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ABSTRACT

Objective: The aim of this study was to identify women at risk of spontaneous preterm birth
through a 4-category Gram-stained vaginal smear method and to examine the diagnostic
accuracy of this classification in relation to the occurrence of preterm delivery.

Patients & Methods: This was a prospective study correlating first trimester Gram-stained
vaginal smears with spontaneous preterm birth. Smears were categorized as normal, bacte-
rial vaginosis-like, grade I-like (atypical gram-positive rods) or purulent grade | (lactobacil-
li-dominated smears showing heavy leukorrhea of unknown cause).

Results: Abnormal Gram stain vaginal smears were associated with more than 5 fold in-
crease in the odds of having a preterm birth when applying the modified 4 category scoring
system. The presence of bacterial vaginosis (BV) like, Grade I-like and Grade I-PNL were
associated with a significant increase in the odds of preterm labor (4, 7.8 and 6.1, respec-
tively).

Conclusion: Pregnant women with abnormal Gram-stained vaginal smear have a higher
risk of preterm labor. Also, the modified 4-category Gram-stained vaginal smear classifica-
tion is a useful tool in predicting preterm labor.
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INTRODUCTION

Preterm birth is defined as delivery of an infant before 37 weeks’ gestation. Preterm birth
is a serious problem occurring in 11% of all pregnancies. (1) It remains a leading cause of
neonatal mortality and morbidity. (2) Bacterial vaginosis (BV) is a vaginal condition that can
produce vaginal discharge and results from an overgrowth of certain types of bacteria that
naturally exists in the vagina. BV, as well as other infections, had been found to be associ-
ated with an increased risk of preterm delivery in many studies. (3-5) BV had been shown
to exist in almost 20% of pregnant women, however, most cases remain asymptomatic, and
not all women with the condition will deliver prematurely. (6)

Various tests as Amsel’s criteria, gram staining, oligonucleotide probes and culture of or-
ganisms of bacterial vaginosis can be used for the diagnosis. (7) The Nugent scoring system
of a vaginal Gram stain is the most commonly used classification of vaginal microflora
status. (8) Other classifications as that by Ison and Hay had also been validated and gained
popularity. (9) However, these scoring systems may not reflect the diversity and complex-
ity of the vaginal microflora. (10, 11) Meanwhile, a number of studies had found that other
nonbacterial cell types may be involved in the vaginal inflammatory response that could
trigger preterm labor. (12, 13)

In 2007, Verstraelen suggested a modified 4-category Gram-stained vaginal smear classifi-
cation to identify women at risk of spontaneous preterm delivery. (11) The aim of this study
was to identify women at risk of spontaneous preterm birth through the modified 4-cat-
egory Gram-stained vaginal smear method, proposed by Verstraelen, and to examine the
diagnostic accuracy of this classification in relation to the occurrence of preterm delivery.

MATERIALS AND METHODS

This prospective study was conducted at the outpatient obstetric clinic in Mansoura Uni-
versity Hospital during the period from May 2008 to December 2010. It included 264
pregnant women, 5 cases were excluded due to spontaneous abortion, so the total number
in this study was 259 pregnant women. A written informed consent was taken from all
pregnant women in this study. Gestational age was calculated from the first day of the last
menstrual period and confirmed by early ultrasound examination.

The exclusion criteria included: previous preterm labor, documented infection, multiple
pregnancy, diabetic patients and women who received antibiotic or antifungal (local or
systemic) treatment during pregnancy before sampling.
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Each pregnant woman was subjected to Vaginal sample during
her first trimester by inserting a sterile cotton-tipped wooden swab
into the vagina for the purpose of vaginal microflora status assess-
ment .The swab was rolled round through 360 degrees against the
vaginal wall at the vault and carefully withdrawn to prevent con-
tamination. Swabs were then smeared on a plain glass slide and
air-dried at room temperature and heat fixed. Then, slides were
Gram stained and examined under oil immersion lens at X100
magnification.

Accordingly, Gram-stained vaginal smears were categorized as
normal, bacterial vaginosis-like; grade I-like (atypical gram-posi-
tive rods) or purulent grade [ (lactobacilli-dominated smears show-
ing heavy leukorrhea of unknown cause).

We found that Grade I-like smears resemble grade | smears at first
glance; however, they show predominantly atypical gram-positive
rods, in particular curved or irregularly shaped (bifido- or cory-
nebacterioform) gram-positive rods, that cannot be categorized as
Lactobacillus (or as Bacteroides , Gardnerella or Mobiluncus) cell
types and, therefore, these smears could not be assigned an Ison-
Hay score.

The purulent grade | smears (grade I-PMN) were found to have
heavy leukorrhea with neutrophils (PMN) in the presence of nor-
mal numbers of Lactobacillus spp. with absence of pathogens such
as Candida spp. Accordingly, these smears would be considered
normal according to Nugent_ or Ison and Hay. They show large
numbers of neutrophils and hence an inflammatory response of
unknown cause.

Following blinded allocation of each vaginal smear to 1 of the
4 categories, a comparison was made between patients with an
‘abnormal Gram stain’ (BV-like, grade I-like or grade I-PMN,) and
those with a ‘normal Gram stain’ (grade ). Other clinical data in-
cluding maternal age, weight and height, obstetric history mode of
conception and any special habit, as smoking, were collected in
a routine manner. Also, basic investigations during antenatal care
such as complete blood picture, Rh factor, blood glucose level and
urine analysis were done to all women in this study.

Spontaneous preterm birth is defined as birth before 37 completed
weeks of gestation (delivery between 25 and 36 weeks + 6 days)
following spontaneous onset of labor or rupture of membranes.
The obstetric outcome was assessed using the mean birth weight
(low birth weight was defined as <2500 g) and gestational age at
delivery. Outcome was recorded as early miscarriage (EM) if was
<13 weeks or late miscarriage (LM) if was between 14 and 24
weeks.

Statistical analysis

Continuous variables were compared with the independent sam-
ples test. Categorical variables were compared with ordinary chi-
square tests. For any reported measure, statistical significance was
accepted, as the 2-tailed probability level was < 0.05. All statisti-
cal analyses were performed using the statistical software package
SPSS v16.0 (SPSS, Inc, Chicago, IL).

We calculated the sensitivity, specificity, positive and negative
predictive values, likelihood ratio for a positive and a negative test
result and odds ratios. Calculations were performed using Meta
Disc software (version 1.4). Ninety-five percent confidence in-
tervals are also reported. Positive likelihood ratios above 10 and
negative likelihood ratio below 0.1 have been noted as providing
evidence of high diagnostic accuracy, whereas those above 5 and
below 0.2 give evidence of moderate diagnostic accuracy.

RESULTS

From the 259 women, one vaginal smear was obtained during
the first trimester. Basic characteristics of the study population are
shown in Table 1. None of the participants reported smoking.

Tablel: Basic clinical characteristies of the study population (n=259)

Without Without
spontaneous | spontaneous P val
preterm birth | preterm birth value
(N =236) (N =23)
Maternal age mean
271 x50
(years) + SD 25.3+ 4.1 0.10
Body mass index mean
(kg/m2) + 5D Az 30.1:2.4 0.11
Pari + 5D
il ks St 2.1+1.9 0.38
Infertility treatment % (n) 4%(10) 8%(2) 0.07
+ ve Gram stain i
ety 70%(16) <0.001

From the 259 women, 66 % presented with grade | microflora
on each occasion (171/259), 18.5% of the women (48/259) had
BV-like microflora, 6% grade I-like microflora (16/259), while
9.2%(24/259) showed heavy vaginal leukocytosis (grade I-PMN).
Seven women from the group of women with lactobacilli-domi-
nated microflora in the absence of leukorrhea had preterm birth
(7/171). Preterm birth was observed in 7 ladies with BV-like mi-
croflora (7/48), 4 ladies of those with grade I-like microflora (4/16)
and 5 from women who showed an episode characterized by a
purulent grade I stain (5/ 24).

The sensitivity, specificity, +ve likelihood ratio (+LR), —ve likeli-
hood ratio (-LR) and odds ratio (OR) for the classification compared
to women with lactobacilli-dominated microflora (normal Gram
stain) are shown in table 2.

Table 2 shows a remarkable increase in the sensitivity of the 4-cat-
egory Gram stain scoring method for the prediction of preterm birth
from 50%, when only accounting for BV-like microflora, and up to
69% when taking into account the two other categories grade |-like
and grad I-PNL. Meanwhile, the overall presence of an abnormal
Gram stain was associated with more than 5 fold increase in the
odds of having a preterm birth compared to women with lactoba-
cilli-dominated microflora in the absence of leukorrhea (table 2).
The presence of Grade I-like and Grade I-PNL were associated
with a significant increase in the odds of preterm labor (7.8 and
6.1, respectively). The +LR and the —-LR for the abnormal Gram
stains were 2.5 and 0.62, respectively.

Table?: Diagnostic accurcy of the modified classification of Gram-stained vaginal smears in relation to the
occumrence of pretemm delivery.

. Sensitivity | Specificity] +LR -LR OR
Gram stain category | “gsoucl) | (959%CH) | (95%Ch | (95%CH) | (95%CH)
BV-like 0.50 0.80 2.50 0.62 4.00
{0.23-0.77) (0.73-0.85) | (1.38-4.51) | (0.36-1.06) | (1.32-12.04)
] : 0.36 0.93 5.33 0.68 7.81
Grade1ike (0.10-0.69) (0.86-0.94) | (2.05-3.84) | (0.43-1.06) |(2.00-30.46)
, 0.41 0.89 4.01 0.65 6.16
Grade FPMN (0.15-0.72) (0.84-0.93) | (1.81-8.87) | (0.40-1.05) | (1.78-21.39)
g 0.69 0.69 2.280 0.43 5.20
Apneserat Cyam clai (0.47-0.86) (0.63-0.75) | (1.63-3.17) | (0.23-0.81) | (2.05-13.209

* Positive likelihood ratio (+LR)
* Negative likelihood ratio (-LR)
* Odds ratio (OR)
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DISCUSSION

For decades, the important objective of reducing the preterm birth
(PTB) rate has presented a challenge. In the past two decades, BV
has been consistently associated with adverse outcomes of preg-
nancy. (14) Specifically, BV has been shown to be associated with
a two-fold increase in risk for preterm delivery. (5)

Bacterial endotoxins cause activation of decidual cells, macro-
phages, lukocytes and monocytes which in turn cause the secre-
tion of cytokines, chemokines and phospholipase A2 that activate
cascades leading to labor (ILI, 6 and 8, TNFa). Inflamation, pros-
taglandin release and preterm activation of fetal hypothalamo-
pituatry-adrenal (HPA) endocrine cascade occurs as a result. The
cumulative effect of this results in preterm labor. (15)

The aim of this study was to identify women at risk of spontaneous
preterm birth through a 4-category Gram-stained vaginal smear
method and to examine the diagnostic accuracy of this classifica-
tion in relation to the occurrence of preterm delivery. Our findings
had shown that extending the spectrum of vaginal Gram stain di-
agnosis may identify a much higher proportion of women at risk of
spontaneous preterm birth than has been reported.

Our results also agree with the findings from many studies. (3) (4)
(16) On the other hand, the results of our study are in disagreement
with the findings from a recent study who denied the association
between preterm labor and bacterial vaginosis. (17)

It has been suggested that ‘abnormal vaginal microflora” probably
encompasses a wide range of changes in microflora (not confined
to bacterial vaginosis) though few investigators seem to have ad-
dressed this issue. (10) (12) In our study we found that abnormal
Gram stain vaginal smears were associated with more than 5 fold
increase in the odds of having a preterm birth when applying the
modified 4 category scoring system. The group of patients with
grad |- like microbacilli and those with grad 1- PNL had shown a
significant increase in the odds of preterm labor. Our results are
consistent with the findings by Verstraelen and his colleagues. (11)
On the other hand, the +LR and the —LR, of an abnormal gram
smear, indicate the low accuracy of the test in the prediction of
preterm labor. This discrepancy between the significant increase
of odds ratio and the low performance of the test could be due to
the small sample size in our study as the likelihood ratio takes into
account the prevalence of the condition in the population. This
is consistent with current evidence where screening for bacterial
vaginosis is only offered to high risk group where it is useless in the
general low risk population. (18) The population in our study was
a low risk population.

Although, in this study, each pregnant woman was subjected to
Vaginal sample during her first trimester only our results were
comparable to that of Verstraelen et al, 2007 study who collected
vaginal samples during first and second trimester from all pregnant
women. (11)

Our study had a restrictive inclusion criterion that was designed to
test our aim. This may be considered as a drawback as other inde-
pendent important risk factors had not been tested especially a past
history of preterm labor. A larger study with more flexible inclusion
criteria may provide a better platform to examine predisposing fac-
tors for preterm labor.

To sum up, pregnant women with abnormal Gram-stained vagi-
nal smear may have a greater risk of preterm labor than pregnant
women with normal Gram-stained vaginal smear. The modified
4-category Gram-stained vaginal smear classification is a useful
tool in predicting preterm labor.
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