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Abstract

Objective:To clarify the epidemiological characteristics, risk factors, clinical symptoms and signs, laboratory features, and

pregnancy outcomes of women with mixed vaginitis during late pregnancy. Methods:The study population consisted of 1103

women in late pregnancy who attended the Tianjin Medical University General Hospital from November 2019 to September

2020. Results:The incidence rate of mixed vaginitis during late pregnancy is 4.1% (44/1075). The independent risk factors for

women with mixed vaginitis in late pregnancy are a positive glucose tolerance test (OR = 2.697, 95% CI 1.293-5.625) and a

history of vaginitis during pregnancy (OR = 2.276, 95% CI 1.030-5.032). Compared with women with single vaginitis, women

with mixed vaginitis only have statistically significant differences in the yellow discharge (77.3% vs. 58.9%) and malodor (40.9%

vs. 22.7%) (P¡0.05), so they are easily confused with single vaginitis in clinical symptoms and signs. Compared with women

with single vaginitis, women with mixed vaginitis have a significant difference in pH¿4.5 (72.7% vs. 36.2%) and WBC¿10/hpf

(81.8% vs. 38%) in laboratory examination(P¡0.05). Therefore, laboratory diagnosis is the main method to distinguish single

and mixed vaginitis. Compared with women without vaginitis, women with mixed vaginitis have an increased incidence of

postpartum puerperal infections (6.8% vs. 1%; P¡0.05). Conclusions:Mixed vaginitis in late pregnancy leads to an increased

incidence of puerperal infections. Therefore, more attention should be paid to the early intervention of mixed vaginitis during

pregnancy to prevent adverse pregnancy outcomes.

Introduction

Vaginitis is the most common infectious disease of female genital tract during childbearing age. Common
vaginal infections mainly include BV (Bacterial Vaginosis), AV (Aerobic Vaginitis), VVC (Vulvovaginal
Candidiasis), and TV (Trichomoniasis)(1). Mixed vaginitis refers to the infection of two or more pathogens
in the vagina at the same time (2). Common mixed vaginitis mainly includes BV+VVC, BV+AV, AV+VVC,
TV+AV, TV+BV, TV+VVC, etc. Existing studies have shown that the prevalence of mixed infections during
pregnancy is 6.5%-13.2%(3-5), which is higher than that of 2.4%-6.4% in non-pregnant women(6, 7).Low
income, low education level, previous vaginal infections, poor personal hygiene, history of antibiotic use, and
external hemorrhoids are known risk factors for BV, VVC and AV during pregnancy, but no studies have
analyzed the risk factors of pregnant women with mixed vaginitis(5, 8). It is known that single vaginitis during
pregnancy, such as AV, BV, and VVC, is associated with the increase in the incidence of PROM (premature
rupture of membranes), premature delivery, etc(1, 5). The effect of mixed vaginitis on pregnancy outcome
still needs further research. Whether the symptoms, signs and laboratory features of women with mixed
vaginitis during late pregnancy are also confused with single vaginitis remains to be studied. Therefore,
this study analyzed the mixed vaginitis in late pregnancy to summarize the epidemiological characteristics,
risk factors, clinical symptoms and signs, laboratory characteristics, and their impact on adverse pregnancy
outcomes in women with mixed vaginitis in the third trimester, so as to provide suggestions for clinical
diagnosis and treatment.
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. Methods

Subjects

We conducted a cross-sectional study on pregnant women in late pregnancy who had their first visit to
the Department of Obstetrics and Gynecology, Tianjin Medical University General Hospital from November
2019 to July 2020. Inclusion criteria: 18-45 years old, intrauterine pregnancy, and intact fetal membrane.
Exclusion criteria: unexplained vaginal bleeding; placenta previa; cervical cerclage; subjective induction of
labor and abortion; antibiotic treatment within 4 weeks; sexual intercourse or use of vaginal medication within
3 days; mental or intellectual abnormalities or unable to answer related questions; incomplete questionnaire
information; vulvar skin diseases, etc. The pregnant women were informed of the purpose of the study and
all patients were included in the study after informed consent.

Questionnaire

The content of the questionnaire was asked by a professionally trained clinician. Each pregnant woman had
a unique medical record number and the basic information, past medical history, symptoms of genital tract
infection, signs of genital tract infection, fertile history, personal hygiene habits, and sexual experience were
recorded through the questionnaire. Correction of gestational age based on ultrasound of first appearance
of fetal heart and buds or last menstrual period.

Vaginal examination, sampling and laboratory examination

A professionally trained clinician will perform vaginal examination and collect vaginal secretions for pregnant
women under bladder stones gesture and record the reproductive tract signs after physical examination in the
questionnaire immediately. The doctor used a non-lubricated sterile speculum and a sterile long cotton swab
to collect 3 swabs of vaginal secretions on the upper vaginal wall or posterior fornix. The secretions were
immediately transferred to the laboratory for pH test, normal saline wet film phase contrast microscope
(Olympus, Japan) (400×) examination and Gram stain smear microscope (1000×) examination for the
diagnosis of AV, BV, VVC, and TV. Blind laboratory examinations were performed by two experienced and
trained laboratory technicians, who did not know the clinical data.

Diagnosis criteria

The diagnosis of BV is based on the Nugent score. Under the microscope (1000×), a quantitative score
was made according to the number of the large Gram-staining positive bacilli, small Gram-staining variable
bacilli, and Gram-stained variable curved bacilli, and the 7-10 score was divided into BV. Take the average
of 10 high magnification fields under the microscope to score. The diagnostic criteria of AV referred to
Donder’s score(9). A quantitative score was made according to the proportion of lactobacilli, the number of
white blood cells, the number of toxic white blood cells, the type of background bacteria, and the number of
parabasal epithelial cells under the wet film microscope. The score [?]3 was divided into AV. The diagnosis
of VVC is based on the hyphae and spore seen on the wet film and gram staining smear under microscope.
TV diagnosis relies on normal saline wet film to see activeTrichomonas vaginalis .

All pregnant women are aware of the vaginal discharge examination results and treated with AV, BV, TV,
and VVC in accordance with the latest international guidelines and provided with health guidance and
follow-up visits before delivery after treatment(1, 10).

Study group assignment

Grouping: The women were grouped according to different types of vaginitis (AV group, BV group, VVC
group, TV group, VVC+AV group, VVC+BV group, AV+BV group, and AV+TV group) and normal
women without vaginitis (Normal group). Among them, we totaled AV, BV, VVC, and TV groups into single
vaginitis group and totaled VVC+AV, VVC+BV, AV+BV, and AV+TV groups into mixed vaginitis group.
And we compared the demographic characteristics, risk factors, clinical symptoms and signs, laboratory
characteristics, and pregnancy outcomes of mixed vaginitis group with single vaginitis group and normal
group.
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. Pregnancy outcomes

Follow up the outcome of each pregnant woman’s delivery. Preterm birth refers to the gestational age <37
weeks. Low birth weight refers to the birth weight of newborns <2500g regardless of gestational age. PROM
refers to the rupture of the membranes before delivery. Neonatal asphyxia refers to: 1) there are risk factors
for neonatal asphyxia; 2) Apgar score [?] 7 at 1 or 5 minutes after birth; 3) umbilical artery blood gas
parameter pH <7.15; 4) exclude other causes of low Apgar score (11). Neonatal infection is defined as a
laboratory-diagnosed bacterial infection (positive blood, cerebrospinal fluid, or urine culture) and/or the
presence of clinical signs of infection (pneumonia, fever, hypothermia, or respiratory distress, etc.)(12).
Stillbirth means that the fetus has no signs of life after birth at 28 weeks and later. Meconium-stained
amniotic fluid (MSAF) means that amniotic fluid is contaminated with meconium and presents different
colors, such as: lightly stained yellow, greenish color or dark green(13). Puerperal infection refers to infection
of the genital tract during delivery and puerperium, causing local and systemic inflammatory, affecting
postpartum recovery and even newborn feeding(14). Neonatal Intensive Care Unit (NICU) admission refers
to the transfer of newborns to NICU after birth.

Statistical methods

SPSS 24.0 software was used for data processing and statistical analysis. Continuous variables were expressed
as mean +- standard deviation. Categorical variables are represented by the Chi-square test. Dichotomous
logistic regression was used to find the risk factors for mixed vaginitis, AV+BV, VVC+AV, and VVC+BV
groups. P ¡0.05 is considered statistically significant.

Results

Prevalence of vaginitis

A total of 1103 women were enrolled in the study, and 1075 women were finally enrolled according to the
completeness of pregnancy outcome. Among 1075 women in the third trimester of pregnancy, 868 (80.7%)
women were normal without vaginitis, and 207 (19.3%) women had vaginitis, including 163 (15.2%) women
with single vaginitis and 44 (4.1%) women with mixed vaginitis. In women with single vaginitis, there
were 88 (8.2%) women with single VVC, 42 (3.9%) women with single BV, 31(2.9%) women with single
AV, and 2(0.2%) women with single TV. Among women with mixed vaginitis, there were 20 (1.9%) women
with AV+BV, 11 (1%) women with VVC+BV, 12(1.1%) women with VVC+AV, and 1(0.1%) woman with
AV+TV(Table S1).

Characteristics of patients with mixed vaginitis

Compared with women in normal group and women in corresponding single vaginitis group, women in
AV+BV group, VVC+BV group, VVC+AV group, and total mixed vaginitis group have no significant
differences in age, educational level, gravidity, parity, and number of sexual partners (P ¿0.05)(Table 1).

The positive rate of glucose tolerance test (25% vs. 11.5%) and the incidence of vaginitis history during
pregnancy (25% vs. 10.1%) in women of mixed vaginitis group was higher than that in women of normal
group(P ¡0.05).

The positive rate of glucose tolerance test (45.5% vs. 11.5%), incidence of vaginitis history during pregnancy
(45.5% vs.10.1%), and incidence of intercourse during pregnancy (72.7%vs. 35%) in women of VVC+BV
group was higher than that in women of normal group(P ¡0.05). The positive rate of glucose tolerance test
in women of VVC+BV group was higher than that in women of BV group (45.5% vs. 9.5%; P ¡0.05). The
incidence of intercourse during pregnancy in women of VVC+BV group was higher than that in women of
VVC group (72.7% vs. 33%; P ¡0.05).

The history of reproductive tract infection before pregnancy in women of VVC+AV group was higher than
that in women of VVC group (75% vs.31.8%), AV group (75% vs. 29%) and normal group (75%vs. 24.5%)
(P ¡0.05).
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. Risk factors of women with mixed vaginitis

Taking the women with normal group as a control, the positive glucose tolerance test during pregnancy (OR
= 2.697, 95% CI 1.293-5.625) and a history of vaginitis during pregnancy (OR = 2.276, 95% CI 1.030-5.032)
are independent risk factors leading to women suffering mixed vaginitis in late pregnancy (Table 2).

Positive glucose tolerance test during pregnancy (OR = 7.213, 95% CI 2.052-25.357), history of vaginitis
during pregnancy (OR = 6.384, 95% CI 1.843-22.118), and intercourse during pregnancy (OR = 5.047,
95% CI 1.277-19.948) are independent risk factors that lead to women suffering VVC+BV vaginitis in late
pregnancy.

Clinical symptoms and signs of women with mixed vaginitis

Compared with women in normal group, women in mixed vaginitis group, AV+BV group, VVC+BV group
and VVC+AV group showed significant differences in symptoms and signs (P ¡0.05) (Table 3). There are
some differences in symptoms and signs between mixed vaginitis and corresponding single vaginitis.

Compared with patients in single vaginitis group, patients in mixed vaginitis group had obvious signs of
yellow discharge (77.3% vs.58.9%) and malodor (40.9% vs. 22.7%) (P ¡0.05). Compared with women in
BV group, women in AV+BV group had obvious signs of yellow (65% vs. 33.3%) and thick discharge (35%
vs.4.8%) (P ¡0.05). Compared with women with BV, women with VVC+BV vaginitis had obvious symptoms
and signs of genital itching (72.7%vs. 19%), vaginal erythema (63.6% vs. 26.2%), yellow (81.8% vs. 33.3%),
and thick discharge (45.5% vs.4.8%) (P ¡0.05). Compared with women with VVC, the symptoms and signs of
genital burning (25% vs. 6.8%), vaginal erythema (91.7% vs. 53.4%) and yellow discharge (100% vs.64.8%)
in patients with VVC+AV vaginitis are obvious (P ¡0.05). Compared with women with AV, the symptoms
and signs of genital itching (75% vs. 6.5%), genital burning (25% vs. 0%), redness and edema vulva (50% vs.
16.1%) and vaginal erythema (91.7%vs. 38.7%) in patients with VVC+AV vaginitis are obvious (P ¡0.05).

It is not possible to distinguish single vaginitis from mixed vaginitis only from the symptoms and signs.
Although there is a certain difference in symptoms and signs between the two, it is not sufficient as a specific
indicator to distinguish the two. Such as yellow discharge or vaginal erythema is not unique to a certain
vaginitis.

Laboratory characteristics of women with mixed vaginitis

Compared with women without vaginitis and women with single vaginitis, women with mixed vaginitis had
a higher incidence of pH>4.5(72.7% vs. 6.9% and 72.7% vs.36.2%) and WBC>10/hpf (81.8% vs. 26.2% and
81.8%vs. 38%) (P ¡0.05) (Table 3).

Compared respectively with women in BV and normal groups, women in AV+BV group had a higher
incidence of pH>4.5(90% vs.57.1% and 90% vs. 6.9%) and WBC>10/hpf (100%vs. 4.8% and 100% vs.
26.2%) (P ¡0.05). Compared with women in normal group and VVC group, women in VVC+BV vaginitis
group had a higher incidence of pH>4.5(54.5% vs.6.9% and 54.5% vs. 13.6%) (P ¡0.05). Compared with
patients with BV vaginitis, patients with VVC+BV vaginitis had a higher incidence of WBC>10/hpf (27.3%
vs. 4.8%) (P ¡0.05). Compared with women in VVC and normal groups respectively, the incidence of
pH>4.5(58.3% vs.13.6% and 58.3% vs. 6.9%) and WBC>10/hpf (100%vs. 35.2% and 100% vs. 26.2%) of
women in VVC+AV group was higher (P ¡0.05).

Pregnancy outcomes of women with mixed vaginitis

Puerperal infection is the main adverse outcome of women with mixed vaginitis. Compared with women
without vaginitis (6.8% vs.1.0%) and single vaginitis (6.8% vs. 1.2%), the incidence of puerperal infection in
women with mixed vaginitis was higher (P ¡0.05) (Table 4). Compared with women in VVC group (16.7%vs.
0%; P ¡0.05), AV group (16.7% vs. 3.2%,P ¿0.05) or normal group (16.7% vs. 1%; P ¡0.05), the incidence of
puerperal infection of women in VVC+AV group increased, and which was more significant between women
with VVC+AV and women with VVC and between women with VVC+AV and women in normal group.
Compared with women in AV group (5% vs. 3.2%), BV group (5% vs. 2.4%) or normal group (5% vs.
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. 1%), the incidence of puerperal infection of women in AV+BV group increased, but the differences was not
statistically significant (P >0.05).

Mixed vaginitis may also lead to other adverse outcomes. Compared with women with single vaginitis, the
incidence of MSAF (22.7% vs.9.2%; P ¡0.05) in patients with mixed vaginitis increased. Compared with
women in VVC group, the incidence of PROM (33.3%vs. 9.1%; P ¡0.05) in women in VVC+AV group
increased. Compared with patients in BV group, the incidence of NICU admission in patients in VVC+BV
group was higher (36.4% vs. 9.5%;P ¡0.05).

Discussion

Main Findings

Pregnancy are known to be the main risk factors for Candida albicans infection (15). In vitro experi-
ments confirmed that estrogen-pretreated mice with the same concentration of progesterone(10-6M) in late
pregnancy could strongly inhibit the anti-Candida activity of neutrophils, which led to an increase in the
susceptibility of pregnant women to VVC(16). A study on the vagina of castrated rats showed that compared
with rats not treated with estrogen, the vaginal microflora was more diverse in rats treated with estrogen
and colonized with vaginal yeast(17), indicating that hormone status was involved in the characteristics of
vaginal flora under Candida infection, which may also be the cause of mixed fungal and bacterial infection.

Diabetes is known to be the main risk factor for C.albicansinfection(15, 18). In 2018, Xinhong et al. (19)
compared 186 gestational diabetes (GDM) patients with 200 healthy pregnant women and found that GDM
not only increase the incidence of VVC, but also increase the incidence of BV+VVC mixed infection. Our
study found that a positive glucose tolerance test during pregnancy is a risk factor leading to mixed VVC+BV
infection, which is consistent with the above studies. However, another study did not find a difference in
the incidence of BV and VVC between the diabetes group and the control group(20). Perhaps this study
analyzed the difference in vaginitis during the first trimester.

In 2007, Britton et al.(20) studied the risk factors of BV in pregnancy and found that sexual intercourse
during early pregnancy was associated with an increased risk of BV in the second trimester. Our research
showed that sexual intercourse during pregnancy is a risk factor leading to VVC+BV in late pregnancy,
which may be related to the fact that sexual intercourse itself has a greater interference effect on normal
vaginal flora(21). Immunity during pregnancy is lower than during non-pregnancy, and the ability to recover
the normal flora after sexual intercourse is reduced, which leads to the occurrence of mixed vaginitis.

Patients with mixed vaginitis have complex genital symptoms and signs(22). Our team previously analyzed
the clinical symptoms, signs and laboratory characteristics of patients with AV mixed vaginitis(22). Similar
to this research, our research found that patients with VVC+AV often had genital itching. Furthermore,
our research also found that compared with patients with AV, the genital burning, redness and edema vulva
and vaginal erythema were more obvious in patients with VVC+AV; compared with patients with VVC,
the genital burning, vaginal erythema, and yellow discharge in patients with VVC+AV were more obvious;
and compared with patients with VVC, pH > 4.5 and WBC > 10/hpf were significantly higher in patients
with VVC+AV. Similar to this research, our research also found that compared with patients with BV,
yellow vaginal discharge in patients with AV+BV was more significant. However, our literature also found
that compared with patients with BV, pH > 4.5 and WBC > 10/hpf were significantly higher in patients
with AV+BV. Therefore, our research believes that mixed vaginitis has complex symptoms and signs, which
is difficult to distinguish from the corresponding single vaginitis, and laboratory examination is the most
effective method to distinguish mixed vaginitis from single vaginitis.

Mixed vaginitis is associated with adverse pregnancy outcomes . In 2018, Cha Han et al.(5)
studied the pregnancy outcomes of pregnant women with AV and found that AV was associated with a high
incidence of PROM. Our research found that the incidence of PROM increases in patients with VVC+AV
compared with patients with VVC, which may be caused by AV. In 2016, Dingens et al.(23) studied the
relationship between BV and adverse pregnancy outcomes in 12340 matched pregnant women and their
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. newborns in Washington State. This research found that the incidence of neonatal ICU admission of BV-
positive pregnant women increased. Our research finds that compared with patients with BV, the incidence
of NICU admission is higher in patients with VVC+BV, which may be related to the increased incidence of
NICU admission caused by VVC mixed vaginitis in the case of BV. Abnormal vaginal flora during pregnancy
is associated with puerperal infection(19). In 2019, Wei Dai et al. (24)conducted a research on 380 women
in late pregnancy and found that the puerperium infection was related to the colonization of Group B
streptococcus (GBS) (AV pathogen) during pregnancy. Similar to our study, the VVC+AV mixed infection
has an increased incidence of puerperal infection compared with the VVC group and the normal group, which
may be related to AV. Analysis of the reason may be related to intrauterine infection caused by ascending
infection of lower genital tract, activating intrauterine inflammation pathways, further causing puerperal
infections(25-27).

Strengths and Limitations

However, there are still some problems in this study. For example, only the characteristics of women with
mixed vaginitis in late pregnancy were studied, and the epidemiological characteristics of the first trimester
and the second trimester were not studied. Although more than 1,000 women were included in this study,
only 44 women had mixed vaginitis (20 women with AV+BV, 11 women with VVC+BV, 12 women with
VVC+AV, and 1 woman with AV+TV). This study did not analyze the effect of treatment on pregnancy
outcomes, mainly because the treatment methods of different mixed vaginitis are different. In the future,
we plan to further expand the sample size to analyze the impact of mixed vaginitis and treatment of mixed
vaginitis on pregnancy outcomes.

Interpretation

Mixed vaginitis refers to a vaginitis that combines two or more pathogens that cause AV, BV, VVC, and
TV(2). The interaction between fungi and bacteria can mutually promote the colonization and
virulence of pathogens (28). C.albicans (VVC pathogen) adhesion proteins, hyphal wall proteins, and
transcriptional regulators play a crucial role in the interaction between C.albicans andStaphylococcus (AV
pathogen)(29, 30). The mouse model of mixed infection of GBS and C.albicans confirmed that GBS could
also promote the adhesion and colonization of C.albicans , while reducing the cellular immune response and
host immune clearance rate of helper T cell 17 (Th17), ensuring the persistently chronic infection of the
two(31). C.albicans can combine with a variety of streptococci and staphylococci(AV pathogen) to help them
adhere and form biofilms(30). The dual-species biofilm formed can provide nutrients for pathogens to repro-
duce, and protect microorganisms from being eliminated by antimicrobial agents, further maintaining the
pathogenic ability of pathogens(30, 32-37).The interaction between aerobic and anaerobic bacteria
can promote biofilm formation and participate in the pathogenic process. In vitro experiments
have confirmed thatEscherichia coli and Enterococcus faecalis (AV pathogens) coexist and interact with
Gardnerella vaginalis (BV pathogen) to participate in the formation of BV biofilms (38). Therefore, the in-
teraction between fungi and bacteria and between bacteria and bacteria is very important for the pathogenic
processes of mixed vaginitis. Immunity is reduced during pregnancy. The host’s ability to suppress pathogens
is reduced. Mixed vaginitis during pregnancy may be more serious and complicated. The existence of multi-
species biofilms in the vagina of pregnant women is related to the occurrence of adverse outcomes. This may
come from the upward spread of biofilms, but the mechanism still needs further research.

Conclusion

Due to reduced immunity and increased disease susceptibility, mixed vaginitis is prone to occur during
pregnancy. A positive glucose tolerance test during pregnancy and a history of vaginitis during pregnancy
are risk factors for mixed vaginitis in late pregnancy. The symptoms and signs of women with mixed
vaginitis during pregnancy are difficult to distinguish from women with simple vaginitis and are related to the
adverse outcome of puerperal infection. It is recommended to efficiently distinguish mixed vaginitis through
laboratory examination. Therefore, vaginitis should be diagnosed and treated during early pregnancy, and
blood glucose management should be guided in time during pregnancy to prevent puerperal infection.

6
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n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age, years
¡30 240(27.6) 10(23.8) 9(29) 30(34.1) 2(100) 5(25) 4(36.4) 4(33.3) 0 51(31.3) 13(29.5)
30[?] ¡35 367(42.3) 20(47.6) 15(48.4) 37(42) 0 8(40) 6(54.5) 4(33.3) 1(100) 72(44.2) 19(43.2)?¿?
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. Normal BV AV VVC TV AV+BV VVC+BV VVC+AV AV+TV Single vaginitis Mixed vaginitis

35 261(30.1) 12(28.6) 7(22.6) 21(23.9) 0 7(35) 1(9.1) 4(33.3) 0 40(24.5) 12(27.3)
Educational status ?¿?
junior high school 36(4.1) 2(4.8) 2(6.5) 5(5.7) 1(50) 0 1(9.1) 1(8.3) 0 10(6.1) 2(4.5)
senior high school[?]¡college 213(24.5) 11(26.2) 3(9.7) 25(28.4) 1(50) 2(10) 1(9.1) 1(8.3) 0 40(24.5) 4(9.1)
college or above 619(71.3) 29(69) 26(83.9) 58(65.9) 0 18(90) 9(81.8) 10(83.3) 1(100) 113(69.3) 38(86.4)
Gravidity
1 380(43.8) 16(38.1) 12(38.7) 41(46.6) 2(100) 10(50) 4(36.4) 4(33.3) 1(100) 71(43.6) 19(43.2)
2-3 386(44.5) 23(54.8) 18(58.1) 39(44.3) 0 9(45) 5(45.5) 4(33.3) 0 80(49.1) 18(40.9)?¿?
4 102(11.8) 3(7.1) 1(3.2) 8(9.1) 0 1(5) 2(18.2) 4(33.3) 0 12(7.4) 7(15.9)
Parity
0 564(65) 31(73.8) 29(64.5) 65(73.9) 2(100) 15(75) 6(54.5) 7(58.3) 1(100) 118(72.4) 29(65.9)
1 282(32.5) 11(26.2) 9(29) 21(23.9) 0 5(25) 5(45.5) 5(41.7) 0 41(25.2) 15(34.1)?¿?
2 22(2.5) 0 2(6.5) 2(2.3) 0 0 0 0 0 4(2.5) 0
Abortion
0 515(59.3) 21(50) 20(64.5) 49(55.7) 2(100) 16(80) 7(63.6) 6(50) 1(100) 92(56.4) 30(68.2) j

1 208(24) 16(38.1) 9(29) 30(34.1) 0 1(5) 1(9.1) 2(16.7) 0 55(33.7) 4(9.1)?¿?
2 145(16.7) 5(11.9) 2(6.5) 9(10.2) 0 3(15) 3(27.3) 4(33.3) 0 16(9.8) 10(22.7)
Number of sexual partners
1 718(82.7) 32(76.2) 27(87.1) 75(85.2) 1(50) 16(80) 9(81.8) 10(83.3) 0 135(82.8) 35(79.5)
2-3 144(16.6) 9(21.4) 4(12.9) 13(14.8) 1(50) 3(15) 2(18.2) 2(16.7) 1(100) 27(16.6) 8(18.2)?¿?
4 6(0.7) 1(2.4) 0 0 0 1(5) 0 0 0 1(0.6) 1(2.3)
Positive of oral glucose tolerance test during pregnancy 100(11.5) 4(9.5) 5(16.1) 19(21.6) 1(50) 4(20) 5(45.5) d, e 2(16.7) 0 29(17.8) 11(25) i

History of vaginitis during pregnancy 88(10.1) 9(21.4) 4(12.9) 22(25) 1(50) 4(20) 5(45.5) e 2(16.7) 0 36(22.1) 11(25) i

Sex during pregnancy 304(35) 18(42.9) 5(16.1) 29(33) 2(100) 8(40) 8(72.7) c, e 3(25) 1(100) 54(33.1) 20(45.5)
History of genital infections before pregnancy 213(24.5) 9(21.4) 9(29) 28(31.8) 0 3(15) 2(18.2) 9(75) f, g, h 0 46(28.2) 14(31.8)
Panty liner use 151(17.4) 5(11.9) 6(19.4) 17(19.3) 1(50) 3(15) 1(9.1) 3(35) 1(100) 29(17.8) 8(18.2)

a: AV+BV vs BV, P ¡0.05; b: AV+BV vs Normal, P ¡0.05; c: VVC+BV vs VVC, P ¡0.05; d: VVC+BV
vs BV, P ¡0.05; e: VVC+BV vs Normal, P ¡0.05; f: VVC+AV vs VVC, P ¡0.05; g: VVC+AV vs AV, P
¡0.05; h: VVC+AV vs Normal, P ¡0.05; i: Mixed vaginitis vs Normal, P ¡0.05; j: Mixed vaginitis vs Single
Vaginitis, P ¡0.05.

Table 2 Risk factors associated with mixed vaginitis during pregnancy.

Risk factor Mixed vaginitis vs Normal Mixed vaginitis vs Normal Mixed vaginitis vs Normal Mixed vaginitis vs Normal VVC+BV vs Normal VVC+BV vs Normal VVC+BV vs Normal VVC+BV vs Normal

Univariate analysis Univariate analysis Multivariate analysis Multivariate analysis Univariate analysis Univariate analysis Multivariate analysis Multivariate analysis
OR (95%CI) P Value OR (95%CI) P Value OR (95%CI) P Value OR (95%CI) P Value

Positive of oral glucose tolerance test during pregnancy No 1 0.01 1 0.008 1 0.003 1 0.002
Yes 2.560(1.254-5.225) 2.697(1.293-5.625) 6.4(1.918-21.355) 7.213(2.052-25.357)

History of vaginitis during pregnancy No 1 0.003 1 0.042 1 0.001 1 0.003
Yes 2.955(1.442-6.052) 2.276(1.030-5.032) 7.386(2.209-24.699) 6.384(1.843-22.118)

Sex during pregnancy No 1 0.161 1 0.019 1 0.021
Yes 1.546(0.840-2.844) 4.947(1.303-18.785) 5.047(1.277-19.948)

History of genital infections before pregnancy No 1 0.278 1 0.628 1
Yes 1.435(0.747-2.757) 0.683(0.147-3.187)

Panty liner use No 1 0.893 1 0.475 1
Yes 1.055(0.481-2.316) 0.475(0.060-3.737)

10



P
os

te
d

on
A

u
th

or
ea

28
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

68
94

28
.8

03
99

81
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Table 3 Comparison clinical symptoms and signs and laboratory characteristics of mixed vaginitis with single
vaginitis during pregnancy.

Normal BV AV VVC TV AV+BV VVC+BV VVC+AV VVC+AV AV+TV Single vaginitis Mixed vaginitis

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Asypmtomatic 350(40.3) 13(31) 8(25.8) 20(22.7) 0 7(35) 1(9.1) e 1(8.3) h 1(8.3) h 0 41(25.2) 9(20.5) i

Increased discharge 401(46.2) 22(52.4) 19(61.3) 52(59.1) 1(50) 10(50) 8(72.7) e 10(83.3) h 10(83.3) h 1(100) 94(57.7) 29(65.9) i

Genital itching 117(13.5) 8(19) 2(6.5) 43(48.9) 1(50) 1(5) 8(72.7) d, e 9(75) g, h 9(75) g, h 0 54(33.1) 18(40.9) i

Genital burning 20(2.3) 0 0 6(6.8) 1(50) 0 1(9.1) 3(25) f, g, h 3(25) f, g, h 0 7(4.3) 4(9.1) i

Red and edema vulva 56(6.5) 3(7.1) 5(16.1) 23(26.1) 1(50) 0 3(27.3) e 6(50) j, h 6(50) j, h 1(100) 32(19.6) 10(22.7) i

Vaginal erythema 100(11.5) 11(26.2) 12(38.7) 47(53.4) 1(50) 7(35) b 7(63.6) d, e 11(91.7) f, g, h 11(91.7) f, g, h 1(100) 71(43.6) 26(59.1) i

Yellow discharge 255(29.4) 14(33.3) 23(74.2) 57(64.8) 2(100) 13(65) a, b 9(81.8) d, e 12(100) f, h 12(100) f, h 0 96(58.9) 34(77.3) i, j

Thick discharge 101(11.6) 2(4.8) 18(58.1) 41(46.6) 0 7(35) a, b 5(45.5) d, e 9(75) h 9(75) h 0 61(37.4) 21(47.7) i

Malodor 82(9.4) 10(23.8) 8(25.8) 19(21.6) 0 9(45) b 5(45.5) e 3(25) h 3(25) h 1(100) 37(22.7) 18(40.9) i, j

pH¿4.5 60(6.9) 24(57.1) 21(67.7) 12(13.6) 2(100) 18(90) a, b 6(54.5) c, e 7(58.3) f, h 1(100) 1(100) 59(36.2) 32(72.7) i, j

WBC¿10/hpf 227(26.2) 2(4.8) 27(87.1) 31(35.2) 2(100) 20(100) a, b 3(27.3) d 12(100) f, h 1(100) 1(100) 62(38) 36(81.8) i, j

a: AV+BV vs BV, P ¡0.05; b: AV+BV vs Normal, P ¡0.05; c: VVC+BV vs VVC, P ¡0.05; d: VVC+BV
vs BV, P ¡0.05; e: VVC+BV vs Normal, P ¡0.05; f: VVC+AV vs VVC, P ¡0.05; g: VVC+AV vs AV, P
¡0.05; h: VVC+AV vs Normal, P ¡0.05; i: Mixed vaginitis vs Normal, P ¡0.05; j: Mixed vaginitis vs Single
Vaginitis, P ¡0.05.

Table 4 Comparison pregnancy outcomes of mixed vaginitis with single vaginitis.

Outcomes Normal BV AV VVC TV AV+BV VVC+BV VVC+AV AV+TV Single vaginitis Mixed vaginitis

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Delivery mode
Vaginal delivery 368(42.4) 19(45.2) 17(54.8) 40(45.5) 1(50) 10(50) 6(54.5) 4(33.3) 1(100) 77(47.2) 21(47.7)
Ceasarean section 500(57.6) 23(54.8) 14(45.2) 48(54.5) 1(50) 10(50) 5(45.5) 8(66.7) 0 86(52.8) 23(52.3)
PROM 149(17.2) 8(19) 10(32.3) 8(9.1) 1(50) 2(10) 1(9.1) 4(33.3) f 0 27(16.6) 7(15.9)
Preterm 62(7.1) 3(7.1) 2(6.5) 9(10.2) 0 0 0 1(8.3) 0 14(8.6) 1(2.3)
Stillbirth 2(0.2) 0 0 0 0 0 0 0 0 0 0
Puerperal infection 9(1) 1(2.4) 1(3.2) 0 0 1(5) 0 2(16.7) f, h 0 2(1.2) 3(6.8) i, j

Neonatal infection 88(10.1) 2(4.8) 5(16.1) 15(17) 0 1(5) 2(18.2) 2(16.7) 0 22(13.5) 5(11.4)
Meconium-stained amniotic fluid (MSAF) 90(10.4) 3(7.1) 4(12.9) 8(9.1) 0 3(15) 3(27.3) 3(25) 1(100) 15(9.2) 10(22.7) j

Low birth weight 46(5.3) 3(7.1) 1(3.2) 6(6.8) 0 0 1(9.1) 1(8.3) 0 10(6.1) 2(4.5)
Neonatal asphyxia 10(1.2) 1(2.4) 0 0 0 1(5) 0 1(8.3) 0 1(0.6) 2(4.5)
NICU admission 147(16.9) 4(9.5) 5(16.1) 18(20.5) 0 1(5) 4(36.4) d 2(16.7) 0 27(16.6) 7(15.9)

a: AV+BV vs BV, P ¡0.05; b: AV+BV vs Normal, P ¡0.05; c: VVC+BV vs VVC, P ¡0.05; d: VVC+BV
vs BV, P ¡0.05; e: VVC+BV vs Normal, P ¡0.05; f: VVC+AV vs VVC, P ¡0.05; g: VVC+AV vs AV, P
¡0.05; h: VVC+AV vs Normal, P ¡0.05; i: Mixed vaginitis vs Normal, P ¡0.05; j: Mixed vaginitis vs Single
Vaginitis, P ¡0.05.
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