as transparent pale shiny supernatant that was
transferred to fresh vials. From this, the further aliquots
were prepared and stored at — 80 °C (Skadi® Green Line,
Saudi Arabia), pending further use. Vaginal discharge
samples from RVVI cases (n = 200) were processed on
the basis of standard diagnostics methods specified in
European (IUSTI/WHO) guidelines on vaginal discharge
management (Sherrard et al, 2011). These details have
been reported previously, which categorized these RVVI
cases into three main groups, i.e., bacterial vaginosis
(BV; n = 97), Vulvovaginal candidiasis (VVC; n = 62),
and mixed infections (MI; n = 41), i.e., cases with both
BV and VVC (Kalia et al., 2015). However, 58 RVVI
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cases could not be processed for RVVI categories, as
some participants were menstruating and others were
not willing to give vaginal samples.

Confounding parameters

The confounding parameters include participant’s age,
age of initiation of sexual activity, duration of infection,
and random capillary blood glucose (RCBG) (Table 1).
Of these variables, RCBG for each participant was deter-
mined using glucometer (Glucosign, South Korea) ac-
cording to the manufacturer’s instructions (Somannavar
et al., 2009; Shewade et al., 2017). The information re-
garding the rest of the continuous variables was obtained
from proforma filled for each participant during
sampling. The proforma also included details regarding
obstetric history, menstrual history, and clinical charac-
teristics; however, the information regarding this has
already been reported previously (Kalia et al., 2017,
2018, 2015).

Total antioxidant capacity

Serum TAC (sTAC) was measured using a method de-
veloped by Erel (Erel, 2004) with slight modifications
using the microplate method (Gupta et al., 2009). The
theory involves the reduction of blue-green colored
complex 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfon-
ate) cations (ABTS") to its original colorless reduced
form (ABTS). This occurs in the presence of any matter
that can be oxidized, e.g., anti-oxidants. Hence, the rate
of reduction is directly proportional to the amount of
anti-oxidants in samples.

Briefly, 5 pl of each serum sample was added in triplicates
to the wells of the flat bottom microplate (Tarson, India),
along with blank and standard. Then, 200 ul of reagent I
was added to each well and absorbance was taken at 655
nm on a microplate reader (BIO-RAD, iMark™, USA).
Afterward, 20 pl of reagent II was added to wells and incu-
bated at 37 °C for 5 min before taking absorbance. Final ab-
sorbance was read at 655 nm. The difference in absorbance
at 655 nm was used for calculating TAC. Phosphate-
buffered saline (PBS) (0.01 M, pH7.2) was used as blank.
The assay was calibrated using Trolox as standard. The
standard curve was obtained from different concentration
of Trolox (0.25, 0.50, 0.75, and 1.00 mmol Trolox

Table 1 Confounding parameters of study populations
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equivalent/L), and the results were expressed in millimoles
Trolox equivalent per liter (mmol Trolox equiv/L).

Total oxidant status

Serum TOS (sTOS) was measured using a method de-
veloped by Erel (Erel, 2005) with slight modifications
using the microplate method (Gupta et al., 2009). The
theory involves the oxidation of ferrous ion (Fe?™) to its
oxidized form ferric ion (Fe**). The ferric ions react with
xylenol orange to form colored complex. This occurs in
the presence of any matter that can be reduced, e.g.,
various oxidant species. Thus, the rate of oxidation is
directly proportional to the amount of oxidants present
in the samples and hence color production.

Briefly, 35 pl of each serum sample was added in tripli-
cates to the wells of the flat bottom microplate (Tarson,
India), along with blank and standard. Then, 225 ul of
reagent I was added to each well and absorbance was
taken at 595 nm on microplate reader (BIO-RAD,
iMark™, USA). Afterward, 11 pl of reagent II was added
to wells and incubated at 37 °C for 5 min before taking
absorbance. Final absorbance was read at 595 nm. The
difference in the absorbance at 595 nm was used for cal-
culating TOS. PBS (0.01 M, pH7.2) was used as blank.
The assay was calibrated using H,O, as standard. The
standard curve was obtained from different concentra-
tion of H,O, (25, 50, 75, 100, 125, 150, 175, and 200
pumol H,O, equivalent/L), and the results were expressed
in terms of micromole H,O, equivalent per liter (umol
H,0, Equiv/L).

Oxidative stress index

Serum oxidative stress index (sOSI) was calculated by
ratio of TOS to TAC (Aycicek et al., 2005; Harma et al.,
2005), i.e.,

OSI — TOS (pmol HO Equiv/L)
~ TAC (umol Trolox Equiv/L)

MBL and Dectin-1

Enzyme-linked immunosorbent assay (ELISA) was
used, for the quantification of serum MBL (sMBL) and
serum Dectin-1 (sDectin-1 levels), using commercially

Confounding variables HC WI BV WC MI

(n = 203) (n = 258) (n=297) (n=262) (n=41)
Age (years) 2933+ 817 2933 £832 30.53 £ 9.09 2945 + 806 2648 + 5.07
Age of initiation of sexual activity (years) 2302 +4.12 20.94 + 369 2137 £397 20.96 + 3.90 20.56 + 247
Random capillary blood glucose (RCBG, mg/dl) 105.01 £ 11.85 115.80 + 40.31 11262 +21.8 116.67 + 46.24 120.85 + 63.17
Duration of infection (years) - 332+ 424 311 +383 343 + 448 369 + 421

HC healthy controls, VI vulvovaginal infections, BV bacterial vaginosis, VVC vulvovaginal infections, Ml mixed infections



Kalia et al. Bulletin of the National Research Centre (2019) 43:109

available kits (Ray Biotech, USA), according to the
manufacturer’s instructions, as reported previously
(Kalia et al., 2017, 2018).

Statistical analysis

Variables were expressed as mean + SD. One-way ana-
lyses of variance (ANOVA) followed by Tukey’s multiple
comparison post-test were performed to compare serum
biomarkers within group consisting of more than two
categories. The correlation of serum biomarkers with
cofounding parameters was checked by Pearson’s correl-
ation test. Multiple linear regression (MLR) analyses
were also accounted and applied as mentioned in the
equation given below:

y=a+ bix1 + byxy + byxy,

Where y = dependent variable, x;, x,_ x, = independ-
ent variables, a = y-intercept

b, = unstandardized regression coefficient for x; on y
eliminating effect of x, and x,,

b, = unstandardized regression coefficient for x, on y
eliminating effect of x; and x,

b, = unstandardized regression coefficient for x,, on y
eliminating effect of x; and x,

Along with standardized beta-regression coefficients (f3)
that explained the relative effects of independent variables
on dependent variable and their statistical significance. All
the statistical analyses were carried out by the statistical
package for social sciences (SPSS) v 16.0 (SPSS Inc., Chi-
cago, IL). p values < 0.05 were considered significant.

Results

Total antioxidant capacity

sTAC were quantitatively estimated and compared be-
tween different categories of cases and controls, using
linear regression equation, y = - 0.140x + 0.422, R* =
0.816 obtained from Trolox standard curve. This stand-
ard curve was prepared using different concentrations
of Trolox, followed by plotting their concentrations on
x-axis and their respective absorbance on y-axis (Fig.
la). The sTAC in cases and controls have been pre-
sented using dot plot in Fig. 1b. RVVI (0.711 + 0.4415
mmol Trolox Equiv/L) and its subtypes BV (0.592 +
0.338 mmol Trolox Equiv/L), VVC (0.881 + 0.542
mmol Trolox Equiv/L) and MI (0.695 + 0.548 mmol
Trolox Equiv/L) showed low level of sTAC as compared
to controls (0.914 + 0.588 mmol Trolox Equiv/L). How-
ever, this difference was significant only for RVVI and
BV as compared to controls at p = 0.000. Also, signifi-
cantly low sTAC were observed in BV as compared to
VVC at p = 0.003.

Page 4 of 13

Total oxidant status

sTOS were quantitatively estimated and compared between
different categories of cases and controls, using linear re-
gression equation, y = 0.008x + 0.099 with R* = 0.968 ob-
tained from H,O, standard curve. This standard curve was
prepared using different concentrations of standard H,O,,
followed by plotting their concentrations on x-axis and
their respective absorbance on y-axis (Fig. 2a). The sTOS in
cases and controls are presented using dot plot in Fig. 2b.
RVVI (13.74 + 7.61 pmol H,O, Equiv/L) and its subtypes
BV (12.72 + 6.84 pmol H,O, Equiv/L), VVC (12.85 + 7.28
pmol H,O, Equiv/L), and MI (11.08 + 4.31 pmol H,O,
Equiv/L) showed significantly low level of sTOS as com-
pared to controls (20.95 + 11.71 pmol H,O, Equiv/L) at
p = 0.000. No other significant difference was found.

Oxidative stress index

sOSI was assessed in cases and controls by calculating
ratio of TOS to TAC of each category. The sOSI of
RVVI (0.0200 + 0.0027), BV (0.0239 + 0.0093), VVC
(0.0139 + 0.0024), MI (0.0238 + 0.0147), and controls
(0.0224 + 0.0063) are presented using dot plot in Fig. 3.
Significant low sOSI was observed in RVVI (p = 0.001)
and VVC (p = 0.000) as compared to controls. Signifi-
cant low sOSI were observed in VVC as compared to
RVVI (p = 0.000), BV (p = 0.000), and MI (p = 0.000).
However, high sOSI were observed in BV (p = 0.000)
and MI (p = 0.006) as compared to RVVL.

MBL and Dectin-1

The distribution of sMBL and sDectin-1 levels in RVVI,
RVVI types, and healthy controls have been reported
previously (Kalia et al., 2017, 2018). RVVI (793.4 + 539.3
ng/ml) and its subtypes BV (744.1 + 481.5 ng/ml), VVC
(595.9 + 499.74 ng/ml), and MI (842.4 + 556.14 ng/ml)
showed significantly low level of sMBL as compared to
controls (1128.4 + 518.00 ng/ml). RVVI (0.408 + 0.185
ng/ml) and its subtypes BV (0.343 + 0.151 ng/ml), VVC
(0.412 + 0.183 ng/ml), and MI (0.353 + 0.144 ng/ml)
showed significantly high level of sDectin-1 as compared
to controls (0.170 + 0.096 ng/ml).

Correlation

Pearson’s correlation analysis of serum biomarkers was
assessed in RVVI, RVVI types, and controls (Table 2). In
RVVI, a significant negative correlation was found be-
tween pairs including sMBL/sTAC and sOSI/sTAC. In
addition, significant positive correlations were found be-
tween pairs including sDectin-1/sTAC, sTOS/sTAC, and
sOSI/sTOS. In BV, significant positive correlations were
found between pairs sDectin-1/sTAC and sTOS/sOSI
while, significant negative correlation was found between
sTAC and sOSI. In VVC, significant positive correlations
were found between pairs sDectin-1/sTAC and sTOS/
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Fig. 1 a Standard curve for quantitative evaluation of sTAC. b sTAC in different clinical categories of RWI and healthy controls (HC). Dot plot
presenting the distribution of sTAC in patients and controls. Horizontal line signifies the mean value
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sOSI while, significant negative correlations were found
between pairs including sDectin-1/sOSI and sTAC/sOSI.
In M1, significant positive correlation was found between
sTAC and sTOS while, significant negative correlations
were found between pairs including sMBL/sTOS and
sTAC/sOSL. In controls, significant positive correlations
were found between pairs SsMBL/sTOS, sMBL/sOSI, and
sTOS/sOSI while, significant negative correlations were
found between pairs including sDectin-1/sTAC, sTAC/
sTOS, and sTAC/sOSIL.

Pearson’s correlation analysis of serum biomarkers
with confounding parameters was assessed in RVVI,
RVVI types, and controls (Table 3). In RVVI, sMBL ex-
hibited significant positive correlation with age at which
sexual activity was initiated. Also, sSTAC exhibited sig-
nificant negative correlation with age, RCBG, and age of
initiation of sexual activity. No significant correlations of

confounding parameters were found with sDectin-1,
sTOS, and sOSI. In BV sMBL, sDectin-1 and sTAC were
found to be significantly associated with age at which
sexual activity was initiated. Also, significant positive
correlation of sDectin-1 and sOSI was found with RCBG
and duration of infection respectively. In VVC, sMBL
exhibit significant positive correlation with duration of
infection. sDectin-1 was found to be significantly nega-
tively correlated with age, RCBG, and age of initiation of
sexual activity. sSTAC exhibit significant negative correl-
ation with age of initiation of sexual activity. sTOS ex-
hibit significant positive correlation with age and RCBG.
In MI, sMBL and sTOS were found to be significantly
associated with age of initiation of sexual activity and
duration of infection. Also, sOSI was found to be nega-
tively correlated with age of initiation of sexual activity.
In controls, only positive correlation was found between
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Fig. 2 a Standard curve for quantitative evaluation of sTOS. b sTOS in different clinical categories of RWI and healthy controls (HC). Dot plot
presenting the distribution of sTOS in patients and controls. Horizontal line signifies the mean value




Kalia et al. Bulletin of the National Research Centre (2019) 43:109

Page 6 of 13

controls. Horizontal line signifies the mean value
A

5 P70.001 5
€ =0.006___
€ 20,000,
0087  ----o---moo p=0.000
_____ p=0.000
D v N p=0000___
Y g p0.000
.
0.06- . R
@ . ’
O 0.04 .
7] .
. .
o ° .
o ':'::“.' u...'. I ° m
0029 “ - e "
. o
0.00 Ll U 1 : 1
RWWI BV wWC MI HC

Fig. 3 sOSI in different clinical categories of RWI and healthy controls (HC). Dot plot presenting the distribution of sOSI levels in patients and

sTOS and RCBG. No other significant correlations of
confounding parameters were found with sMBL,
sDectin-1, sTAC, and sOSL

Regression

In order to assess the confounding effects of factors,
multiple linear regression analysis was performed. First
model, where one of the serum biomarkers was taken as
dependent variable and the rest other variables were
taken as independent variables (Table 4). It was found
that all these factors were independent significant pre-
dictors of each other in all the categories when serum
oxidative stress markers were taken as dependent vari-
ables. However, all these factors were independent sig-
nificant predictors of sMBL only in controls and of
sDectin-1 in RVVI, VVC, and controls. In the second
model sMBL, sDectin-1, sTAC, sTOS, and sOSI were
the dependent variables and parameters including age,
RCBG, age of initiation of sexual activity, and duration
of infection were taken as independent factors (Table 5).
It was found that all these factors were independent sig-
nificant predictors of sTAC in RVVI, sMBL, and sTAC
in BV as well as MI and sMBL and sDectin-1 in VVC.
However, these factors do not show significant regres-
sion on serum biomarkers in controls.

Discussion

Reactive oxidants have been suggested to be involved in
various defense mechanisms against pathogens, leading
to the state of oxidative stress, with significant biological
consequences (Lugrin et al., 2014). Different studies have

documented high ROS production by neutrophils in re-
sponse to BV-associated bacteria, C. albicans, and T.
vaginalis infection and suggested to play an important
role in maintaining low burden of infection (Li et al,
2012b; de Souza Bonfim-Mendonga P, Ratti BA, Godoy
JD, 2014; Frasson et al., 2012; Svobodova et al.,, 2012;
Johnson et al., 2017). To assess the status of oxidative
stress by studying all oxidants/anti-oxidants parameters
is tedious, time-consuming, and uneconomical. In
addition, it is not relevant to investigate various anti-
oxidants, looking one in isolation from the rest, because
they can have synergistic or antagonistic effects and may
not be the most effective strategy when trying to predict
an individual’s risk of developing disease. For these rea-
sons, recent studies have used measures of TAC, TOS,
and OSI (Erel, 2004; Erel, 2005). These methods can
provide information on an individual’s overall oxidant
and anti-oxidants status and thus investigated in the
present study in relation to risk of RVVI and its types.
Both TAC and TOS were found to be significantly low
in RVVI cases and its types comparative to controls. An
assumption that an increased TOS reflects increased
production of ROS is rather questionable. Most ROS
produced by neutrophils and macrophages either react
with target proteins or are neutralized by anti-oxidants.
A separate evaluation of our results for TOS and TAC,
showed that apparently these cases did not experience
oxidative stress (OS), as the level of both TAC and TOS
was low in cases than controls. Therefore, it is important
to evaluate not only the concentrations of oxidants and
anti-oxidants separately, but also their relationship
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Table 2 Correlation analysis of serum biomarkers in RWI, RWI types, and controls
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SMBL sDectin-1 STAC sTOS sOSI
r p r p r p r p r p

RWI
sMBL - - -0012 0423 -0.136 0.015% 0.015 0408 0.005 0.467
sDectin-1 -0012 0423 - - 0216 0.000%** 0.077 0.109 -0.070 0.132
STAC -0.136 0.015% 0216 0.000%** - - 0.109 0.040* —0498 0.000%**
sTOS 0015 0408 0.077 0.109 0.109 0.04* - - 0.387 0.000%**
sOSI 0.005 0467 —-0.070 0.132 —0498 0.000%** 0.387 0.000%** - -

BV

SMBL - - 0.045 0330 —-0.077 0.227 —-0.009 0467 -0016 0439
sDectin-1 0.045 0330 - - 0218 0.016* —0.004 0485 —-0.050 0312
STAC —-0.077 0.227 0218 0.016* - - 0.145 0.079 —0468 0.000%**
sTOS —0.009 0467 —-0.004 0485 0.145 0.079 - - 0.266 0.004%*
sOSI -0.016 0439 —0.050 0312 — 0468 0.000%** 0.266 0.004** - -

WC
sMBL - - —-0.198 0.062 —0.146 0.129 0.097 0.226 0.103 0212
sDectin-1 -0.198 0.062 - - 0377 0.001%** 0.060 0.322 —0.243 0.029*
STAC —0.146 0.129 0377 0.0071%** - - 0.142 0.136 —0488 0.000%**
sTOS 0.097 0.226 0.060 0322 0.142 0.136 - - 0458 0.000%**
sOSI 0.103 0212 -0.243 0.029% — 0488 0.000%** 0458 0.000%** - -

MI
sMBL - - 0.031 0425 —-0.156 0.166 -0320 0.021* —-0.074 0.324
sDectin-1 0.031 0425 - - 0.242 0.064 0074 0323 -0.023 0.443
STAC —-0.156 0.166 0.242 0.064 - - 0327 0.018* —-0.564 0.000%**
sTOS —-0.320 0.021* 0074 0323 0.327 0.018* - - 0.175 0.136
sOSI —0.074 0324 -0.023 0443 —0.564 0.000%** 0.175 0.136 - -

HC
sSMBL - - —-0.060 0.199 —0.004 0477 0.256 0.000%** 0.194 0.003**
sDectin-1 —0.060 0.199 - - —0.247 0.000%** —0.050 0.241 0.069 0.165
STAC —0.004 0477 —0.247 0.000%** - - -0.124 0.039*% —-0.550 0.000%**
sTOS 0.256 0.000%** —0.050 0.241 -0.124 0.039*% - - 0.586 0.000%**
sOSI 0.194 0.003** 0.069 0.165 —0.550 0.000%** 0.586 0.000%** - -

*p < 0.05, **p < 0.01, ***p < 0.001

through a proportion or ratio, because it is the imbal-
ance between oxidants and anti-oxidants that defines the
concept of OS (Gupta et al., 2016). The first approach
using this ratio was made in human medicine by Sharma
et al. (Sharma et al., 1999). The study proposed the use
of the ratio oxidants/anti-oxidants as an index indicative
of an individual’s risk of developing disease. Thus, an in-
crease in the ratio indicates risk of OS because of the in-
crease in ROS production, while decrease in ratio
represents the increased antioxidant potential, the so-
called anti-oxidative stress (AOS) (Birben et al., 2012;
Poljsak & Milisav, 2012). The term “AOS” was used for
the first time by Dundar and Aslan for the negative ef-
fects of anti-oxidants (Dundar & Aslan, 2000). Thus, in

the present study, oxidative status was studied by a com-
bined evaluation of oxidants and anti-oxidants.
OS], that reflects total oxidant/antioxidant balance, was

found to be significantly low in RVVI and VVC as com-
pared to controls, indicating reduced ROS production as a
possible risk factor for the rapid progression of RVVIL In
consonance to these findings, studies have reported re-
duced concentrations of NO metabolites and iNOS ex-
pression in vaginal fluids of RVVC and TV cases relative
to controls and 7. vaginalis infected asymptomatic
women respectively (Babula et al., 2005; Malla et al., 2004;
Yadav et al., 2006). However, the findings of the present
study are contradictory to a study that found no signifi-
cant difference in ROS concentration in the amniotic fluid
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Table 3 Correlation analysis of serum biomarkers with confounding parameters in RVWI, RWI types, and controls
sMBL sDectin-1 STAC sTOS sOSI
r p r p r p r p r p
RWI
Age —0.006 0460 -0.076 0.112 -0.104 0.048* -0.073 0.122 0.052 0.204
RCBG 0.016 0401 -0062  0.169 -0125  0.023* -0021 0368 0.006 0465
Age of initiation of sexual activity 0.129 0.019* -0.153 0.163 -0.233 0.000%*** -0.097 0.060 0.023 0.354
Duration of infection 0.073 0.121 —0.064 0.139 -0.019 0.379 -0.016 0.399 0.016 0401
BV
Age —-0.002 0491 -0.095 0.178 -0.153 0.067 -0.164 0.054 0.058 0.286
RCBG 0.050 0314 0.196 0.027* -0.124 0.113 -0.108 0.146 -0.079 0.222
Age of initiation of sexual activity ~ 0.280 0.003** -0.187  0.034* -0321 0.001***  —0097 0173 0.129 0.104
Duration of infection -0.047 0323 -0.095 0.178 -0.107 0.149 -0.074 0.237 0.169 0.049%
WC
Age 0.043 0369 -0348  0003*  —-0083 0261 0217 0.045% 0205 0.055
RCBG -0005 0486 -0227  0038* -07146 0128 0212 0.049* 0123 0.170
Age of initiation of sexual activity 0.132 0.154 -0.285 0.012* -0.303 0.008** 0.151 0.121 0.183 0.077
Duration of infection 0357 0.002** -0.105  0.208 0.157 0.112 -0010 0471 -0171 0092
MI
Age 0.005 0459 0.026 0436 -0.132 0.206 —0.247 0.060 0.040 0401
RCBG -0022 0445 -0051 0375 -0208  0.09% -0159  0.160 0.008 0480
Age of initiation of sexual activity 0459 0.001***  0.103 0.261 —-0034 0417 -0354 0012* -0318 0021*
Duration of infection -0.267 0.046* —-0.207 0.097 —0.046 0.388 -0335 0.016* 0.024 0441
HC
Age -0.090 0.101 0.045 0.263 0.044 0.265 -0.032 0.323 -0.093 0.094
RCBG —0.054 0.221 —0.071 0.157 -0.022 0378 0.158 0.012% 0.051 0.236
Age of initiation of sexual activity ~ 0.014 0421 0.026 0.354 0.036 0.307 0.027 0.353 -0005 0473

*p < 0.05, **p < 0.01, ***p < 0.001

of women with and without BV (Bogavac et al., 2012) and
to the study where significantly high concentration of
ROS was found in the vaginal discharge of BV patients,
relative to healthy women depicting their active role in
defense mechanism (Chen et al., 2015). However, all these
studies do not represent the total status of oxidants or
anti-oxidants in serum of patients, since these studies
were focused on one or two oxidants or anti-oxidants and
thus, showed changes only in few oxidative markers, that
too in different biological fluids, i.e., vaginal discharge and
amniotic fluid. To date, there are no studies that showed
an association of TAC, TOS, and OSI in RVVI and its
types in serum or in any other biological fluids. Also, cor-
relation and regression analysis showed an obvious and
expected relationship between different parameters of oxi-
dative stress in the present study, i.e., positive association
between pairs including TAC/TOS and TOS/OSI while
negative association between TAC/OSI (Birben et al,
2012; Reiter, 1995; Halliwell, 1996).

The reduced ROS production observed in cases of the
present study is may be due to defective inflammatory

response. This is because both OS and different inflam-
matory stages stimulate each other as a part of defense
mechanism for the ultimate killing of pathogens by ef-
fectors cells (Lugrin et al., 2014; Pacher et al,, 2007). In
fact, both MBL and Dectin-1, the two important PRRs,
have been shown to mediate the release of ROS as a part
of immune responses generated against pathogens
(Underhill et al., 2005; Lima-Junior et al, 2017;
Hartshorn et al., 1993; Kawasaki et al., 2000; Gantner et
al., 2003; Gadjeva et al.,, 2004). Additionally, a study has
shown, increased intracellular expression of Dectin-1
and consequent ROS production as a result of MBL-
arbitrated opsonophagocytosis of pathogens, showing
the coupling between two CLRs for optimal ROS gener-
ation in response to pathogens (Li et al., 2012b). How-
ever, in the present study, low levels of both sMBL and
oxidative stress biomarkers, while high levels of sDectin-
1 were observed in RVVI and its types relative to con-
trols, suggesting the defective collaboration between
these PRRs for optimal ROS production, perhaps due to
low sMBL levels. Also, significant but unexpected weak
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Table 4 Multiple linear regression analysis of serum biomarkers in RWI, RWI types and controls

MLR equations B-regression coefficients r F p
By p B> p Bs p Ba p
RWI
SMBL = 953.8 + 52.39Xpec—290.95X7ac 0.018 0.772 —-0218 0.006**  0.090 0217 -0.137 0.101 0173 1954 0.102
+ 6.24Xr0s — 314.89X0g)
sDectin-1 = 0.315 + 0.0063XL 0018 0772 0227 0.004** 0041 0.566 0.027 0.744 0224 332 0.010%*
+ 0.095X14c+0.001X;05+0.219X0g)
STAC = 0.725+0.000Xp+0.343Xpec —-0.136  0.006%* 0.145 0.004** 0340 0.000%**  —0619 0.000%** 0629 4132  0.000%**
+ 0.020X0s—11.89X0s)
STOS = 1.940+0.001Xp+1.293Xpec 0.067 0217 0.032 0.566 0406 0.000%** 0592 0.000%** 0526 2423  0.000%**
+7.012X7ac+196.095s
sOSI = 0.032-0.003Xjp +0.002Xpec —-0077 0.101 0.016 0.144 —0.561  0.000%** 0449 0.000%** 0672 5212  0.000%**
—0.029XrAc+0.001 X105
BV
SMBL = 808.15 + 180.75Xpec — 153.73X7ac 0.071 0.506 -0.137 0282 0.034 0.763 -0.086 0.502 0122 0346 0.846
+ 2141 X105—1854.2X o5
sDectin-1 = 0.263 + 0.026Xyg. + 0.123X7ac 0.068 0.506 0.280 0.023* —-0070 0527 0.100 0422 0243 1445 0225
—0.002Xros + 0.851X0g
STAC = 0.639 — 0.081Xs. + 0.445Xpec -0.092 0.282 0.196 0.023* 0.287 0.002**  —0.535 0.000%** 0584 11924 0.000%**
+ 0.016X70s—10.351 X0
STOS = 5.283 + 0.000Xjg. — 2.537Xpec 0.029 0.763 -0062 0527 0363 0.002%* 0433 0.000%** 0409 4625  0.002%*
+6.512Xrac + 150.14X0g)
sOSI = 0.033-0.0026Xp. + 0.008Xpec —-0057 0502 0.070 0422 —0.537  0.000%** 0343 0.000%** (0583 11.82  0.000%**
—0.028Xrac + 0.001 X705
WC
SMBL = 786.07—425.19Xpec—121.667X7ac -0173 0218 —-0.147 039% 0.169 0.307 —-0088 0638 0251 0960 0437
+ 1041 X705—1782.2X o)
sDectin-1 = 0.368—0.062X5.+0.092X1ac -0.153 0218 0273 0.090 0.100 0520 —0.140 0426 0416 2983  0.026*
+ 0.003X0s—1.151X0g)
STAC = 0676 + 0.000Xjg. + 0.539Xpec —-0087 0394 —-0.181 0.090 0428 0.000%**  —0631 0000%** 0671 1166  0.000%**
+ 0.032X705—1546X05
STOS = — 0416 + 0.002Xyp. + 2.898Xpec 0.108 0307 0.073 0.520 0.469 0.000***  0.693 0.000*** 0631 9447 0.000%**
+ 6.268Xac + 227.099X05)
sOSI = 0.028—-0.0021Xp—0.010Xpec —-0044 0638 —0080 0426 —0.542  0.000%** 0544 0.000%** 0727 1595  0.000%**
—0.022X7ac + 0.002Xr0s
M
SMBL = 1101.84 + 294.18Xpec— 0.085 0.606 —-0.159 0497 -0254 0.184 -0.117 0593 0342 1195 0330
164.99X1c—18.93X105—1980.7 X0
sDectin-1 = 0.239 + 0.0254XpL 0.088 0.606 0406 0.082 —-0071 0719 0.225 0308 0301 0898 0476
+ 0.122X74c=0.002%05 + 1.105X0s)
STAC = 0.449-0.078XyzL + 0.668Xpec -0.081 0497 0.201 0.082 0.398 0.002**  —0636 0.000%** 0742 11.01 0.000%**
+ 0.029X0s—10.389X0s
STOS = 6.754—0.003Xp.—2.384Xpec -0191 0184 -0052 0719 0.588 0.002%* 0492 0.006** 0580 4.55 0.004**
+ 8.172Xrac+111.79%0s)
SOSI = 0.034-0.004Xyp +0.026Xpec—0.045X1pc+0.002X70s  —0.539  0.593 1.034 0.308 —5.595  0.000%** 2893 0.006** 0695 8387  0.000%**
HC
SMBL = 847.39-326.7Xpec + 112.62X7ac —-0039 0582 0.082 0351 0.181 0.035* 0.132 0.209 0275 405 0.004**
+ 12.81Xr0s + 4266.3X0s)
sDectin-1 = 0.233—0.0046X 5. —0.046X1ac -0.039 0582 —0282 0.001*** —0043 0631 -0.054 0610 0266 3.750 0.006%*
+ 0.000X705—0.208X g
STAC = 1.284 + 0.039%Xp.—1.116Xpec 0.053 0351 —0.182 0.001*** 0266 0.000%**  —0.704 0.000*** 0632 3288  0.000%**
+ 0.013X0s—16.5%0y
STOS = 4.316 + 0.002Xyg.—3.321 Xpec 0.119 0035* —-0.027 0631 0.259 0.000%**  0.707 0.000*** 0644 34.99 0.000%**
+ 5.183X7ac + 333.820X0s
sOSI = 0.026 + 0.018X5—0.006Xpec 0.060 0209 —-0024 0610 —0493  0.000 0.508 0.000%** 0761 6809  0.000%**

—0.021X7ac + 0.001Xr0s

Xmer = SMBL (ng/ml), Xpec = sDectin-1 (ng/ml), Xrac = TAC (mmol Trolox Equiv/L), Xros = TOS (umol H,0, Equiv/L), Xos = OSI (arbitrary unit); beta regression
coefficients:B,, B2, B3, Ba respectively based on X variables given in MLR equations; r = multiple correlation coefficient; *, **, and *** indicate significant at p <
0.05, p < 0.01, and p < 0.001 respectively
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Table 5 Multiple linear regression analysis showing the effect of confounding parameters on serum biomarkers in RWI, RWI types,
and controls

MLR equations B-regression coefficients r F p
B p B> p Bs p Ba p

RWI
SMBL = 421.126-2.500 X; + 0.014 X5 + —0.039 0541 0.001 0.981 0.135 0.034* 0.018 0217 0.153 1515 0.198
19.33X5+9.688X,
sDectin-1 = 0.6104+0.000 X;+0.000 X —-0039 0540 —-0035 0585 —0.142 0.025*% —0.055 0380 0174 1981 0.098
~0.007X5-0.002X,
STAC = 1.445-0.003X; + 0.000 X, —0053 0400 —0090 0148 —0214 0001*** —0005 0.940 0258 4526 0.002%*
~0.026X; + 0.00X,
sTOS = 19.13-0.053 X;-0.084 X, -0057 0375 0.000 0994 —-0.088 0.169 —0.008 0.906 0113 0824 0511
~0.181 X;~0.013 X,
sOSI = 0.022 + 0.000 X;—0.0029 X, 0.049 0454 —-0005 0935 0016 0.802 0.009 0.885 0005 0.191 0943
+ 0.096 X3 + 0.0495X,

BV
SMBL = —141.73-2.692 X; + 1.715 X5 —-0051 0622 0076 0452 0323 0.003**  —0.128 0.229 0317 2562 0.044*
+3878X;—-1587X,
sDectin-1 = 0.357-0.001 X; + 0.002 -0062 0552 0215 0.037*¥ —-0.153 0.147 —-0.731 0467 0290 2112 0.086
X>-0.007X3-0.004X,
STAC = 1.727-0.004X,-0.002 X,—0.033X5 —-0075 0465 —0.118 0238 —0306 0.004** 0.007 0.950 0352 3247 0015%
+0001X,
STOS = 23.349-0.117X,-0.034X,—0.122 —-0.139 0198 —-0093 0371 —-0.063 0556 —-0.009 0935 0.199 0952 0438
X5-0018 X,
sOSI = 0.028 + 0.0241X; + 0.000 X5 + 0.010 0926 —-0.107 0305 0.086 0423 0.163 0.135 0218 1.152 0337
0.000 X3 + 0.000 X,

WC
SMBL = — 14.863 +2.938 X;—0.881 X>+23.468X5+39.35X, 0.053 0676 —0091 0484 0204 0.109 0393 0.002** 0412 0291 0.029*
sDectin-1 = 0.944—-0.007 X;+0.000 -0311 0013* —-0077 0541 —0.272 0.029*% —-0.134 0.264 0466 3.950 0.007**
X>-0.013X3-0.005X,
STAC = 1.797-0.003X;,-0.001 —-0046 0721 —-0089 0504 —0264 0045*% 0.126 0322 0342 1885 0.126
X>—-0.037X3 + 0.015X,
sTOS = 1410 + 0.156 X; + 0.023 X, 0.172 0196  0.143 0293 0112 0.399 —-0.007 0960 0291 1320 0274
+ 0209 X5-0011 X,
sOSI = —0.007 + 0.001 X; + 0.027 X 0.184 0166 0057 0.671 0.139 0.291 -0.158 0222 0312 1533 0.205
+ 0.001 X3+0.000 X,

M
SMBL = —894.80 + 0.254 X;—0.013 X5 0.003 0987 —0002 0992 0422 0.007**  —0.181 0.233 0492 2880 0.036*
+ 85.56X3-21.53X,
sDectin-1 = 0.27440.002 X; + 0.000 X5 0.070 0699 —-0062 0.733 0059 0.726 —-0.197 0247 0228 0493 0.741
+ 0.003X;-0.007X,
STAC = 1.117-0.004X,-0.001 X,—0.008X3 -0047 079% -0185 0313 -0039 0814 —-0031 0856 0218 0047 0774
+ 0.004X,
sTOS = 35.73-0.296 X;—0.010 X,—0.760 X3 —-0224 0166 —-009 0548 —0280 0.062 031 0.040* 0523 3391 0019*
+ 0496 X,
sOSI = 0.105 + 0.000 X;-0.098 X>-0.004 X3 0.071 0686 —0021 0904 —-0332 0.047* -0.049 0765 0327 1.078 0382
+ 0.000 X4

HC
SMBL = 1885.16-9.76 X;—4.422 X5 + 6.967X3 —-0099 0166 —0065 0362 0036 0.619 - - 0114 0870 0458
sDectin-1 = 0.204 + 0.000 X; + 0.000 X>+0.001X3 0.036 0618 —0072 0071 0.030 0.026* - - 0.087 0504 0680
STAC = 0.847 + 0.003X;—0.001 X5 + 0.005X3 0.038 059 —-0023 0743 0033 0.646 - - 0058 0225 0879
STOS = 5.048-0.034 X; + 0.154 X, + 0.032 X5 —-0024 0738 0.155 0.030* 0.011 0.876 - - 0.160 1737 0.161
sOSI = 0.029 + 0.000 X; + 0.093 X5 + 0.0134X3 —0.090 0208 0.044 0.533 0.002 0.975 - - 0.103 0714 0.545

X; = age (years), X, = RCBG (mg/dl), X3 = age of initiation of sexual activity (years), X; = duration of infection (years); beta regression coefficients: 87 =
age, B2 = RCBG, B3 = age of initiation of sexual activity, B, = duration of infection; r = multiple correlation coefficient; *, **, and *** indicate significant at
p <0.05, p <0.01, and p < 0.001 respectively
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correlations and regression pattern were observed be-
tween different measures of OS and two PRRs of the
present study, suggesting the probable contribution of
other host genes, defect in which may collectively be
conferring risk of RVVL The other reason for low OS
observed in cases or unexpected correlation pattern
might be the evasion strategies employed by pathogens.
As for instance, Candida has strategies to neutralize and
evade the oxidative stress by expressing superoxide dis-
mutase (SODs) and other antioxidant enzymes on the
cell surface. These extracellular SODs also have vital role
in the detoxification of superoxide radicals generated by
phagocytes; and hence prevent massive ROS accumula-
tion (Frohner et al, 2009; Wellington et al., 2009). In
addition, C. albicans catalase and vacuole (fungal organ-
elle) formation has been suggested to counteract the oxi-
dative stress (Palmer et al., 2005; Palmer, 2011). Also,
co-culturing of macrophages with C. albicans cells lack-
ing Sod4 and Sod5 has shown to lead to massive extra-
cellular ROS accumulation in vitro (Frohner et al., 2009)
. Thus, the analysis of the present study suggested re-
duced sMBL and oxidative stress measures along with
high sDectin-1 levels, as a potential disease specifier for
RVVI and its types.

Moreover, sSTAC was found to be negatively correlated
with age and age of initiation of sexual activity in RVV],
BV, and VVC cases. Further indicating that, increase in
age and age of initiation of sexual activity cause decrease
in antioxidant strength in these cases. Also, TOS was
found to be increased with age in VVC and decreased
with age of initiation of sexual activity in MI. This find-
ing of the present study is in agreement with the study
that suggested increase in oxidative stress is age-related
(Rowinski et al, 2013) and in contrast to the study
where with increase in age, TOS, and TAC level de-
creased (Aslan et al, 2014). Further, different studies
have evaluated the production of catalase, peroxide oxi-
dase, tocopherol, some antioxidant vitamins, lipid perox-
idation, protein, and DNA oxidation and found
contradictory associations of these factors with age
(Finkel & Holbrook, 2000; Tanabe et al., 2002; Mutlu-
Turkoglu et al, 2003; Huang & Appel, 2003). In
addition, a study showed no significant correlation of
TAC with age of women (Kostka et al., 1998). Thus,
there are no consistent perspectives about age-
associated change in antioxidant capacity, which may
perhaps be due to the use of different measurement
methods by different studies. Furthermore, sOSI was
found to be significantly increased with duration of in-
fection in BV, suggesting the constant generation of
ROS, as a part of controlled inflammatory reaction
against infections. Furthermore, in the present study,
sMBL was found to be positively correlated with age of
initiation of sexual activity in RVVI and its types, while
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sDectin-1 showed negative significant correlation with
the same in BV and VVC. Also the contradictory associ-
ation of sDectin-1 was found with RCBG in BV and
VVC. No significant correlation between sMBL and
sDectin-1 was found with age. However, previous studies
have showed negative correlation of sMBL with age that
noticeably decreases after 40 years of age in healthy indi-
viduals, while no such association of sDectin-1 is re-
ported till date (Ip et al., 2004; Vasconcelos & Fonseca,
2011). To further complement these findings, the regres-
sion analysis also suggested the dependency of all the
studied serum biomarkers on variables, ie., age, RCBG,
age of initiation of sexual activity, and duration of infec-
tion. This further suggests the importance to take into
account the dependency of serum biomarkers on ex-
ogenous factors before considering these parameters as
potential risk markers of RVVL

Conclusion

In conclusion, both inflammation and oxidative stress
stimulate each other and act together in providing
defense against RVVI. Both processes are in such a tight
link, that defect in one may lead to defect in other, con-
tributing to the pathogenesis of RVVI. Therefore, recog-
nition and treatment of primary anomaly is of great
clinical importance to restore host homeostasis. As for
instance, the primary source of defect identified in the
present study is MBL, whose low expression leads to the
defective collaboration between two studied PRRs
further leading to defective ROS production with no ob-
served protective oxidative stress, increasing susceptibil-
ity to RVVL Therefore, substituting the required MBL in
representative sample of Indian population may restore
host homeostasis and provide recovery from RVVI, sug-
gesting the recombinant MBL therapy as a novel thera-
peutic approach for RVVI (Keizer et al., 2014). However,
before considering these parameters as potential risk
markers of RVVI, information regarding their depend-
ency on system factors is necessary. Such studies in lar-
ger datasets are needed to validate the medicinal
possibilities of MBL for RV VI in different populations.
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