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Abstract 
 
Bacground/Aim. Vaginal and cervical swab culture is still 
very common procedure in our country’s everyday practice 
whereas simple and rapid diagnostic methods have been very 
rarely used. The aim of this study was to show that the em-
ployment of simple and rapid diagnostic tools [vaginal fluid 
wet mount microscopy (VFWMM), vaginal pH and potas-
sium hydroxide (KOH) test] offers better assessment of vagi-
nal environment than standard microbiologic culture com-
monly used in Serbia. Methods. This prospective study in-
cluded 505 asymptomatic pregnant women undergoing 
VFWMM, test with 10% KOH, determination of vaginal pH 
and standard culture of cervicovaginal swabs. Combining 
findings from the procedures was used to make diagnoses of 
bacterial vaginosis (BV) and vaginitis. In addition, the number 
of polymorphonuclear leukocytes (PMN) was determined in 
each sample and analyzed along with other findings. Infec-
tions with Candida albicans and Trichomonas vaginalis were con-
firmed or excluded by microscopic examination. Results. In 
36 (6%) patients cervicovaginal swab cultures retrieved sev-
eral aerobes and facultative anaerobes, whereas in 52 (11%) 
women Candida albicans was isolated. Based on VFWMM 
findings and clinical criteria 96 (19%) women had BV, 19 
(4%) vaginitis, and 72 (14%) candidiasis. Of 115 women with 
BV and vaginitis, pH 4.5 was found in 5, and of 390 with 
normal findings 83 (21%) had vaginal pH 4.5. Elevated num-
bers of PMN were found in 154 (30%) women – in 83 (54%) 
of them VFWMM was normal. Specificity and sensitivity of 
KOH test and vaginal pH determination in defining patho-
logical vaginal flora were 95% and 81%, and 79% and 91%, 
respectively. Conclusion. Cervicovaginal swab culture is ex-
pensive but almost non-informative test in clinical practice. 
The use of simpler and rapid methods as vaginal fluid wet 
mount microscopy, KOH test and vaginal pH offers better 
results in diagnosis, and probably in the treatment and pre-
vention of sequels of vaginal infections. 
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Apstrakt 
 
Uvod/Cilj. U postojećim uslovima rada u kliničkoj praksi zas-
tupljeno je korišćenje skupog testa kulture cervikovaginalnog 
brisa i pored postojanja bržih i jednostavnih metoda u otkriva-
nju vaginalnih infekcija. Cilj ove studije bio je da se pokaže da 
uvođenje jednostavnih i brzih dijagnostičkih postupaka: mikro-
skopski pregled nativnog preparata vaginalnog sekreta 
(MPNPVS), pH vagine i test sa kalijumom hidoksidom (KOH) 
test omogućava bolju procenu stanja vaginalne flore od sta-
ndardne mikrobiološke kulture koja se često koristi u Srbiji. 
Metode. Ovim prospektivnim istraživanjem obuhvaćeno je 
505 asimptomatskih trudnica kod kojih je rađen MPNPVS, test 
sa 10% KOH, određivan pH vagine i standardna kultura cervi-
kovaginalnog brisa. Kombinujući rezultate ovih procedura pos-
tavljana je dijagnoza bakterijske vaginoze (BV) i vaginitisa. Isto-
vremeno određivan je broj polimorfonuklearnih leukocita 
(PMN) u svakom uzorku i analiziran zajedno sa ostalim nala-
zima. Na osnovu mikroskopskog nalaza potvrđivana je ili is-
ključivana infekcija Candidom albicans i Trichomonas vaginalisom. 
Rezultati. Kod 36 (6%) trudnica kulturom cervikovaginalnog 
brisa dobijeno je nekoliko vrsta aeroba i fakultativnih anaeroba, 
dok je kod 52 (11%) žena izolovana Candidia albicans. Na osno-
vu MPNPVS i kliničkih kriterijuma 96 (19%) žena imalo je BV, 
19 (4%) vaginitis, i 72% (14%) kandidijazu. Od 115 trudnica sa 
BV i vaginitisom, pH 4,5 nađen je kod 5, a od 390 trudnica sa 
normalnim nalazom njih 83 (21%) imalo je pH 4,5. Povećan 
broj PMN nađen je kod 154 (30%) žena, a kod njih 83 (54%) 
MPNPVS bio je normalan. Specifičnost i senzitivnost KOH 
testa i pH vagine u proceni stanja vaginalne flore iznosili su 
95% i 81%, odnosno 79% i 91%. Zaključak. Kultura cerviko-
vaginalnog brisa je skup i najčešće nekoristan test u kliničkoj 
praksi. Upotreba jednostavnih i bržih metoda kao što su mi-
kroskopski pregled nativnog preparata vaginalnog sekreta, test 
sa KOH i određivanje pH vagine daju bolje rezultate u dijagno-
zi, kao i prevenciji i lečenju posledica do kojih vaginalne infek-
cije mogu da dovedu. 
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Introduction 

Some 15 years ago Wiesenfeld and Macio 1 drew atten-
tion to a surprisingly rare use of simple tests like vaginal fluid 
wet mount microscopy (VFWMM), 10% potassium hydroxide 
(KOH) test, and vaginal pH as well as a relatively high propor-
tion of patients (17%) sampled for vaginal swab culture de-
spite its unproven value in the diagnosis of common vaginal 
infections. Vaginal and cervical swab culture is still very 
common procedure in our country’s everyday practice where-
as simple and rapid diagnostic methods have been very rarely 
used. Newer culture-independent techniques have shown that 
vagina hosts more than 300 different microorganisms of which 
over 95% cannot be cultured 2–5. It is not surprising if we take 
into account the fact that a microorganism has been displaced 
from its natural habitat where it has optimal amounts of nutri-
ents and oxygen, optimal temperature and pH, and the pres-
ence of other microorganisms, into an artificial environment. 
Hence, the standard microbiological cultivation (with no use 
of special transport and growth media, anaerobic conditions, 
cocultivation etc.) results in the selection of rare microorgan-
isms capable of surviving new harsh growth conditions. Con-
sequently, aerobic and facultative anaerobic organisms are 
commonest growths of cervical and vaginal swab cultures al-
though it is well-known that vagina is colonized mostly by an-
aerobes in the ratio 10 : 1 6–9. 

The aim of the study was to show that cervical and vag-
inal swab culture has no value in everyday clinical practice, 
and that the routine use of straightforward procedures 
(VFWMM, vaginal pH and KOH test) may result in the bet-
ter diagnosis of vaginal infections and prevention of serious 
complications that may follow 10–14. 

Methods 

This prospective study included 505 pregnant and asymp-
tomatic women (24–28 week of pregnancy) seen during a regu-

larly planned appointments. A swab was taken from both the 
cervical canal and vaginal side wall, put into a sterile dry tube, 
and transported to the laboratory within 3 hours. Chocolate agar 
was used as growth medium. The second swab taken from the 
vaginal side wall was smeared onto a slide, covered by a drop 
of saline, and the mount viewed under a phase-contrast micro-
scope (magnification 400). After completion of VFWMM, a 
drop of 10% KOH was dripped onto one end of the mount in 
order to check for the presence of yeasts. All the patients un-
derwent 10% KOH test and in all vaginal pH was determined 
by a test strip (Merck pH, range 4.0 to 7.0). The predominance 
of lactobacilli over small bacterial forms (SBF), negative KOH 
test, and vaginal pH  4.5 were considered normal findings, ir-
respective of the polymorphonuclear (PMN) numbers (Figure 
1a). The diagnosis of BV was made in patients whose VFWM 
had more SBF than lactobacilli (irrespective of the presence of 
clue cells), normal PMN numbers, and in those with pH  4.5 
and/or positive KOH test (Figures 1b and 1c). In contrast to 
Amsel’s criteria, the presence of clue cells and abnormal ho-
mogenous off-white vaginal discharge were not considered ob-
ligatory criteria for the diagnosis of BV 15. In patients with the 
predominance of SBF, elevated PMN numbers and pH  4.5, in 
whom infections with Candidia albicans (10% KOH) and Tri-
chamonas vaginalis had been excluded, the diagnosis of vagini-
tis was made (Figures 1d, 2a-d). The term aerobic vaginitis is 
not used as the diagnosis was not made on the basis of the 
original Donder’s criteria 16. The PMN number was as-
sessed semi-quantitatively on at least 10 fields of view 
(FV) at 400 as follows (Figure 3): group 0 – PMN absent 
or much less numerous than epithelial cells (EC); group 1 – 
PMN seen on more than 50% of FV but their numbers still 
less than that of EC; group 3 – PMN seen on most FV and 
their numbers equal or higher than the numbers of EC; 
group 4 – PMN seen on most FV and their numbers much 
higher than the numbers of EC. The groups 0 and 1 were 
considered normal according to the PMN number, and the 
other two groups were considered pathological. 

 

  
Fig. 1 – Vaginal fluid wet mount microscopy.  

a) Normal flora: predominance of lactobacilli over small bacterial forms (SBF); b) Bacterial vaginosis (BV): “clue cells”; c) BV, “clue cells” absent, 
predominance of SBF, polymorphonuclear (PMN) numbers normal, pH > 4.5; d) vaginitis: predominance of SBF, elevated PMN numbers, pH > 4.5. 
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Fig. 3 – Vaginal fluid wet mount microscopy: large numbers 

of polymorphonuclear leukocytes (PMN) accompanied by 
the normal number of Lactobacilli. 

 
 
Results 

Cervicovaginal culture and vaginal fluid wet mount 
microscopy 

In 36 (6%) patients cervicovaginal swab cultures re-
trieved the following bacteria: Coagulase negative staphylo-
coccus (n = 11), Enterococcus (n = 8), Escherichia coli 
(n = 5), Staphylococcus aureus (n = 5), Streptococcus beta 
haemolyticus (n = 5), Streptococcus viridans (n = 1), and 
Proteus mirabilis (n = 1). In 24 (66%) of those 36 patients 
VFWMM was normal, vaginal pH was  4.5 and KOH test 
was negative (Figure 4). BV was diagnosed in 96 (19%) of 
the patients concomitant C. albicans in 28 (30%). Vaginitis 
was confirmed in 19 (4%) of the patients of whom 3 also had 
C. albicans (Figure 5). Solely one of 19 patients with vagini-
tis had normal vaginal pH, and KOH test was positive in 
12/19 patients. Of 72 patients in whom we microscopically 
observed C. albicans, 41 had normal background flora, i.e. 
the majority of bacterial forms were Lactobacilli. 

 

 
Fig. 2 – Vaginal fluid wet mount microscopy.  

a)Vaginitis: predominance of SBF, elevated polymorphonuclear (PMN) numbers, pH > 4.5; b) Candida albicans with bacterial vaginosis; c) Candida albicans 
with normal flora; d) Trichomonas vaginalis with bacterial vaginosis. 

 

Fig. 4 – Patients with sterile and culture-positive cervicova-
ginal swab cultures; the latter subdivided into those with 

normal vaginal fluid wet mount microscopy (VFWMM), po-
tassium hydroxide (KOH) test and vaginal pH, and those 

with at least one pathological of those tests. 
 

 
Fig. 5 – Proportion of women with positive vaginal fluid wet 

mount microscopy findings and diagnosis of bacterial 
vaginosis (BV), vaginitis, and isolated Candida albicans. 

 

Vaginal pH and KOH test 

Of 115 patients with BV and vaginitis, 5 had pH  4.5 
(false negative finding), whereas among 390 patients with 
normal findings, 83 had pH  4.5. False negative KOH test 
was found in 22 (of 115) patients, whereas 34 patients within 
the healthy group had a positive KOH test. Original authors’ 
criteria were used as gold standards and specificity, sensitiv-
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ity, positive and negative predictive values, and total preci-
sion for each of the two tests in relation to the two groups of 
patients were calculated. Similar values were obtained for 
both tests even when in both groups patients with C. albicans 
had been either retained or removed (Table 1). 

Polymorphonuclear leukocytes 

Pathological numbers of PMN were found in 154 (30%) 
patients, of whom 83 (54%) had normal and 71 (46%) patho-
logical VFWMM (Figure 6). Among the latter there were: 
BV (n = 10), BV + C. albicans (n = 14), vaginitis (n = 19) 
and C. albicans (n = 28). In 72 patients with the microscopic 
evidence of yeast infection, 45 (63%) had a pathological 
number of PMN, whereas within the group of patients with 
C. albicans and predominantly lactobacillar flora (41 pa-
tients), 28 (68%) had the elevated number of PMN. 

 
Fig. 6 –  Vaginal fluid wet mount microscopy (VFWMM). 
Proportion of patients with elevated polymorphonuclear 

(PMN) numbers and their subdivision into those with 
positive and negative findings on the vaginal fluid wet mount 

microscopy. 
 

Discussion 

More than 30 years ago Hammerschlag et al. 6, 7 pub-
lished results of vaginal swab microbiologic cultures in 
healthy, 2-month- to 15-year-old girls showing that vagina is 
colonized even at such an early age by a wide range of bacte-
ria and yeasts: Diphtheroids (78%), Staphylococcus epider-
midis (73%), α-hemolytic streptococci (39%), Escherichia 
coli (34%), Candida species (28%), Ureoplasma urealyticum 
(27%), Klebsiella (15%), Enterococcus species 10%, Group 
D streptococci (8.5%), Staphylococcus aureus (7%), My-
coplasma hominis (6%), Haemophilus influenzae (5%), 
Pseudomonas aeruginosa (5%), Proteus (5%). Methodologi-
cally similar studies on women in reproductive age, apart 
from the above bacteria, isolated, more or less frequently, 
other aerobes and facultative anaerobes (Peptostreptococcus, 
Gardnerella, Bacteroides, Veillonella, Bifidobacterium, etc.) 
9. We cultured similar bacteria. Isolation of any of the bacte-

ria cannot be automatically regarded a cause of any signs or 
symptoms of the patients.  It is clear from our study (Figures 
4 and 5) that if relied on cervicovaginal swab cultures only, 
most women with pathological vaginal findings would have 
been undiagnosed and untreated. On the other hand, some 

patients with normal vaginal flora would be probably, due to 
isolation of a bacterium, unnecessarily treated. Thus, in prac-
tice we would have better results if we based our diagnosis 
on the examination under a speculum (precision 30%) than if 
culture results guided our treatment decisions. Let us discuss 
the value of these methods in specific vaginal conditions. 

 
Table 1  

Characteristics of two simple and rapid bedside tests [vaginal pH and potassium hydoxide (KOH) test] in the diagnosis of 
abnormal vaginal conditions as compared against vaginal fluid wet mount microscopy (VFWMM) 

Test True positive False positive Sensitivity Specificity PPV NPV TP 
pH 4.5 110 83 95% 79% 56% 98% 83% 
KOH 93 34 81% 91% 73% 94% 89% 

PPV – positive predictive value; NPV – negative predictive value; TP – total precision. 

Bacterial vaginosis. In contrast to most infectious dis-
eases that we diagnose by isolation or identification of spe-
cific microorganism, commonly without its quantification, in 
this polymicrobial condition we cannot pinpoint a single or-
ganism so that culture findings (including isolation of 
Gardinerella vaginalis) are useless in the diagnosis of the 
syndrome. The simplest but very important step during the 
workup would be to perform in every woman, along with the 
routine gynecologic exam, the test with 10% KOH and to de-
termine the vaginal pH 17. As seen from our results, this sim-
ple addition would enable us to select, in the majority of cas-
es, women requiring further diagnostic workup. The workup 
generally means VFWMM or microscopy of Gram-stained 
samples, but not the cervicovaginal swab culture. In very few 
women the microscopic findings do not correlate with signs 
and symptoms and then we have to consider further micro-
biologic or molecular biologic tests in order to identify spe-
cific organisms like C. albicans, T. vaginalis, Neisseria gon-
orrhoeae. Considering a high prevalence of BV (12–50%), 
the fact that it is in half of cases completely asymptomatic 
but anyway may lead to serious complications, it is a high 
time to institute educational programs for our gynecologists 
to embrace VFWMM. In this way they may timely diagnose 
and treat BV, thus preventing its serious complications 8. 

C. albicans. In this study, with blood agar cultivation, 
C. albicans was isolated in 56 patients (not shown), whereas 
fungal elements were seen on VFWMM (10% KOH) in 72 
(14%) women. Obviously, special media are better suited for 
C. albicans isolation. It is known that some 15–30% patients 
have mixed infections. In line with this, 38% of our patients 
with BV had concomitant C. albicans. Moreover, as 63% 
women with C. albicans had elevated PMN numbers despite 
the fact that the majority (68%) had a predominant lactoba-
cillar flora, it is obvious that elevated PMN numbers necessi-
tate a search for C. albicans. 

Vaginitis. Many forms of vaginitis have been described 
in the literature so far, from aerobic, cytolytic, atrophic, des-
quamative, and inflammatory to ulcerative but here we de-
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cided to use simply the term vaginitis 18. The crucial single 
feature by which we may microscopically differentiate vagi-
nitis from BV is, in our opinion, elevated and normal PMN 
number, respectively. Of course, only after a prior exclusion 
of C. albicans and T. vaginalis infections. In both BV and 
vaginitis the bacterial background is very similar: more small 
bacterial forms than Lactobacilli. Microscopically during 
VFWMM it is impossible to make a distinction between the 
flora of BV (anaerobes, e.g. Atopobium vagine) and aerobic 
vaginitis (aerobes, e.g. Coccae). Moreover, Lactobacillus 
iners and Gardnerella vaginalis, the two most common 
bacterial species detected by molecular biological studies, 
are so similar phenotypically that cannot be differentiated 
on VFWMM under the 400 magnification. We also think 
that the presence of clue cells should not be a prerequisite 
for the diagnosis of BV during VFWMM as, by our experi-
ence, many women fulfilling other three Amsel’s criteria 
have no clue cells. This is probably the reason why the di-
agnosis of BV is made more frequently according to the 
Nugent’s criteria – most of the women are actually classi-
fied into the intermediary group 19. Moreover, in the study, 
18 of 19 women diagnosed with vaginitis had a pathologi-
cal vaginal pH strengthening the view that the microscopic 
examination is the only way to differentiate between BV 
and vaginitis. 

Polymorphonuclear leukocytes. Although it is a wide-
spread belief that PMNs seen under the microscope represent a 
form of inflammation, a disease, it is common to encounter 
many women with elevated PMN and normal numbers of Lac-
tobacilli. In our cohort of patients, 54% with elevated PMN 
had predominant lactobacillar flora. Verhelst et al. 20 have 
delineated a separate group of women in their new classifica-
tion of Gram-stained sample analysis (so-called Claeys’ cri-
teria). Their microscopic findings are characterized by a 
large number of PMN accompanied by a normal number of 
Lactobacilli (Figure 3). In our study 16% of the patients had 
such findings without detectable C. albicans confirming that 
this group of women should be paid a special attention in fu-

ture studies in order to find a cause of such unusual constel-
lation of microscopic findings. Finally, analysis of PMN 
should become a part of routine VFWMM. 

Until recently most of our knowledge about vaginal mi-
crobiology has come from studies based upon the culture. 
However, as about 95% of microorganisms within the vagi-
nal flora cannot be cultivated, other, mostly molecular biol-
ogy-based techniques are increasingly used to define vaginal 
microflora 21–23. These techniques will undoubtedly help us 
to understand dynamics and intricate interactions among the 
microorganisms in maintenance of healthy vaginal environ-
ment or development of pathological conditions. This will 
make us to redefine terms of normal and pathologic within 
the vaginal ecosystem 4–8. Bacterial communities should be 
analyzed not only qualitatively and quantitatively but also 
functionally so that we are able to define healthy vaginal 
microbiome of an individual woman (personalized medi-
cine). Till that time, for everyday practice, VFWMM 
and/or Gram-stained vaginal samples along with vaginal 
pH and KOH test should be routine methods to assess the 
vaginal flora and discriminate between healthy and dis-
eased. 

Conclusion 

Despite abundant evidence dispelling a reasonable 
value of culturing vaginal and/or cervical swabs in clinical 
practice, it is still by large the most frequent diagnostic pro-
cedure in this country, and, not uncommonly, a major tool 
to distinguish between normal and pathological vaginal 
flora. Yet, the deployment of only two simple tests (vaginal 
pH and KOH test) when there is no resources for micro-
scopic examination offer much better results than standard 
swab cultures. Moreover, the techniques are simple, rapid 
and inexpensive, and may be easily performed even in the 
setting of primary healthcare level. The wider use of the 
techniques would result in better management of vaginal 
infections and their consequences. 
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