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1. INTRODUCTION
Preterm labor (PTL) is the labor occurring before 37 com-
pleted gestational weeks that can lead to preterm birth (PTB).1 
PTB is a leading cause of neonatal deaths and different forms 
of neonatal morbidities, such as neurodevelopmental impair-
ments, cerebral palsy, retinopathy and bronchopulmonary 
dysplasia.2 PTB results from multiple etiologies and can occur 
either spontaneously, due to PTL or preterm premature rup-
ture of membranes (PPROM), or iatrogenic due to fetal and 
maternal conditions.2

PPROM is the spontaneous rupture of fetal membranes 
before 37 gestational weeks and before the labor onset and 
lead to PTB. In Egypt, a prevalence of 4.1% has been estimated 
for PPROM, with a global prevalence between 5% and 15%.3 
PPROM impact is greatest in low- and middle-income countries, 
where the majority of childhood deaths associated with prema-
turity occur.4

Infection is the most common maternal complications of 
PPROM, which in some cases can lead to maternal death. Fetal 
complications include infections and fetal distress, due to umbili-
cal cord compression, respiratory distress, necrotizing enterocol-
itis, and interventricular hemorrhage; in addition to long-term 
complications such as chronic lung diseases, developmental 
retardation, visual and hearing difficulties, and intellectual dis-
abilities. In few cases, fetal deaths may occur, with greater risk 
at earlier gestational age.5,6 These adverse outcomes of PPROM 
in PTL are highly dependent on the gestational age. They are 
detected with significantly higher rates when labor occurs at ear-
lier gestational age compared with intact membrane PTL cases.7

Many factors were reported to be associated with the occur-
rence of PPROM, such as infections, placental bleeding, uterine 
over distension (twins), previous PTB and abortion, hyperten-
sion, black race, pre-existing diabetes, age <20 and ≥35 years 
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old, and smoking during pregnancy.1,4–8 During microbial infec-
tions, vaginal bacteria ascend from the lower genital tract into 
the uterus.4 Once they enter the choriodecidua, degradation of 
collagen-based fetal membranes begins, through direct proteoly-
sis or activation of matrix metalloproteinases (MMPs), leading 
to their rupture. MMPs are group of enzymes that are activated 
in term birth, PPROM or in infection.4 Alternatively, infection-
associated PPROM may occur through downregulation of genes 
essential for tensile strength within the chorioamnion.9

PTL can be classified, according to the gestational age, into 
early or severe PTL (SPTL) at ≤34 gestational weeks and late or 
mild PTL at 35-36 gestational weeks. Early or SPTL is associ-
ated with greater risks of adverse outcomes than those of late 
PTL.10 Several factors were reported to be associated with SPTL 
as microbial infections,11 prior preterm delivery, history of placen-
tal abruption, history of fetal demise, maternal age less than 20 
years old and greater than 34 years old, and history of abortion.10

According to WHO, around 15 million babies are born pre-
term each year. The complications of PTB caused the death of 
one million children under five years old in 2015.12 Death before 
age of five years old is mainly due to prematurity and the rates 
of PTB are increasing globally. As the underlying mechanisms 
of PTL are poorly understood, identification of PTL risk factors 
can be used to prevent its adverse consequences.2

Because many of genitourinary infections are asymptomatic, 
underestimation of their importance may have occurred. We 
have recently conducted a study, on different risk factors for 
PTL, where we proved the association of infections caused by 
Trichomonas vaginalis, Mycoplasma hominis, Gram-negative 
bacilli, and coryneforms with PTL in Egyptian women.13 
Furthermore, only a few studies focusing on the association of 
different infectious agents with PTL are available. In most of 
these studies, only one infectious agent in relation to PTB was 
investigated, such as Chlamydia,14 bacterial vaginosis,15 tricho-
moniasis,16 urinary tract infection,17 or human papilloma virus.18

Here, we determined the demographic and infectious risk fac-
tors for PPROM and SPTL, being the PTL types that have the 
most adverse outcomes.

2. METHODS

2.1. The study group
We have previously conducted a case-control study on Egyptian 
women who were in labor and admitted to the Department 
of Obstetrics and Gynaecology, Kasr Al Aini Hospital, Cairo, 
Egypt.13 The women were enrolled during a 7-month period 
from December 2009 to June 2010. For the purposes of this 
study, labor was defined as at least three uterine contractions in 
10 min or 2-3 cm cervical dilatation.19 The gestational age was 
determined based on the last menstrual period combined with 
ultrasonographic data if present. The study population (PTL 
group) consisted of 72 women admitted for PTL (<37 gesta-
tional weeks): 18 (25%) cases were presenting with PPROM 
while 54 (75%) cases were presenting in PTL with intact mem-
branes, named intact membranes PTL group. PPROM was 
diagnosed based on both patients’ description of fluid leakage 
and amniotic fluid pooling in the posterior fornix during specu-
lum examination.20 Only 52 women in PTL were with accurate 
determination of gestational age. They were subdivided into 
SPTL group (n = 31), with gestational age range from 23 + 0 to 
34 weeks +6 days; and mild PTL (MPTL; n = 21), with gesta-
tional age range from 35 + 0 to 36 weeks +6 days.11 The other 20 
women were excluded because they had a suggested gestational 
age that was a border line between MPTL and SPTL groups 
and failed to provide accurate estimation of their last menstrual 
period or early ultrasonographic data; where ultrasonographic 

data obtained during the third trimester are not accurate enough 
for precise determination of gestational age.21 Among these 
excluded cases, there were three cases from the PPROM group 
while the remaining had intact membranes PTL. The control 
group (term labor group [TL]) consisted of 45 control women 
admitted for TL without any complications of pregnancy such 
as PPROM, preterm contractions, or vaginal bleeding (≥37 ges-
tational weeks). The study has been approved by Kasr Al Aini 
hospital ethical committee (992009).

2.2. Methodology
We have previously analyzed different risk factors associated 
with PTL. However, we here are further classifying the PTL 
group into either PPROM and intact membranes subgroups 
or SPTL and MPTL subgroups based on the presence of mem-
brane rupture and on the gestational age, respectively. We used 
the data from our previous study in analyzing different risk fac-
tors for PTL subgroups.13 The assignment of each participant 
to either TL or PTL as well her PTL type and gestational age is 
given in Supplementary File 1, http://links.lww.com/JCMA/A45.

2.3. Statistical analysis
The tests of two or more proportions were done using Fisher’s 
exact test. The p values were from two-sample–tailed tests 
(http://www.physics.csbsju.edu/stats/exact.html). Post-hoc pair-
wise Fisher’s exact tests were done using the rcompanion pack-
age of the R programming language to check for significant 
difference between any two groups.22 Analysis of variance test 
was used to compare continuous data, such as age and weight 
between different groups, by the Minitab version 18 (Minitab 
Inc., State College, PA, USA).23 This program was also used for 
the residual analysis to check the normal distribution of the 
residuals and the absence of outliers.

To summarize the outcome and exposure (variables) rela-
tionship, in our case-control study, the only measure of asso-
ciation that can be estimated is the odds ratios (ORs), by using 
logistic regression, where other measures of risks (relative or 
absolute risk) cannot be estimated because of the sampling 
method.24 We initially conducted univariate logistic analysis to 
determine significant predictors of PPROM, intact membranes 
PTL, SPTL, and MPTL, using real statistics resource pack in the 
Excel program.25 All significant predictors at a p value less than 
0.050 were then included in the multivariate logistic regression 
model.26 Backward elimination was then used to eliminate non-
significant predictors one by one until all the predictors have a p 
value of less than 0.050, then we would not eliminate any pre-
dictors and the current model would be our best fitting model.26

Nominal logistic regression was applied to determine the 
significant predictors of PPROM and intact membranes PTL 
(outcomes have no natural ordering), while ordinal logistic 
regression was applied to determine the significant predictors 
of SPTL and MPTL (outcomes have an order). Nominal and 
ordinal logistic regression were performed using the Minitab 
18.23 All cases with missing values were not included in our 
analysis. The number of missing cases, in each model, is given in 
Supplementary file 2, http://links.lww.com/JCMA/A45.

3. RESULTS

3.1. The detectability of different factors in PPROM, intact 
membranes PTL and TL groups

3.1.1. Demographic characteristics, pregnancy history, 
medical complications, and speculum examination
There was no significant difference among the three groups in the 
mean age, weight, or height (data not shown), but women less 
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than 20 years old were more significantly common in the intact 
membranes PTL group (30.8%) than in the control TL group 
(9.1%) (p  =  0.0342; Table  1). A history of previous abortion 
was significantly more common in both the intact membrane 
PTL and PPROM groups than in the TL group (p = 0.0184 for 
both comparisons; Table 1). Heavy vaginal bleeding during cur-
rent pregnancy was significantly more detectable in the PPROM 
group than in the TL group (p = 0.0465; Table 1). Also, only the 
PPROM group showed a significant more women with vaginal 
pH > 5 than in the TL group (p = 0.0104; Table 1).

A positive Whiff test was significantly more detected in the 
intact membranes PTL and PPROM groups than in the TL 
group (p = 0.0273 and 0.00345, respectively; Table 1). Other 
demographic characteristics, medical complications and specu-
lum examination results were not significantly different among 
the PPROM, intact membranes PTL groups and TL group. Also, 
no significant difference was detected between the proportions 
of nulliparous, parous, primigravidas (data not shown) or those 
with previous PTB excluding primigravidas among the intact 
membranes PTL, PPROM and TL women (Table 1).

3.1.2. Microbiology

3.1.2.1. Identification of vaginal microorganisms and 
Gram stain of vaginal smear
Neisseria gonorrhoeae and Mycoplasma genitalium were not 
detectable; thus, they were not considered. The isolation of 
Chlamydia trachomatis, Trichomonas vaginalis, group B strep-
tococci (GBS), Ureaplasma and Mycoplasma hominis were not 
significantly different among the three groups (data not shown). 
The heavy growth of vaginal organisms on sheep blood agar 
(SBA) was more significantly detected in the intact membranes 
PTL group (p = 0.0129), but not when lactobacilli were excluded, 
as shown in Table 2. Only coryneforms heavy growth was signifi-
cantly associated with the intact membranes PTL and PPROM 
women than with TL women (p = 0.0077 for both comparisons; 
Table 2). The detection of Gram-negative bacilli was only sig-
nificantly different between the intact membranes PTL and TL 
groups when considering the presence of any growth and not 
only the heavy growth (p = 0.0474; Table 2).

The heavy growth of other identified organisms on SBA and 
the lactobacilli growth on Rogosa agar were not significantly 

different among the three groups (data not shown). There was no 
significant difference among the intact membranes PTL, PPROM, 
and TL women in the presence of clue cells, vaginal grades, or bac-
terial vaginosis diagnosed by Amsel’s criteria (data not shown).

3.1.2.2. Urinary tract infection
The urine samples’ colony counts and all detected uropathogens 
were comparable among the three groups (data not shown). 
However, Gram-negative bacilli UTI was significantly more 
detected in the intact membranes PTL group than in the TL 
group (p = 0.0447; Table 2).

3.1.3. Odds ratio
The final multivariate model identified abortion history, heavy 
vaginal bleeding history, and elevated vaginal pH as the signifi-
cant predictors of PPROM. However, age less than 20 years old, 
abortion history, the presence of heavy growth of vaginal organ-
isms and any growth of Gram-negative bacilli were identified 
as the significant predictors of intact membranes PTL (Table 3). 
This final model has good p values for the goodness-of-fit tests 
done by Minitab 18 and is provided in Supplementary file 2, 
http://links.lww.com/JCMA/A45.23

Abortion history increased the risk for PPROM by seven-fold 
compared to women with no such history (OR  =  7.68, 95% 
CI = 1.04-56.95; Table 3); however, this risk decreased to five-fold 
for intact membranes PTL for the same comparison (OR=5.76, 
95% CI = 1.03-32.12; Table 3). Each one step increase in vaginal 
pH above 4.5 was associated with more than four-fold increase 
in the PPROM risk (OR = 4.71, 95% CI = 1.43-15.46; Table 3). 
The women with heavy vaginal bleeding had more than 14-fold 
increase in the risk of PPROM compared to women with no such 
history (OR = 14.69, 95% CI = 1.22-177.49; Table 3).

The presence of heavy growth of vaginal organisms was 
associated with about three times increase in the risk of intact 
membranes PTL compared with the group with no such growth 
(OR = 2.93, 95% CI = 1.06-8.07; Table 3), while any growth of 
Gram-negative bacilli was associated with more than two-fold 
increase in the risk of intact membranes PTL (OR = 2.75, 95% 
CI = 1.00-7.52; Table 3). Those less than 20 years old were sub-
jected to more than five-fold increase in the risk of intact mem-
branes PTL compared to women who were more than 20 years 
old (OR = 5.24, 95% CI = 1.40-19.63; Table 3).

Table 1

Comparison of demographic characters, pregnancy history, vaginal bleeding, and results of speculum examination among intact 
membranes PTL, PPROM, and TL women

Characteristic TL (control)
Intact  

membranes PTL PPROM p

Adjusted p value (pairwise 
comparison with TL)

Intact  
membranes PTL PPROM

Demographic characteristics (Number with characteristic/total number) (%)    
Age <20 years 4/44 (9.1) 16/52 (30.8) 5/18 (27.8) 0.024 0.0342 0.1590
Black race 2/45 (4.4) 4/53 (7.6) 5/18 (27.8) 0.024 0.6840 0.0507
Pregnancy history (Number with characteristic/total number) (%)
History of PTB excluding primigravida 0/31 (0) 5/31 (16.1) 2/12 (16.7) 0.044 0.11 0.11
History of abortion excluding primigravida 2/31 (6.5) 11/31 (35.5) 5/12 (41.7) 0.006 0.0184 0.0184
Heavy vaginal bleeding 1/44 (2.3) 6/50 (12) 4/16 (25) 0.028 0.173 0.0465
Speculum examination (Number with characteristic/total number) (%)
Other signs of infection (eg, erythema, eruptions) 1/41 (2.4) 4/47 (8.5) 4/18 (22.2) 0.042 0.366 0.0804
Vaginal pH ≤ 4.5 24/43 (55.8) 20/46 (43.5) 7/17 (41.2)
Vaginal pH = 5 18/43 (41.9) 19/46 (41.3) 4/17 (23.5) 0.016 0.144 0.0104
Vaginal pH > 5 1/43 (2.3) 7/46 (15.2) 6/17 (35.3)
Positive Whiff test 11/44 (25) 24/48 (50) 13/18 (72.2) 0.001 0.0273 0.00345

PPROM = preterm premature rupture of membranes; PTB = preterm birth; PTL = preterm labor; TL = term labor.
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3.2. The Detectability of different factors in SPTL, MPTL, 
and TL groups

3.2.1. Demographic characteristics, pregnancy history, 
medical complications, and speculum examination
No significant difference was detected among the three groups 
in the mean age, weight, or height. Also, other demographic 

characteristics were not significantly different among the three 
groups (data not shown).

Both previous PTB and previous abortion excluding primigravi-
das were significantly more common in the SPTL group compared 
to the TL group (p = 0.0198 and 0.00528, respectively; Table 4). 
However, the proportions of nulliparous, parous, or primigravidas 
women were not significantly different among the three groups. 

Table 2

Comparison of microbiological characters among intact membranes PTL, PPROM, and TL women

Characteristic  
(Number with characteristic/total number) (%) TL (control)

Intact  
membranes PTL PPROM p

Adjusted p value  
(pairwise comparison with TL)

Intact  
membranes PTL PPROM

Vaginal infection  
Heavy growth on SBAa 13/45 (28.9) 32/54 (59.3) 6/18 (33.3) 0.007 0.0129 0.767
Heavy growth on SBA except lactobacillia 11/45 (24.4) 22/54 (40.7) 4/18 (22.2) 0.163 NA
Coryneforms heavy growtha,b 0/45 (0) 9/54 (16.7) 4/18 (22.2) 0.002 0.0077 0.0077
Gram-negative bacilli growth at any streak 17/45 (37.78) 34/54 (63) 9/18 (50) 0.04 0.0474 0.409
Urinary tract infection characteristic    
Gram-negative bacilli UTI 0/45 (0) 7/54 (12.96) 2/18 (11.1) 0.021 0.0447 0.117

PPROM = preterm premature rupture of membranes; PTL = preterm labor; SBA = sheep blood agar; TL = term labor; UTI = urinary tract infection.
aThe presence of characteristic growth at third or fourth streak.
bCoryneforms: Brevibacterium spp. (group B) in nine cases, Arcanobacterium pyogenes, Acinetobacter calcoaceticus, and Corynebacterium minutissimum each in one case and a mixed Brevibacterium spp. 
(group B) and C. minutissimum in one case.

Table 3

Logistic regression results for predictors of PPROM and intact membrane PTL women

Predictor 

PPROM    Intact membranes PTL    

Unadjusted OR  
(95% CI) p

Adjusted OR  
(95% CI)

Adjusted 
p

Unadjusted OR  
(95% CI) p

Adjusted OR  
(95% CI)

Adjusted 
p

Age < 20 years         
No 1 (Reference)

0.07
1 (Reference)

0.197
1 (Reference)

0.014
1 (Reference)

0.014
Yes 3.85 (0.9-16.5) 3.08 (0.56-17.02) 4.44 (1.36-14.53) 5.24 (1.40-19.63)

Black race         
Non-black 1 (Reference)

0.02
  1 (Reference)

0.53
  

Black 8.27 (1.43-47.74)   1.76 (0.31-10.1)   
Abortion history         

No 1 (Reference)
0.01

1 (Reference)
0.046

1 (Reference)
0.01

1 (Reference)
0.046

Yes 10.36 (1.65-64.94) 7.68 (1.04-56.95) 7.98 (1.59-39.93) 5.76 (1.03-32.12)
Heavy bleeding         

No 1 (Reference)
0.02

1 (Reference)
0.035

1 (Reference)
0.11

1 (Reference)
0.218

Yes 14.33 (1.46-140.53) 14.69 (1.22-177.49) 5.86(0.68-50.76) 4.56 (0.41-51.05)
Signs of infection (eg, erythema, eruptions)  

other than vaginal discharge
        

No 1 (Reference)
0.04

  1 (Reference)
0.25

  
Yes 11.43 (1.18-111.09)   3.72(0.4-34.72)   
Vaginal pH 4.4 (1.49-12.98) 0.007 4.71 (1.43-15.46) 0.011 2.86 (1.04-7.88) 0.04 2.74 (0.91-8.27) 0.073

Whiff test         
Negative 1 (Reference)

0.001
  1 (Reference)

0.02
  

Positive 7.8 (2.26-26.86)   3 (1.24-7.28)   
Mycoplasma hominis infection         

Negative 1 (Reference)
0.03

  1 (Reference)
0.08

  
Positive 12.57 (1.3-121.97)   6.55 (0.77-55.43)   

Heavy growth on SBA         
No 1 (Reference)

0.73
1 (Reference)

0.81
1 (Reference)

0.003
1 (Reference)

0.038
Yes 1.23 (0.38-3.98) 1.19 (0.29-4.87) 3.58 (1.54-8.32) 2.93 (1.06-8.07)

Gram-negative bacilli growth at any streak
No 1 (Reference)

0.38
1 (Reference)

0.39
1 (Reference)

0.014
1 (Reference)

0.049
Yes 1.65 (0.55-4.96) 1.81 (0.47-7.06) 2.8 (1.24-6.34) 2.75 (1.00-7.52)

Baseline odds (exponentiated intercept)   0.00006    0.0017  

OR = odds ratio; PPROM = preterm premature rupture of membranes; PTL = preterm labor; SBA = sheep blood agar; TL = term labor.
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Heavy vaginal bleeding during the current pregnancy was not sig-
nificantly different among the three groups (Table 4). Other medi-
cal complications were not significantly different among the three 
groups (data not shown).Vaginal pH >5 and positive Whiff test 
were significantly more detected in the SPTL group than in the 
TL group (p = 0.0109 and 0.014, respectively; Table 4). However, 
other speculum examination results were not significantly differ-
ent among the three groups (data not shown).

3.2.2. Microbiology

3.2.2.1. Identification of vaginal microorganisms and 
Gram stain of vaginal smear
T vaginalis, GBS, Ureaplasma and M. hominis infections were 
not significantly associated with any of these groups (Table 5).

The heavy growth of vaginal organisms on SBA was only 
more significantly detected in the SPTL group than in the TL 
group (p  =  0.0264; Table  5), but not when lactobacilli were 

excluded. Only coryneforms heavy growth was significantly 
more detectable in the SPTL and MPTL women than in TL 
women (p  =  0.00125 and 0.0124, respectively; Table  5). The 
heavy growth of other identified organisms on SBA and lacto-
bacilli growth on Rogosa agar were not significantly different 
among the three groups (data not shown). There was no sig-
nificant difference among the SPTL, MPTL, and TL women in 
the presence of clue cells, vaginal grades, or bacterial vaginosis 
diagnosed by Amsel’s criteria (data not shown).

3.2.2.2. Urinary tract infection
Only the urinary tract infections with ≥105 CFU/ml microbial 
count were significantly more common in the SPTL group than 
in the control group (TL) (p = 0.0366; Table 5). All identified 
uropathogens were not significantly different among the SPTL, 
MPTL, and TL groups (data not shown). When grouping the 
uropathogens, only Gram-negative bacilli UTI was significantly 

Table 4

Comparison of demographic characters, pregnancy history, vaginal bleeding, and results of speculum examination among SPTL, 
MPTL and TL women

Characteristic
TL 

(control) SPTL MPTL p

Adjusted p value (pairwise 
comparison with TL)

SPTL MPTL

Demographic characteristics (Number with characteristic/total number) (%)    
Age <20 years 4/44 (9.1) 9/30 (30) 6/20 (30) 0.034 0.088 0.088
Pregnancy history (Number with characteristic/total number) (%)    
One parous or more 31/45 (68.9) 16/31 (51.6) 9/21 (42.9)
Nulliparous 0/45(0) 4/31 (12.9) 2/21 (9.5) 0.044 0.0525 0.0525
Primigravida 14/45 (31.1) 11/31 (35.5) 10/21 (47.6)
History of PTB excluding primigravida 0/31 (0) 5/20 (25) 2/11 (18.2) 0.006 0.0198 0.0958
History of abortion excluding primigravida 2/31 (6.5) 9/20 (45) 3/11 (27.3) 0.004 0.00528 0.154
Heavy vaginal bleeding 1/44 (2.3) 4/27 (14.8) 4/20 (20) 0.025 0.0982 0.090
Speculum examination results (Number with characteristic/total number) (%)    
Vaginal pH ≤ 4.5 24/43 (55.8) 12/24 (50) 6/20 (30)
Vaginal pH = 5 18/43 (41.9) 5/24 (20.8) 11/20 (55) 0.005 0.0109 0.0741
Vaginal pH > 5 1/43 (2.3) 7/24 (29.2) 3/20 (15)    
Whiff test positive 11/44 (25) 16/26 (61.5) 9/20 (45) 0.01 0.014 0.222

MPTL = mild preterm labor; PTB = preterm birth; SPTL = severe preterm labor; TL = term labor.

Table 5

Comparison of microbiological characters among SPTL, MPTL, and TL women

Characteristic  
(Number with characteristic/total number) (%) TL (control) SPTL MPTL p 

Adjusted p value 
(pairwise comparison 

with TL)

SPTL MPTL

Vaginal infection       
Mycoplasma hominis 1/45 (2.22) 3/31 (9.68) 4/21 (19.05) 0.049 0.42 0.097
Heavy growth on SBAa 13/45 (28.9) 19/31 (61.3) 8/21 (38.1) 0.019 0.0264 0.572
Heavy growth on SBA except lactobacillia 11/45 (24.4) 12/31 (38.7) 6/21 (28.6) 0.3885 NA
Coryneforms heavy growtha,b 0/45 (0) 8/31 (25.8) 4/21 (19.05) 0.0005 0.0013 0.0124

Urinary tract infection characteristic       
Urine bacterial count (CFU/ml)       

<103 42/45 (93.34) 24/31 (77.42) 17/21 (80.95)    
≥103 - <104 2/45 (4.44) 0/31 (0) 2/21 (9.52) 0.037 0.0366 0.342
≥104 - <105 1/45 (2.22) 3/31 (9.68) 1/21 (4.76)    
≥105 0/45 (0) 4/31 (12.9) 1/21 (4.76)    
Gram-negative bacilli UTI 0/45 (0) 4/31 (12.9) 3/21 (14.29) 0.017 0.0436 0.0436

MPTL = mild preterm labor; SBA = sheep blood agar; SPTL = severe preterm labor; TL = term labor; UTI = urinary tract infection.
aThe presence of characteristic growth at third or fourth streak.
bCoryneforms: Brevibacterium spp. (group B) in eight cases, Arcanobacterium pyogenes, Acinetobacter calcoaceticus, and Corynebacterium minutissimum each in one case and a mixed Brevibacterium spp. 
(group B) and Corynebacterium minutissimum in one case.
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more common in the SPTL and MPTL women than in TL 
women (p = 0.0436 for both comparisons; Table 5).

3.2.3. Odds ratios
The final multivariate model identified age less than 20 years 
old, abortion history, vaginal pH, and heavy growth of vagi-
nal organisms as the significant predictors of SPTL and MPTL. 
Gompit link function was used as it gives the best p values for 
the goodness-of-fit tests done by Minitab 18 and is provided in 
Supplementary file 2, http://links.lww.com/JCMA/A45.23

Women less than 20 years old had more than three-fold 
increase in the risk of SPTL (or SPTL and MPTL) compared 
to women who were more than 20 years old (OR = 3.21, 95% 
CI = 1.59-6.44; Table 6). Those women with abortion history 
had also more than three-fold increase in the risk of SPTL (or 
SPTL and MPTL) compared to women with no such history 
(OR = 3.87, 95% CI = 1.73-8.64; Table 6).

As vaginal pH increases, women were more likely to have 
SPTL. Each one step increase in vaginal pH, above 4.5 was asso-
ciated with 56% increase the odds of SPTL (or SPTL and MPTL) 
instead of TL (OR = 1.56, 95% CI = 1.05-2.33; Table 6). The 
presence of heavy growth of vaginal organisms was associated 
with about three times increase in the risk of SPTL (or SPTL and 
MPTL) compared to women with no such growth (OR = 2.78, 
95% CI = 1.46-5.27; Table 6).

4. DISCUSSION

Several predictors were identified, in the final models, for the dif-
ferent studied subtypes of PTL. The association of age less than 
20 years old with SPTL and intact membranes PTL was reported 
previously.1,27 This may be due to the incomplete maternal 
physical growth and relative malnutrition.28 On the other hand, 

PPROM was not associated with age less than 20 years old. This 
lack of association, between PPROM and age less than 20 years 
old, was described previously1,5,8

We detected an association between previous abortion and 
all PTL categories. This association has been described previ-
ously.5,6,10 Women with a history of previous abortion may 
acquire the risk for subsequent PTB via the medical care they 
received, for example, antibiotic prophylaxis leading to altera-
tion of vaginal microflora or cervical mechanical damage by 
uterine curettage in abortion procedure.29 However, no associa-
tion was recorded between PTB history and PPROM, although 
it was reported previously.8 This may be attributed to the differ-
ence in the study design or the small number of women in the 
PPROM group who has a previous PTB (two cases).

In accordance with earlier studies, intense vaginal bleeding 
was associated with PPROM.6,8 The association between vaginal 
bleeding and PTL may be due to the consequent thrombin pro-
duction, which stimulates uterine contractions as well as proteo-
lytic activity that can lead to PPROM.4

Elevated vaginal pH was significantly associated with all 
PTL forms, except the intact membranes PTL, similar to the 
results from previous studies. This was explained by the fact 
that elevated pH is a sign of inflammation or infection caused 
by abnormal vaginal flora with subsequent PTL.30 This high-
lights the importance of vaginal pH measurement as one of the 
low cost, low technology, and safe protocols that are applicable 
to women in low-resource settings, for preliminary screening of 
PTL possibility and consequently reducing the rate of premature 
delivery.31

Healthy vaginal balanced microbiota (with lactobacilli or 
not) protect against ascending infections and prematurity32; 
therefore, disturbed vaginal flora, manifested by heavy growth 
of vaginal organisms on SBA, was associated with all PTL sub-
types except PPROM. This lack of association between PPROM 

Table 6

Adjusted odds ratios for predictors of SPTL and MPTL women

Predictor
Unadjusted OR  

(95% CI) for SPTL p
Unadjusted OR  

(95% CI) for MPTL p
Adjusted OR  

(95% CI) Adjusted p

Age <20 years       
  No 1 (Reference)

0.03
1 (Reference)

0.042
1 (Reference)

0.001
  Yes 4.29 (1.18-15.58) 4.29 (1.05-17.45) 3.21 (1.59-6.44)
Abortion history       
  No 1 (Reference)

0.004
1 (Reference)

0.09
1 (Reference)

0.001
  Yes 11.86 (2.21-63.78) 5.44 (0.77-38.3) 3.87 (1.73-8.64)
Heavy bleeding       
  No 1 (Reference)

0.08
1 (Reference)

0.04
  

  Yes 7.48 (0.79-70.88) 10.75 (1.12-103.56)   
Vaginal pH 3.3 (1.23-8.85) 0.02 4.25 (1.13-15.99) 0.03 1.56 (1.05-2.33) 0.029
Whiff test       
  Negative 1 (Reference)

0.003
1 (Reference)

0.11
  

  Positive 4.8 (1.69-13.63) 2.45 (0.81-7.48)   
Mycoplasma hominis       
  Negative 1 (Reference)

0.19
1 (Reference)

0.04
  

  Positive 4.71 (0.47-47.60) 10.35 (1.08-99.38)   
Heavy growth on SBA       
  No 1 (Reference)

0.006
1 (Reference)

0.46
1 (Reference)

0.002
  Yes 3.9 (1.48-10.27) 1.51 (0.51-4.51) 2.78 (1.46-5.27)
Heavy lactobacilli growth on SBA       
  No 1 (Reference)

0.03
1 (Reference)

0.71
  

  Yes 3.81(1.15-12.6) 1.33 (0.29-6.19)   
Gram-negative bacilli growth at any streak       
  No 1 (Reference)

0.02
1 (Reference)

0.14
  

  Yes 2.99 (1.16-7.75) 2.20 (0.77-6.30)   

MPTL = mild preterm labor; OR = odds ratio; SBA = sheep blood agar; SPTL = severe preterm labor; TL = term labor.

http://links.lww.com/JCMA/A45
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and heavy growth of vaginal organisms on SBA may be due the 
small sample size of PPROM in our study or that anaerobic spe-
cies were responsible for the vaginal dysbiosis, which could not 
be detected by aerobic growth on SBA.

In contrast to the protective effect of lactobacilli reported 
previously,33,34 the detected vaginal lactobacilli in PTL group 
included Lactobacillus iners that can only be detected on blood 
agar. L. iners increases the risk of conversion from normal to 
abnormal flora with subsequent ascending infection and PTB.32 
It cannot synthesize lactic acid31 and only a few strains can pro-
duce H2O2.

35 Consequently, these Lactobacillus species lacked 
the normal protective effects of lactobacilli.

The detection of Gram-negative bacilli was associated with 
intact membranes PTL when any growth (whether heavy or not) 
was used in statistical analysis. Gram-negative bacilli are impor-
tant placental pathogens responsible for subclinical chorioam-
nionitis and PTB.11,36

Age of more than 35 years old was reported previously to be 
associated with PTL but not in our study.6 This may be due to 
the low numbers of women of more than 35 years of age (six 
women) tested.

It is clear that prediction and management of the risk factors 
for PPROM and SPTL is highly required. SPTL is associated 
with more adverse outcome than MPTL,10 also the maternal 
and neonatal morbidities of PPROM are significantly more pro-
nounced when occur in SPTL case.19 In our study, nearly half of 
the PPROM participants (seven out of 15 PPROM cases with 
accurately known gestational age) were with SPTL type and are 
susceptible to more adverse effects.

This study has a limitation of the small sample size in the 
tested subgroups, especially in PPROM group. This can nega-
tively affect the statistic power of case collection. However, this 
study design has an acceptable statistic power for large ORs. In 
addition, this is only a pilot study to detect various factors that 
may be associated with the most risky forms of PTL (PPROM 
and SPTL). Other studies are required to further confirm this 
association, with each detected factor, on a larger population.

In conclusion, several factors were associated with the more 
dangerous PTL subtypes. Almost all these factors were related 
to infection with the exception of being less than 20 years old, 
which highlights the danger of infection as a main contribut-
ing factor for PTL. Infection control during abortion or labor 
is highly required to avoid its adverse effect on subsequent 
pregnancies. Women should be screened for the genitourinary 
infections during the prenatal and antenatal care, as many of 
these infections are asymptomatic. They should be treated with 
the suitable medications before fetomaternal damage occurs. 
Measuring vaginal pH can be used to predict women at risk for 
PTL before referral to a more advanced center for prenatal care, 
where the screening for these infections may not be possible in 
low-resource settings or when expensive kits are required (PCR 
for some infections).

APPENDIX A. SUPPLEMENTARY DATA
Supplementary data related to this article can be found at http://
doi.org/ 10.1097/JCMA.0000000000000243.

REFERENCES
	 1.	 Jelliffe-Pawlowski LL, Baer RJ, Blumenfeld YJ, Ryckman KK, 

O’Brodovich HM, Gould JB, et al. Maternal characteristics and mid-
pregnancy serum biomarkers as risk factors for subtypes of preterm 
birth. BJOG 2015;122:1484–93.

	 2.	 Oskovi Kaplan ZA, Ozgu-Erdinc AS. Prediction of preterm birth: mater-
nal characteristics, ultrasound markers, and biomarkers: an updated 
overview. J Pregnancy 2018;2018:8367571.

	 3.	 Abouseif HA, Mansour AF, Hassan SF, Sabbour SM. Prevalence and out-
come of Preterm Premature Rupture of Membranes (PPROM) among 
pregnant women attending Ain Shams maternity hospital. Egyptian J 
Commun Med 2018;36:99–107.

	 4.	 Lannon SM, Vanderhoeven JP, Eschenbach DA, Gravett MG, Adams 
Waldorf KM. Synergy and interactions among biological pathways 
leading to preterm premature rupture of membranes. Reprod Sci 
2014;21:1215–27.

	 5.	 Assefa NE, Berhe H, Girma F, Berhe K, Berhe YZ, Gebreheat G, et al. 
Risk factors of premature rupture of membranes in public hospitals at 
Mekele city, Tigray, a case control study. BMC Pregnancy Childbirth 
2018;18:386.

	 6.	 Boskabadi H, Zakerihamidi M. Evaluation of maternal risk factors, 
delivery, and neonatal outcomes of premature rupture of membrane: a 
systematic review study. J Pediatr Rev 2019;7:77–88.

	 7.	 Furman B, Shoham-Vardi I, Bashiri A, Erez O, Mazor M. Clinical signifi-
cance and outcome of preterm prelabor rupture of membranes: popula-
tion-based study. Eur J Obstet Gynecol Reprod Biol 2000;92:209–16.

	 8.	 Sae-Lin P, Wanitpongpan P. Incidence and risk factors of preterm prema-
ture rupture of membranes in singleton pregnancies at Siriraj hospital. J 
Obstet Gynaecol Res 2019;45:573–7.

	 9.	 Vanderhoeven JP, Bierle CJ, Kapur RP, McAdams RM, Beyer RP, 
Bammler TK, et al. Group B streptococcal infection of the choriodecidua 
induces dysfunction of the cytokeratin network in amniotic epithelium: 
a pathway to membrane weakening. Plos Pathog 2014;10:e1003920.

	10.	 Alansi BA, Mukhtar HB, Alazizi MA, Zuiran AA, Al-Atawi AM, 
Al-Sabah BA, et al. Risk factors for early preterm birth at King 
Salman Armed Force Hospital in 2010. Open Access Maced J Med Sci 
2017;5:1016–20.

	11.	 Donders GG, Van Calsteren K, Bellen G, Reybrouck R, Van den Bosch T, 
Riphagen I, et al. Predictive value for preterm birth of abnormal vaginal 
flora, bacterial vaginosis and aerobic vaginitis during the first trimester 
of pregnancy. BJOG 2009;116:1315–24.

	12.	 WHO. Preterm birth. Geneva: World Health Organization 2018. 
Available at https://www.who.int/news-room/fact-sheets/detail/preterm-
birth. Accessed February 16, 2019.

	13.	 Hosny AEMS, El-Khayat W, Kashef MT, Fakhry MN. Association 
between preterm labor and genitourinary tract infections caused by 
Trichomonas vaginalis, Mycoplasma hominis, gram-negative bacilli, and 
coryneforms. J Chin Med Assoc 2017;80:575–81.

	14.	 el-Shourbagy M, Abd-el-Maeboud K, Diab KM, el-Ghannam A, Nabegh 
L, Ammar S. Genital chlamydia trachomatis infection in Egyptian 
women: incidence among different clinical risk groups. J Obstet 
Gynaecol Res 1996;22:467–72.

	15.	 Darwish A, Elnshar EM, Hamadeh SM, Makarem MH. Treatment 
options for bacterial vaginosis in patients at high risk of preterm labor and 
premature rupture of membranes. J Obstet Gynaecol Res 2007;33:781–7.

	16.	 Kamal AM, Ahmed AK, Mowafy NME, Shawki HE, Sanad AS, Hassan 
EE. Incidence of antenatal trichomoniasis and evaluation of its role as a 
cause of preterm birth in pregnant women referring to Minia University 
Hospital, EGYPT. Iran J Parasitol 2018;13:58–66.

	17.	 Dimetry SR, El-Tokhy HM, Abdo NM, Ebrahim MA, Eissa M. Urinary 
tract infection and adverse outcome of pregnancy. J Egypt Public Health 
Assoc 2007;82:203–18.

	18.	 Mosbah A, Barakat R, Nabiel Y, Barakat G. High-risk and low-risk 
human papilloma virus in association to spontaneous preterm labor: a 
case-control study in a tertiary center, Egypt. J Matern Fetal Neonatal 
Med 2018;31:720–5.

	19.	 Buhimschi IA, Christner R, Buhimschi CS. Proteomic biomarker analy-
sis of amniotic fluid for identification of intra-amniotic inflammation. 
BJOG 2005;112:173–81.

	20.	 Tchirikov M, Schlabritz-Loutsevitch N, Maher J, Buchmann J, 
Naberezhnev Y, Winarno AS, et al. Mid-trimester preterm premature 
rupture of membranes (PPROM): etiology, diagnosis, classification, 
international recommendations of treatment options and outcome. J 
Perinat Med 2018;46:465–88.

	21.	 Butt K, Lim K; Diagnostic Imaging Committee. Determination of gesta-
tional age by ultrasound. J Obstet Gynaecol Can 2014;36:171–81.

	22.	 Mangiafico S. rcompanion: Functions to Support Extension Education 
Program Evaluation. R package version 2.0.10. 2019. Available at 
https://CRAN.R-project.org/package=rcompanion. Accessed November 
2, 2018.

	23.	 Arend DN. [Computer software]. Champaign, IL: U.S. Army Corps of 
Engineers Research Laboratory. 1993.

http://doi.org/
http://doi.org/
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://CRAN.R-project.org/package=rcompanion


www.ejcma.org � 287

Original Article. (2020) 83:3� J Chin Med Assoc

	24.	 McGready J. Comparing distributions of binary data: odds ratios. Available 
at https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ. 
processed/full/540p/index.mp4?Expires=1552348800&Signature=QFT
qAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRG
x3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSu-
jgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFAC
rz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A. Accessed 
October 4, 2016.

	25.	 Zaiontz C. Real Statistics Using Excel 2018. Available at www.real-sta-
tistics.com. Accessed December 2, 2016.

	26.	 Diez DM, Barr CD, Ҫetinkaya-Rundel M. OpenIntro Statistics. 3rd edi-
tion. 2015 Available at https://www.openintro.org/stat/textbook.php. 
Accessed January 14, 2016.

	27.	 van den Broek NR, Jean-Baptiste R, Neilson JP. Factors associated with 
preterm, early preterm and late preterm birth in Malawi. PLoS One 
2014;9:e90128.

	28.	 Kozuki N, Lee AC, Silveira MF, Sania A, Vogel JP, Adair L, et al.; Child 
Health Epidemiology Reference Group Small-for-Gestational-Age-
Preterm Birth Working Group. The associations of parity and maternal 
age with small-for-gestational-age, preterm, and neonatal and infant 
mortality: a meta-analysis. BMC Public Health 2013;13 (Suppl 3):S2.

	29.	 Makhlouf MA, Clifton RG, Roberts JM, Myatt L, Hauth JC, Leveno 
KJ, et al.; Eunice Kennedy Shriver National Institute of Child Health 

Human Development Maternal-Fetal Medicine Units Network. Adverse 
pregnancy outcomes among women with prior spontaneous or induced 
abortions. Am J Perinatol 2014;31:765–72.

	30.	 Weckend MJ, Spineli LM, Grylka-Baeschlin S, Gross MM. Association 
between increased antenatal vaginal ph and preterm birth rate: a system-
atic review. J Perinat Med 2019;47:142–51.

	31.	 Witkin SS. The vaginal microbiome, vaginal anti-microbial defence 
mechanisms and the clinical challenge of reducing infection-related pre-
term birth. BJOG 2015;122:213–8.

	32.	 Mendling W. Vaginal microbiota. Adv Exp Med Biol 2016;902:83–93.
	33.	 Brown RG, Marchesi JR, Lee YS, Smith A, Lehne B, Kindinger LM, et al. 

Vaginal dysbiosis increases risk of preterm fetal membrane rupture, neo-
natal sepsis and is exacerbated by erythromycin. BMC Med 2018;16:9.

	34.	 Baldwin EA, Walther-Antonio M, MacLean AM, Gohl DM, Beckman 
KB, Chen J, et al. Persistent microbial dysbiosis in preterm premature 
rupture of membranes from onset until delivery. PeerJ 2015;3:e1398.

	35.	 Lamont RF, Sobel JD, Akins RA, Hassan SS, Chaiworapongsa T, 
Kusanovic JP, et al. The vaginal microbiome: new information 
about genital tract flora using molecular based techniques. BJOG 
2011;118:533–49.

	36.	 Javanian M, Rad ZA, Mojaveri MH, Shiadeh AG, Ebrahimpour S. 
Maternal recto vaginal colonization in term and preterm deliveries. 
Electron Physician 2017;9:5434–8.

https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
https://d3c33hcgiwev3.cloudfront.net/nrviv7wQEeWu3Qqucrr4qQ.processed/full/540p/index.mp4?Expires=1552348800&Signature=QFTqAdGcIlLG6TWlA-haVf489U6Cqr5QRmrpQMCA3C8VZ0MAlXRGx3wNmrxS9~orzdar9FLzqPemfM734nmzZgaD2nyQhLuT8v6TmfBSujgHVPOSSkwis3dhI-Ji7bkczhn~CAQs1Vv5fmVv6Z9qncJN4yZ2zFACrz1igNxr4wE_&Key-Pair-Id=APKAJLTNE6QMUY6HBC5A
www.real-statistics.com
www.real-statistics.com
https://www.openintro.org/stat/textbook.php

