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Abstract

Background: Aerobic vaginitis (AV) is a reproductive tract infection that affects health of women. The objective of
this study was to analyze the characteristics of simple and mixed AV patients in Xi'an district and provide reference
data for the clinical treatment of AV.

Methods: Patients were recruited from the outpatient Department of Obstetrics and Gynecology in the First
Affiliated Hospital of Xi'an Jiaotong University from September 2014 to April 2019 in strict accordance with
inclusion and exclusion criteria. The study principally examined the vaginal ecosystem, age distribution, levels of
functional enzymes, and changes in pH levels in these women. Differences within groups were analyzed.

Results: A total of 284 AV patients were enrolled to investigate the distribution of simple and mixed AV infection.
AV infection was found to be mainly simple infection. Simple AV patients were generally aged 50-60 years, while
mixed AV patients were mostly aged 30-40 years. In the present study, the density of vaginal bacteria (OR = 13.294,
95% Cl=5.869-30.115, P < 0.01), the type of predominant bacteria (OR =3.962, 95% Cl = 1.785-7.984, P < 0.01) and
positive expression of coagulase (OR =3.789, 95% Cl=1.798-7.984, P < 0.01) were considered risk factors for mixed
AV infection.

Conclusions: The epidemiology of simple and mixed AV infection were found to be different, with density of
vaginal bacteria (I or V), species that are predominant and levels of coagulase being risk factors for mixed AV
infection.
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Background bacterial vaginitis (BV), cytolytic vaginosis (CV) or aer-

Human vaginal flora is a complex and protective envir-
onment, which enables the maintenance of vaginal pH
levels and microbial balance to withstand the invasion of
pathogenic fungi and protozoa. However, any imbalance
in the naturally occurring bacterial flora may result in
infections such as vulvovaginal candidiasis (VVC),
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obic vaginitis (AV), the clinical symptoms of which, such
as abnormal leucorrhea, increased discharge, vulval itch-
ing, burning pain, and so on, occurring [1, 2]. Women
suffering from these conditions can experience preterm
premature rupture of membranes, preterm labor, amni-
otic fluid infection, chorioamnionitis, sexually transmit-
ted infections, and cervical intraepithelial neoplasia
disease [3-6].

AV was first identified by Donders and co-workers in
2002 [7, 8]. In contrast to BV, the prevalence of AV is
7-12%, less prevalent than BV [4]. AV can cause various
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vaginal symptoms, including stinging and dyspareunia,
purulent discharge with significant inflammation and
epithelial disruption, a thick cottage-cheese-like dis-
charge associated with vaginal and vulvar pruritus, pain,
burning, erythema, and edema. Secondary infections
may also occur, the outcomes of which can be serious,
including miscarriage, chorioamnionitis, premature rup-
ture of membranes, preterm delivery, infertility, and pel-
vic inflammatory disease (PID) [9]. However, the
pathogenesis of AV remains unclear although it is under
investigation. A preview study indicated that it resulted
from an immunological response with increased inflam-
matory reaction [10]. In addition, the microflora in AV
comprises commensal aerobic microorganisms of intes-
tinal origin, principally Escherichia coli, Staphylococcus
aureus and coagulase-negative Staphylococci [7, 11]. A
recent study indicated that being unmarried, use of an
intrauterine device, long-term use of antibiotics, and fre-
quent vaginal douching were risk factors for AV [12].

The principal diagnostic technique for identification of
AV is currently observation of a wet film of vaginal se-
cretion under a light microscope, combined with clinical
manifestations. However, assessment of a wet film can
lead to errors due to the subjective judgment of clini-
cians. In addition, results of diagnosis vary across differ-
ent hospitals, regions and even countries depending on
the levels of knowledge and skills of investigators. There-
fore, this study aimed to investigate the characteristics of
distribution of AV in patients, the levels of vaginal en-
zymes and pH values, to explore the use of particular va-
ginal enzymes in diagnosis, and provide reference data
for the reliable and objective diagnosis of AV in the
future.

Methods

Subjects

A retrospective study was conducted in the Gynecology
Outpatient Clinic of the First Affiliated Hospital of Xi’an
Jiaotong University from September 2014 to April 2019.
Women who had symptoms, such as increased dis-
charge, itching of the vulva, burning pain, etc, were re-
cruited to the study, in strict accordance with the
following inclusion and exclusion criteria. Inclusion cri-
teria: (1) women with a history of sexual activity aged 18
to 50 years old; (2) of Han ethnicity; (3) diagnosis of sim-
ple AV infection or AV combined with VVC, BV, TV or
others, according to the diagnostic criteria of vaginal in-
fections by microscopic examination and functional en-
zyme testing; (4) women not menstruating within the
previous 3 days, no vaginal irrigation or drug the vagina
within the previous 3 days, and no sexual intercourse for
3 days prior to examination. Exclusion criteria were: (1)
women who had undergone hysterectomy with or with-
out bilateral excision of the ovary or who had had a
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genital malignancy; (2) women without test results for
enzyme activity or microscopic test of vaginal secretion;
(3) women who were pregnant, menstruating or lactat-
ing; (4) women who had undergone chemotherapy,
radiotherapy or hormonotherapy due to a malignancy.
Before recruitment to the study, informed consent was
obtained from each patient. And the study protocol was
approved by the ethics committee of the First Affiliated
Hospital of Xi’an Jiaotong University.

Sampling and tests

The bladder lithotomy position was used for
gynecological examination and collection of vaginal dis-
charge from patients who had symptoms such as in-
creased discharge, vulval itching, burning pain, etc. Two
vaginal smears were obtained from the upper 1/3 of the
lateral vaginal wall for microbiological analysis using
standard microbiological methods, analysis of pH value
of the vaginal environment, amino acid odor testing, and
evaluation of enzymes using a diagnostic strip set for
vaginitis (Chaoshi-Bio, Jiangsu, China).

Diagnostic criteria

(1) AV: Common criteria employed for the diagnosis of
AV in patients is Donders’ score or Tempera evaluation
[13], but they lack standardization or recognized criteria.
However, in accordance with the Chinese expert consen-
sus on the clinical application of vaginal microecological
assessment from 2016, AV was assessed and diagnosed
using Donders’ score in the present study [14]. Diagnos-
tic criteria and the corresponding AV scores are dis-
played in Table 1. Scores of 0 to 10 were assigned to
each sample, representing different levels of bacterial
flora, epithelial disruption, and inflammation: 0-2 (no
AV), 3—4 (mild AV), 5-6 (moderate AV), or 7—10 (se-
vere AV). (2) BV: BV was diagnosed using Nugent scor-
ing, in accordance with the Chinese expert consensus on
the clinical application of vaginal microecological assess-
ment from 2016 [14, 15]. A score of <4 was normal, 4—
6 moderate, and > 6 was defined as BV. (3) VVC: VVC
was diagnosed when hyphae or spores were observed in
10% KOH wet microscopy. (4) Trichomonas Vagini-
tis(TV): Active trichomonas observed using light micros-
copy. (5) CV: Cibley diagnostic criteria were used [16].

Patient data

After obtaining informed consent from each patient, pa-
tient data were collected from AV patients, including
their age, AV infection status, density of vaginal bacteria,
diversity of vaginal bacteria, bacteria that were predom-
inant, levels of vaginal enzymes liking B-glucuronidase,
leukocyte esterase, coagulase, and sialidase, and pH
levels. Depending on AV infection status, those women
who underwent routine gynecological examination and
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Table 1 Criteria diagnosis of aerobic vaginitis by Donders’ score
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AV lactobacillary Number of leukocytes Proportion of toxic Background flora Proportion of parabasal epithelial
score grade leukocytes cells
0 I'and lla <10/hpf None or sporadic Unremarkable or None or < 1%
cytolysis
1 Ib > 10/hpf and < 10/epithelial ~ <50% of leukocytes Small bacilli <10%
cell
2 Il > 10/epithelial cell > 50% of leukocytes Cocci or chains >10%

hpf high power field (400x magnification)

A composite score of 1-2 represented normality. A score of 3-4 corresponded to slight aerobic vaginitis, a score of 5-6, moderate vaginitis, and a score above 6
(to max 10), severe aerobic vaginitis. In practice, a score of 8-10 was usually the same as so-called desquamative vaginitis, the most extreme form of

aerobic vaginitis

had simple AV infection were selected as the control
group. The remaining patients allocated to the experi-
mental group.

Statistical analysis

Data were analyzed using SPSS software version 20. Cat-
egorical variables are presented as counts and percent-
ages, and continuous variables as means +* standard
deviation (SD). A chi-square or Fisher’s tests were used
to compare categorical variables, and a ¢-test to compare
quantitative variables in two groups. Multiple logistic re-
gression analysis was used to calculate crude odds ratios
(ORs) and 95% confidence intervals (CI). P<0.05 was
considered statistically significant. The confidence inter-
val was set at 95%.

Results

Distribution of AV infections

In total, 284 sexually active patients who underwent rou-
tine gynecological examination had a diagnosis of AV
and were recruited in strict accordance with the inclu-
sion and exclusion criteria. All were aged 18-50 and
menstruated regularly. Of the 284 patients with AV, 186
(65.49%) were found to have simple aerobic infection.
The remaining 98 patients had mixed infection (34.51%).
The most frequent infection combination was AV with
BV (65/98, 66.33%), followed by AV with TV (13/98,
13.27%). Details of the distribution of infections are pre-
sented in Table 2.

Table 2 Infection status in the AV patients studied

Infection status Age (means + SD) Case(s) Percentage (%)
AV 4458 +0974 186 65.49%

AV +BV 40.85+1.588 65 22.89%

AV + BV +CV 31 1 0.35%

AV+TV 38.38 £ 2.666 13 4.58%
AV+TV+BV 3867 £2.042 12 4.23%

AV +WC 36.50 £4.55 4 141%
AV+WC+BV 31.00£3.786 3 1.06%

Proportions of mild, moderate and severe AV in simple
and mixed AV

According to the AV scores, mild AV infection was most
common in simple AV infection, while moderate and se-
vere AV were greater in mixed AV infection than in
simple AV infection (Fig. 1).

Distribution of ages of AV patients

Simple AV infection was most common among patients
aged 50-60, while mixed AV infection was more com-
mon among patients aged 30—40 (Fig. 2).

Comparison of pure and mixed aerobic infections

Of the 284 AV patients, 175 cases were Gus(p-glucu-
ronidase) positive (175/284; 61.62%), and 109 were Gus
negative (109/284; 38.38%). A comparison between pure
and mixed aerobic infections is shown in Table 3. The
results indicate that those aged under 42 years were vul-
nerable to mixed AV (P =0.003). Incidentally, the distri-
bution of vaginal bacterial density, diversity of vaginal
bacteria and predominance of bacteria were significantly
different in simple AV and mixed AV patients (P < 0.01,
respectively). From the aspect of functional detection, -
glucuronidase, coagulase and sialidase were significantly
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Fig. 1 Proportion of mild, medium and severe AV in simple AV and
mixed AV
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different between simple AV and mixed AV, respectively
(P <0.01, respectively), while no difference in hydrogen
peroxide production (P = 0.655), leukocyte esterase (P =
0.428) and pH levels (P =0.688) was observed between
simple and mixed AV infections (Table 3).

Multivariate logistic regression analysis

Multivariate logistic regression analysis revealed that the
density of vaginal bacteria (OR=13.294, 95% CI=

5.869-30.115, P<0.01) and bacteria that predominated
(OR=3.962, 95% CI=1.785-7.984, P<0.01) were risk
factors for mixed AV. In addition, positive expression of
coagulase (OR =3.789, 95% CI=1.798-7.984, P<0.01)
was also considered a risk factor of mixed AV (Table 4).

Discussion
AV is a common form of vaginitis affecting millions of
women that is distinguished from BV. A number of

Table 3 Comparison between pure and mixed aerobic infections (n[n%])

Clinical parameter Total(n = 284) Simple AV infection Mixed AV infection P
(n =186) (n =98)
Age (mean * SD, year) 4288 +0.766 4458 +0.874 39.67 £1.167 0.003
density of vaginal bacteria
-1l 272 185(99.46) 87(88.68) <0.001
lorlV 12 1(0.54) 11(11.22)
diversity of vaginal bacteria 0.013
-1l 264 178(95.70) 86(87.76)
lor v 20 8(4.30) 12(12.24)
predominant bacteria 0.002
G* coccus 175 145(77.76) 30(30.61)
G bacilli 109 41(22.04) 68(69.39)
Hydrogen peroxide (H,0;)
Negative 1 1(0.54) 0(0) 0.207
Positive 283 185(99.46) 98(100)
B-Glucuronidase (Gus) 0.008
Negative 256 175(94.09) 81(82.65)
Positive 28 11(5.91) 17(17.35)
Leukocyte esterase (LE) 0428
Negative 3 3(1.61) 0(0)
Positive 281 183(98.39) 98(100)
Coagulase <0.001
Negative 225 168(90.32) 57(58.16)
Positive 59 18(9.68) 41(41.84)
Sialidase <0.001
Negative 247 174(93.55) 73(74.49)
Positive 37 12(6.45) 25(25.51)
pH levels 531£0014 531+0017 530+0.024 0.688
(mean £ SD)

G+ coccus gram positive coccus, G- bacilli gram negative bacilli
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Table 4 Multivariate logistic regression analysis of risk factors for mixed AV

Parameters B SE Walds P OR (95% Cl)
Age(mean +SD) -0.026 0.016 2.751 0.097 0.974(0.945-1.005)
density of vaginal bacteria (II-lll vs. | or IV) 2.587 0417 38460 <0.01 13.294(5.869-30.115)
diversity of vaginal bacteria (Il vs. | or IV) 0.545 0.530 1.059 0.303 1.725(0.611-4.870)
predominant bacteria (G coccus vs. G~ bacilli) 1377 0.407 11.450 <0.01 3.962(1.785-7.984)
B-Glucuronidase (positive vs. negative) 0.064 0334 0.037 0.847 1.066(0.554-2.052)
Coagulase (positive vs. negative) 1332 0.380 12269 <0.01 3.789(1.798-7.984)
Sialidase (positive vs. negative) -0.229 0.459 0424 0515 0.742(0.302-1.824)

OR odds ratios, CI confidence interval

studies have found that the incidence of AV was ap-
proximately 11.77%, of which the incidence was approxi-
mately 13.08% in pregnancy and 4.34% in nonpregnant
women [11]. Therefore, the present study aimed to
analyze the differences between simple and mixed AV in
order to assist in the diagnosis, treatment and manage-
ment of patients. These results represent reference data
for AV.

In the present study, 65.49% of cases were found to
have a simple aerobic infection, and 34.51% had mixed
infections. The results contradict the study of Wang
(prevalence of simple AV: 38.67%, mixed AV: 61.33%)
[17]. The reason for this may be that those women lived
in a dry and conservative city. They will have sweated
less, consistent with cleaner vulva and engaged in less
hazardous sexual behavior. In addition, in the present
study simple AV infection was most commonly observed
in AV patients, focusing on elderly women in their 50s
to 60s. Women younger than 42years of age had a
higher risk of mixed AV than more elderly women. The
reason for mixed AV infection being more common in
younger women may lie in their higher levels of estro-
gen, strong autoimmunity, and higher frequency of sex-
ual activity. AV was found to be more commonly
associated with BV (65/284, 22.89%), trichomonas vagi-
nalis (13/284, 4.58%) and BV with TV (12/284, 4.41%).
In a similar study, AV observed in 61.33% of patients
was combined with other causes such as BV (33.67%),
VVC (16.0%) or TV (5%) [17]. Although a number of re-
searchers have found that AV infection is accompanied
with other forms of vaginitis, such as candidiasis, tricho-
monas, and bacterial vaginitis, and presenting different
clinical manifestations, the precise mechanism remains
unclear [18-20]. The reason may be that the pathogenic
bacteria in AV and BV habituate weak alkaline and in-
flammatory environments, an assumption that requires
verification. From these results, medium and severe AV
in mixed AV infection was more frequent than that in
simple AV infection in terms of AV score, suggesting
that vaginitis combined with AV infection was more as-
sociated with environments that were more inflamed
and rich in a variety of bacteria in the vagina. However,

no study has demonstrated different AV scores affecting
different treatment strategies [21].

Compared with intestinal flora, vaginal flora in child-
bearing women consist of only 40 species of bacteria,
with one variety of lactobacillus generally predominat-
ing, including L. crispatus, L. gasseri, L. iners, and L. jen-
senii, which produce lactic acid and build a vaginal
immunological barrier [22]. The dominant bacteria in
the vaginas of women of different races are significantly
different, with lactobacillus in 80-90% of Asians and
Caucasians, and in fewer than 60% of blacks and His-
panics [23]. The present study identified density and the
species of predominant bacteria as independent risk fac-
tors for mixed AV infection, while no association be-
tween diversity of vaginal bacteria and mixed AV
infection was found. However, if a change to predomin-
ant bacteria occurs, a loss of balance has an adverse con-
sequence for the health of women. In addition, the
diversity of vaginal bacteria also plays an important role
in balance, but multivariate analysis in the present study
suggests that diversity of vaginal bacteria possibly influ-
ences mixed AV but is not an independent risk factor.

Based on enzymatic activity, the results indicate that
B-glucuronidase, coagulase and sialidase were positive in
mixed AV patients. Wang demonstrated that in women
positive for B-glucuronidase, coagulase and sialidase, AV
was associated with Escherichia coli and B. streptococ-
cus, with increased risk of cervical intraepithelial neopla-
sia (CIN) [17, 24]. Expression of the sialidase-encoding
gene from Gardnerella vaginalis, was found to be signifi-
cantly greater in persistent HPV infection, and may rep-
resent a microbial marker. The predominant pathogen
of AV can decrease the beneficial effects of lactobacillus,
causing inflammation, such as increased levels of IL-6,
IL-8 and TNF-a, increasing the risk of HPV 16 infection
which results in CIN or cervical cancer [25-27]. Accord-
ing to multivariate logistic regression analysis, only the
effect of coagulase was found to be a risk factor in mixed
AV patients. As is well known, coagulase positivity is a
sign of S. aureus rather than other staphylococci [28].
The vaginal ecosystem has a diverse and complex micro-
biota that balances probiotic species and opportunistic
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pathogens [22]. So to treat AV infections, the results
suggest that anti-staphylococcal drugs should be taken
orally. In addition, previous studies indicate that lacto-
ferrin may enhance the host’s vaginal innate immune
system, regulating bacterial proliferation so that patients
benefit from lactoferrin taken orally or as a pessary [29].

It is understood that the pH level was higher than 4.5
in AV patients, principally because microflora in AV
were Escherichia coli, Staphylococcus aureus, coagulase-
negative staphylococci etc., with lactobacillus levels
lower in comparison [30]. In most patients with single
VVC, the vaginal pH was normal, and in pure CV pa-
tients, the vaginal pH level was lower than 4.5 due to the
high levels of lactobacillus, whereas in the majority of
patients with BV, TV, AV, or AV mixed infections, the
vaginal pH value was high (pH > 4.5) [19]. Unfortunately,
the results indicate that pH levels in simple or mixed
AV were not significantly different, but a recent study
suggested that vaginal pH level had a significant associ-
ation with CIN [31]. Therefore, due to the overlap be-
tween simple and mixed AV, it is difficult to draw firm
conclusions for differentiating simple AV from mixed
AV by pH level.

A limitation of this study is the lack of a negative con-
trol representing normal vaginal flora. The sample size
was not large enough and the data describing the clinical
characteristics, living conditions and hygiene of patients
were inadequate, limiting the conclusions that can be
drawn. Additionally, the study population was hospital-
based and so bias cannot be avoided. Therefore, a sys-
tematic, clinical multicenter study is required to confirm
these observations.

Conclusions

In conclusion, aerobic vaginitis remains prevalent in
simple infections, and the age of patients with simple
AV was elder than those with mixed AV. In addition,
the density of vaginal bacteria (I or IV), predominant
bacteria and coagulase were high-risk factors for mixed
AV infection. However, extensive epidemiological data
and further studies are required to better understand the
epidemiology of AV infection and the strategies aiming
to treat simple and mixed AV infection.

Abbreviations

AV: Aerobic Vaginitis; BV: Bacterial Vaginitis; CV: Cytolytic Vaginosis;

WC: Vulvovaginal Candidiasis; TV: Trichomonas Vaginitis; H202: Hydrogen
peroxide; LE: Leukocyte esterase; Gus: B-Glucuronidase; CIN: Cervical
Intraepithelial Neoplasia

Acknowledgements

We are grateful to Shaanxi Science and Technology Coordinating Innovation
Plan and the First Affiliated Hospital of Xi ‘an Jiaotong University for
supporting this study by funding. And we would like to express our
gratitude and appreciation to all research assistants and study participants.

Page 6 of 7

Authors’ contributions

TZ, YX, TY and RA conceived the scientific idea, TY, LX, XW, WW and YL
provided clinical data, TZ, XW, WW and YL performed the analyses and
prepared the manuscript, TZ, YT, RA and LX contributed to the preparation
of the manuscript, YX, TY, and LX contributed to the discussion of the data,
while RA supervised the project. All authors read and approved the final
manuscript.

Funding

This study was supported by Shaanxi Science and Technology Coordinating
Innovation Plan (No. 2016KTCL03-06) and the Fund of the First Affiliated
Hospital of Xi ‘an Jiaotong University(No. XJTU|AF-CRF-2015-019). Due to the
large workload in the study, the funders gave us financial help to conduct
the research.

Availability of data and materials
The data used can be obtained from the corresponding author upon
reasonable request.

Ethics approval and consent to participate

The study protocol was approved by the ethics committee of the First
Affiliated Hospital of Xi'an Jiaotong University. And all patients had provided
verbal informed consent to be interviewed prior to data collection, because
the study posed no threat to the health of patients, this was approved by
the ethics committee.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflicts of interest.

Author details

'Department of Obstetrics and Gynecology, the First Affiliated Hospital of
Xi'an Jiaotong University, No.277, Yanta Western Road, Xi'an 710061, Shaanxi
Province, China. “Department of Obstetrics and Gynecology, Shaanxi
Provincial People’s Hospital, Xi'an 710068, Shaanxi, China.

Received: 2 January 2020 Accepted: 18 June 2020
Published online: 30 June 2020

References

1. Amabebe E, Anumba DOC. The vaginal microenvironment: the physiologic
role of lactobacilli. Front Med. 2018;5:181.

2. LiT, Liu ZH, Li K, Bai HH. Evaluation of the vaginal microbiome in clinical
diagnosis and management of vaginal infectious diseases. Chin Med J.
2019;132(9):1100-3.

3. Romero R, Miranda J, Chaiworapongsa T, Korzeniewski SJ, Chaemsaithong P,
Gotsch F, Dong Z, Ahmed Al, Yoon BH, Hassan SS, et al. Prevalence and
clinical significance of sterile intra-amniotic inflammation in patients with
preterm labor and intact membranes. Am J Reprod Immunol. 2014;72(5):
458-74.

4. Donders GGG, Bellen G, Grinceviciene S, Ruban K, Vieira-Baptista P. Aerobic
vaginitis: no longer a stranger. Res Microbiol. 2017;168(9-10):845-58.

5. Vieira-Baptista P, Lima-Silva J, Pinto C, Saldanha C, Beires J, Martinez-de-
Oliveira J, Donders G. Bacterial vaginosis, aerobic vaginitis, vaginal
inflammation and major pap smear abnormalities. Eur J Clin Microbiol Infect
Dis. 2016;35(4):657-64.

6. Mitra A, MacIntyre DA, Lee YS, Smith A, Marchesi JR, Lehne B, Bhatia R,
Lyons D, Paraskevaidis E, Li JV, et al. Cervical intraepithelial neoplasia disease
progression is associated with increased vaginal microbiome diversity. Sci
Rep. 2015;5:16865.

7. Donders GG, Vereecken A, Bosmans E, Dekeersmaecker A, Salembier G, Spitz
B. Definition of a type of abnormal vaginal flora that is distinct from
bacterial vaginosis: aerobic vaginitis. Bjog. 2002;109(1):34-43.

8. Donders GG. Definition and classification of abnormal vaginal flora. Best
Pract Res Clin Obstet Gynaecol. 2007,21(3):355-73.

9. Petricevic L, Domig KJ, Nierscher FJ, Sandhofer MJ, Fidesser M, Krondorfer |,
Husslein P, Kneifel W, Kiss H. Characterisation of the vaginal Lactobacillus
microbiota associated with preterm delivery. Sci Rep. 2014;4:5136.



Zhang et al. BMC Women's Health (2020) 20:138

22.

23.

24.

25.

26.

27.

28.

29.

30.

Donders GG, Bosmans E, Dekeersmaecker A, Vereecken A, Van Bulck B, Spitz
B. Pathogenesis of abnormal vaginal bacterial flora. Am J Obstet Gynecol.
2000;182(4):872-8.

Dermendjiev T, Pehlivanov B, Hadjieva K, Stanev S. Epidemiological clinical
and microbiological findings in women with aerobic vaginitis. Akush
Ginekol. 2015;54(9):4-8.

Geng N, Wu W, Fan A, Han C, Wang C, Wang Y, Xue F. Analysis of the risk
factors for aerobic vaginitis: a case-control study. Gynecol Obstet Investig.
2016;81:148-54.

Tempera G, Bonfiglio G, Cammarata E, Corsello S, Microbiological ACDo,
Gynaecological sciences UoCVACI, Gynaecology unit of S.S. Paternd hospital
. Microbiological/clinical characteristics and validation of topical therapy
with kanamycin in aerobic vaginitis: a pilot study. Int J Antimicrob Agents.
2003;24(1):85-8.

Q L. The Consensus on Clinical Application of Vaginal Microflora. Chin J
Obstet Gynecol. 2016;51(10):721-3.

Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial vaginosis
is improved by a standardized method of gram stain interpretation. J Clin
Microbiol. 1991,29(2):297-301.

Cibley LJ, Cibley LJ. Cytolytic vaginosis. Am J Obstet Gynecol. 1991;165(4 Pt
2):1245-9.

Wang ZL, Fu LY, Xiong ZA, Qin Q, Yu TH, Wu YT, Hua YY, Zhang YH.
Diagnosis and microecological characteristics of aerobic vaginitis in
outpatients based on preformed enzymes. Taiwan J Obstet Gynecol. 2016;
55(1):40-4.

Jahic M, Mulavdic M, Nurkic J, Jahic E, Nurkic M. Clinical characteristics of
aerobic vaginitis and its association to vaginal candidiasis, trichomonas
vaginitis and bacterial vaginosis. Med Arch. 2013;67(6):428-30.

Fan A, Yue Y, Geng N, Zhang H, Wang Y, Xue F. Aerobic vaginitis and mixed
infections: comparison of clinical and laboratory findings. Arch Gynecol
Obstet. 2013;287(2):329-35.

Fan AP, Xue FX. Clinical characteristics of aerobic vaginitis and its mixed
infections. Zhonghua Fu Chan Ke Za Zhi. 2010;45(12):904-8.

Sherrard J, Wilson J, Donders G, Mendling W, Jensen JS. 2018 European
(IUSTI/WHO) international union against sexually transmitted infections
(IUSTI) World Health Organisation (WHO) guideline on the management of
vaginal discharge. Int J STD AIDS. 2018;29(13):1258-72.

Lo (I, Fall NS, Fadlane A, Armstrong N, Fournier PE, Sokhna C, Raoult D,
Fenollar F, Lagier JC. Vaginisenegalia massiliensis gen. nov.,, sp. nov., a new
bacterium isolated from the vagina flora and its taxono-genomic
description. New Microbes New Infect. 2019;32:100601.

Fettweis JM, Brooks JP, Serrano MG, Sheth NU, Girerd PH, Edwards DJ,
Strauss JF, Jefferson KK, Buck GA, The Vaginal Microbiome C. Differences in
vaginal microbiome in African American women versus women of
European ancestry. Microbiology (Reading, England). 2014;160(Pt 10):2272—
82.

Li L, Ding L, Lyu YJ, Wang M, Liu CL, Han Y, Wang JT. Interaction between
vaginal micro-environment alterations and HPV16 infection in cervical
intraepithelial neoplasia. Zhonghua Liu Xing Bing Xue Za Zhi. 2018;39(11):
1486-90.

Doerflinger SY, Throop AL, Herbst-Kralovetz MM. Bacteria in the vaginal
microbiome alter the innate immune response and barrier properties of the
human vaginal epithelia in a species-specific manner. J Infect Dis. 2014;
209(12):1989-99.

Aires KA, Cianciarullo AM, Carneiro SM, Villa LL, Boccardo E, Pérez-Martinez
G, Perez-Arellano |, Oliveira ML, Ho PL. Production of human papillomavirus
type 16 L1 virus-like particles by recombinant Lactobacillus casei cells. Appl
Environ Microbiol. 2006;72(1):745-52.

Norenhag J, Du J, Olovsson M, Verstraelen H, Engstrand L, Brusselaers N.
The vaginal microbiota, human papillomavirus and cervical dysplasia: a
systematic review and network meta-analysis. Bjog. 2020;127(2):171-80.
Peetermans M, Verhamme P, Vanassche T. Coagulase activity by
Staphylococcus aureus: a potential target for therapy? Semin Thromb
Hemost. 2015;41(4):433-44.

Pino A, Giunta G, Randazzo CL, Caruso S, Caggia C, Cianci A. Bacterial biota
of women with bacterial vaginosis treated with lactoferrin: an open
prospective randomized trial. Microb Ecol Health Dis. 2017,28(1):1357417.
Frobenius W, Bogdan C. Diagnostic value of vaginal discharge, wet mount
and vaginal pH - an update on the basics of gynecologic Infectiology.
Geburtshilfe Frauenheilkd. 2015;75(4):355-66.

Page 7 of 7

31. Teng P, Hao M. A population-based study of age-related associations
between vaginal pH and the development of cervical intraepithelial
neoplasia. Cancer Med. 2020,9(5):1890-902.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Sampling and tests
	Diagnostic criteria
	Patient data
	Statistical analysis

	Results
	Distribution of AV infections
	Proportions of mild, moderate and severe AV in simple and mixed AV
	Distribution of ages of AV patients
	Comparison of pure and mixed aerobic infections
	Multivariate logistic regression analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

