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In modern society, 75% of all women worldwide have had vaginitis at least once in their lives. The vagina has a
dynamic microbial ecosystem with varying vaginal pH levels. An imbalance in that ecosystem can alter the vaginal
pH and tip the scale to the point of causing issues, such as vaginitis, that require medical attention. Although
vaginitis is not an incurable disease, it causes discomfort and pain that disrupt women'’s daily lives. The most
common causes of vaginitis include bacterial vaginosis, trichomoniasis, and vulvovaginal candidiasis. In this
review, we discuss the causes, diagnostic methods, and symptoms of different types of vaginitis, the relationship of
vaginitis to the prevalence of other diseases, issues associated with recurrent vaginitis and the immune system,
and a variety of effective available treatments.

vaginal pH vaginitis diagnosis treatment

| 1. Introduction

The vagina serves as an outside-communicating channel with the functions of draining menstruation and childbirth
delivery. The vagina normally has unique flora that sustains the internal physical and chemical environment. The
presence of normal flora relies on maintenance of various components of the ecosystem, which is in dynamic
equilibrium [, Based on several published articles, the normal vaginal pH for women of childbearing age ranges
from 3.8 to 5.0, which is moderately acidic 8. The normal vagina is covered by a thin layer of transparent liquid,
commonly known as vaginal fluid. Many factors may lead to changes or imbalances in the vaginal pH value,

including vaginal infections, aging, sexual activity, and vaginal douching 2.

The common vaginal microbiome, the Lactobacilli species, can produce acidic pH and bacteriocins to kill other
bacteria in the vagina. Lactobacilli can produce an acidic environment in the vagina, which is designed to protect
women from sexually transmitted pathogens and opportunistic infections & If these normal flora such
as Lactobacilli are absent or significantly reduced, the vaginal ecosystem will become imbalanced, and other
microorganism or bacteria inside vagina may become overgrown, leading to vaginitis. Moreover, Ravel et al. first
identified the five community state types (CSTs) in 2011 &, providing a powerful scheme to classify the status of
the human vaginal microbial community (HVMC). These communities are divided into five groups: four groups are
dominated by Lactobacillus iners, L. crispatus, L. gasseri, or L. jensenii, and the fifth has a lower proportion of lactic

acid bacteria and a higher proportion of strictly anaerobic organisms.

Vaginitis has different types, including bacterial vaginosis (BV), vaginal candidiasis, trichomoniasis, and aerobic

vaginitis . This review focuses on the first three common types of vaginitis. Under the current standard, the
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diagnosis of vaginitis depends on criteria based on several clinical presentations. For example, the diagnosis of
bacterial vaginosis has been based on Amsel Criteria in clinical 1! routine since 1983. Following the Amsel Criteria,
bacterial vaginosis is diagnosed by the presence of three out of four conditions, including homogenously milky
vaginal discharge, vaginal pH over 4.5, positive KOH whiff test, and 20% at least of clue cells under wet-mount test
by microscope [&. The Nugent Score is a scoring system that calculates the relative number of bacterial
morphologies under Gram-stained vaginal discharge smears to diagnose bacterial vaginosis &. For both
abovementioned diagnostic criteria, the vaginal fluid pH is a useful and unique marker for vaginitis. Abnormal pH
values increase the possibility of vaginitis, and the measurement of vaginal pH has been used for initial screening
(29 From previous studies, a vaginal fluid pH value of 4-4.5 or less signifies the absence of vaginitis, whereas a
pH value of more than 4.5 denotes vaginitis and bacterial vaginosis (BV) 1. However, with a trichomonas

vaginalis infection, the pH value may be increased to 6.5 or more 121,

There are various signs and symptoms of vaginitis that hint at different types of vaginitis with further corresponding
treatments in clinical routine. In previous research, a combination test of vaginal fluid pH value with symptomology
was shown to diagnostic sensitivity 13, Table 1 and Table 2 demonstrate the associated symptoms, signs, risk
factors, and treatments of different types of vaginitis L2L3II4IASII6IT] From this article, we review the relationship
among vaginitis, vaginal fluid pH, and the associated immune system. In the closing discussion, we also review the
use of commercially available vaginal pH testing products. These vaginal fluid pH test products can serve as self-
test tools used at home by patients themselves, especially those with suspected symptoms of vaginitis, such as
unusual odor, itching, burning pain, or abnormal vaginal fluid. We hope that this study can increase women’s

attention to vaginitis and encourage women to seek treatment as early as possible.

Table 1. Symptoms and signs of vaginitis (Information from 12[131[14]{15][16][17])

Diagnosis Etiology Symptoms Signs Risks pH Value
Anaerobic Fishy odor;
. malodorous; .
bacteria Increased risk

homogenous; clear,

(Prevotella, : of HIV,
. . white, or gray greater
Bacterial Mobiluncus, . . . gonorrhea,
. . discharge that may No inflammation. . than
vaginosis Gardnerella chlamydia,
. worsen after 4.5
vaginalis, . . and herpes
intercourse; pelvic . .
Ureaplasma, . infections.
discomfort may be
Mycoplasma)
present.
No odor; white, Sians of
. Candida albicans, thick, cheesy, or . 9 .
Vulvovaginal . . . ] inflammation; .
S Candida krusei, curdy discharge; vulvodynia 4.0
candidiasis . o Vulvar erythema
Candida glabrata vulvar itching or
. and edema.
burning.
Trichomoniasis Trichomonas Green or yellow, Signs of Increased risk  5.0~6.0
vaginalis frothy discharge; inflammation, of HIV
foul odor; pain with “strawberry infection
sexual intercourse, cervix”; Increased risk
Keilerences
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Diagnosis Etiology Symptoms Signs Risks pH Value
vaginal soreness, Vestibular of preterm
dysuria. erythema may labor.
be present. Should be n.

screened for

other sexually
transmitted re- and
infections.
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FarRACAEIRASIMnd 1RES Dol Alintrs (HHIFRRRGHR Ay iShermag M.E.. Morera, L.A.;
Schiffman, M. Epidemiologic determinants of vaginal pH. Am. J. Obstet. Gynecol. 1999, 180,

Treatment
Initial Regimen Alternative Regimen
Metronidazole (Flagyl), 500 mg H: Why
orally twice daily for seven days Tinidazole (Tindamax), 2 g orally once daily for
Or Metronidazole 0.75% gel two days or Tinidazole, 1 g orally once daily for
Bacterial (Metrogel), one full applicator (5 g) five days Gorle,
vaginosis intravaginally daily for five days Or Clindamycin, 300 mg orally twice daily for Natl
Or Clindamycin 2% cream, one full seven days or Clindamycin (Cleocin Ovules), '
applicator (5 g) intravaginally at 100 mg intra-vaginally at bedtime for three days
bedtime for seven days
initis:
Vulvovaginal Topigal azole therapy or Flucqnazole _
candidiasis (Diflucan), 150 mg orally, single Medical-grade honey (MGH)
dose -
cific
Metronidazole, 2 g orally, single or 183, 74,

Metronidazole, 500 mg orally twice daily for

Trichomoniasis divided dose on the same day seven days

Or Tinidazole, 2 g orally, single dose
9. Nugent, R.P.; Krohn, M.A.; Hillier, S.L. Reliability of diagnosing bacterial vaginosis is improved by
a standardized method of gram stain interpretation. J. Clin. Microbiol. 1991, 29, 297-301.

ll)zlnl-ﬁ:fé %@Weﬁﬁﬁhﬁ% .iﬁ-)'ﬁe'kisH’.C.; Witkin, S.S. Contemporary perspectives
on vaginal pH and lactobacilli. Am. J. Obstet. Gynecol. 2011, 204, 120.e121-120.e125.
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wittbg&?léflwslgg@.aturally neutral pH is equal to 7, but the normal vaginal pH ranges between 3.8 and 5.0,
which is moderately acidic 2 A lower pH value (more acidic) in the vagina than the blood or interstitial fluids can
LeoReNARSRaGoE HBH YARBGERIR SFHi LIRS f ARNOITA \ARPIA Pt REFHY ‘RekafRiSalhlbnditions,
inclgé?ﬁéeéggx%ﬁ%q)Ih)%ggt?or?}l’aﬁ%?_dﬁﬁ;?’diet, and safe intercourse. The vaginal pH value is age-dependent.
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hea'ﬁ%}_vﬁagal pH is characterized by the metabolism of Lactobacillus acidophilus and other endogenous flora,
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VagithingtioveRirlisabs2tfedheDisPMidiet. Sphkieess 2005, 1Be 31vagnal  ecosystem.  Of  those
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ion§([)1—816 Tgwf ngl_tﬁ(}his metabolism is an acidic pH of 4-4.5, and the resulting acidic vaginal environment

provides a protective effect. It creates a barrier that prevents unhealthy microbiome from multiplying too quickly

18 -8R BirteciIRSPRe WhYaRQNHigid R dspten By ieiRR LAk Lif3u80/agte? pH and may be used to

1SIRABIRS @B PIRISACR o bERLFIab PRBRSBHTS 2. Walkis, VeToRBNSE], HaWSRole Br piFitem Aludipsidiaye
conpEYRTEINGhIBIBIEIGREA EnARsHHHRNMRNARRYARAREY ¥8900%2 (B\hantbspontaneous preterm deliveries

(PD) in pregnant women (21, Based on the above research, we know that vaginal pH value has a profound impact
20 GENOYE Ges) MonmhRi uia o fev& BURR AN F tharRYe i MEYLA RIEAS A DMAIKEIIQL RAFIHHGnt
infe%%plogens and menopausal status. Am. J. Obstet. Gynecol. 1997, 176, 1270-1275; discussion
1275-1277.

Jnagiors That Cause iImbalanges in the Magina! pHymacho, K.G.: Moreira, M.E.: Braga, A. Basic
in Yasinal pH, hacterial vadinosis and aerobic vaginiis: Prevalence in early pregnaney and risk of
suct P RN R Sl R Y R & QRRE B Ky 103 I 805108 ROGIIC AN yyitiethnic South
American population. BMC Pregnancy Childbirth 2014, 14, 107.
2oNmpRkedGantR pelayieteandad F‘?F%‘Pm%@%éﬁﬂiﬁékﬁ'dl%H&\ﬁéﬁ%‘?ﬁ.@WYf@@Pwiﬂ@DH

valyasef approximately 8.0. and can alter the vaginal pH during unprotected intercourse. Semen can trigger the

growth of bacteria that can act as a physiological buffer [22. Thus, unprotected sex can significantly alter the
RNt VR AL B O oW ke bR AR 1YY A AOFRRUR b 1 B A Yl BUIEI Wotected

ca&a ity of human semen. Fertil. Steril. 1986, 46, 114-119.
against inte tion.

24. Nakra, N.A.; Madan, R.P.; Buckley, N.; Huber, A.M.; Freiermuth, J.L.; Espinoza, L.; Walsh, J.;
Antibigigh CenNnhible RASEIak oz e Kil/PSteiaio | tnss bAisHatd64eMTan e dibifsivipgine, antibiotics
areﬂﬁﬂgf@l@l}té@%@ﬁ&%é‘i‘gi\'}‘jtiﬁ@%féf‘@@ﬂ@tﬁ% }f@@u@ﬁqtlics that kill harmful bacteria also kill good

bacteria that maintain a healthy, more acidic vaginal pH value. However, for patients with severe symptoms,
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26. Tempera, G.; Furneri, P.M. Management of aerobic vaginitis. Gynecol. Obstet. Investig. 2010, 70,
Undernopmgl circumstances, the vagina has a self-cleaning function. It does not require any special procedures or

solutions beyond normal bathing with clean water. Excessive cleaning or douching of the vagina can not only rinse

2L Rven B Lo RInvVASAN, Sy biedieh Tl Marrazze iV for WG Sa DoNsima el ok Ranid-and,

sudn MOARGILLS I the,vaginal Mictobiota following A URIANG B B e QA EHR) VALNOS i),

pre!gr}lfaer%y [gtl)srﬁp%i%%t?dnzs}%hgge%gﬁ%%rvical cancer [28l2930131] Thys, the risks of vaginal lavage are far greater
28ad Hangenkfitfhomas, A.G.; Leybovich, E. Vaginal douching and adverse health effects: A meta-

analysis. Am. J. Public Health 1997, 87, 1207-1211.
Women'’s menstrual cycles are strictly controlled by endocrine, autocrine, and paracrine factors that modulate the
2R P o T AR RS MY R s Fere A R Rt imeRy e SER Y KA Bluring
me g 89 G ol I G i o PV S S e G Rtk MRS Phnisansr et
andggi%_%gr;ace. The menstrual blood is slightly alkaline and can cause the vaginal pH to rise. Menstrual cycle
ADsGdbslespsed Dalogndral jiiShelgaehis, Addiideiss . SoovéamgtiSned @raystenménktvayimadd, will also
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vadiiifs 22, For women with a normal, active menstruation cycle, the vaginal pH is typically between 3.8 and 5.0
31 MARIRG: SV eB R S8 ARSI SRS, BARGeH Ce for RS Se B nen %dté"v'v‘é‘@r{]%‘éhe?ﬁneé’&'ﬁ%‘. of
abrEbrpc?é R\']'OIT rﬁ es\ybeBIfrEIX’ rilﬁg\fll)éﬂl.gh vaginal pH may also result in susceptibility to BV ==,

:12%\:I\rr;%rﬁlI?giggﬁigl\é%ttﬁpgaﬁétghe normal menstrual cycle in women. Anim. Reprod.

38 WAMEN; XRAtEIYCE WHIRGNE. Vaging! SYBRIomS 19ueh @s;itkhiag FoTRingnteteleasRNbragiaahedor, or abnormal
vagyRirdiepyargeniseMBEIBRYCREhEP IipFhiNed S3@iE PRI tHevrEaAialteG L RitaPPHaRI MO THO ISR

(FDAvonetesdirainfsctem el b Lsrsiand temoatg®me tests will not help diagnose HIV, chlamydia, herpes,

390n§rrh§_a, ?/phlgisbor grogp B %reptocogcusé@.l\}lt is&:lelar thaﬁl_clin_icians %re%jﬁ/ usde_ vagigal \?VH testilgg to help
. brapin, L., RODerts, o.A., rotner, E.; Mandal, D.; Higgins, S.P.; naiok, o,; Wwood, F.;

é‘fa nose the causes otf vagl'r??tls [i?“%? With the ‘increasing (E()emang%r se%—dlagnogs anoll( self‘treatmeht, pH tests

arnard, G.; K'¥chener, H.C. Factors %ﬁefﬂngavagmal PH' levels among female adolescents
allow women to self-manage some of their healt re.~This review details the”use of such self-test tools for
attendin %enltourlnar medlézlne clinics. Sex. Transm. Infect. 2005, 81, 483-487.
screening purposes and recommends their use as a rapid, simple, and effective’ early screening tool.
35. U.S. Food and Drug Administration. Vaginal pH. Available online: https://www.fda.gov/medical-

Thejkhigeia/TeueE-Sed-Testig dgirar-agaat é¥estipp 7 (Skrtiamiseepdn®) . Taipei, Taiwan; MHW Medical

Device Manufacturing No. 006714) uses a vaginal applicator that includes a bromocresol green pH indicator

36. Touch, H. Hergela—Screening Kit for Vaginal Ionfec ions. Available online:
embeéjé:ed into a b compati%le grip.gl'ms test sﬁgms assem Iela from a pH test paper and a biocompatible plastic

sticﬁ.tt%{l/m '%elrrgseej%é%om{)emiem\j/ee@)](lhhgnt})l g%ﬁ(e:gts gesdar%glg,oa‘]nlén%enogﬂg\'med to rest for 1 min to allow the
3ecRiteynexiddé GEHIRET DDS IR @Dl Strisvaialdenditine pH level and can help distinguish the cause
of ihfigpsorinive vy Gapshtzexitoms; dtadegiacote/i¢hooesss drort@ondereetRi6 2kyice has been registered with the
Rétrié. from https://encyclopedia.pub/entry/history/show/37190

Another product on the market, the Biosynex Exacto 3 vaginal infection test 27, has demonstrated reliability and
accuracy (90%). It is easy to use, can produce immediate results, and is suitable for the preliminary diagnosis of
vaginal infection. This product provides straightforward vaginal contact sampling and presents rapid, easy-to-
interpret, and simple color-coded results. There are several other commercially available vaginitis self-diagnostic
devices summarized in Table 3.

Table 3. Summary of commercially available vaginal self-test products.

Brand Hygeia Touch Biosynex FloriSense Monistat
r /',.
Appearance - f -
-ﬁ : -

Accuracy 88% 90% 92% 92%

Test/pack 1 3 2 2
Advantage The double-layer Because there are 3 Reliable accuracy Effective for the

structure is optimized tests in each box, is over 90% and diagnosis of yeast-
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Brand Hygeia Touch Biosynex FloriSense Monistat tage. The
for product safety and there is an advantage product is easy to based vaginal dth
ease of use. in quantity. read. infections ', and the
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plastic makes it comfortable and safe for use. The appropriate use of these devices allows patients to monitor the
disease course and select the correct over-the-counter (OTC) antifungal drugs, which the FDA approved in 1990.
These products can be used by patients themselves, enhance the caution of vaginal health, and facilitate the

maintenance of vaginal pH and overall health.
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