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ABSTRACT
Background: An increasing number of cases of preterm labour (PTL) were observed during the COVID-19 pandemic. We determined the
prevalence of COVID-19 infection in asymptomatic pregnant women presenting with PTL or preterm pre-labour rupture of membranes (PPROM).

Methods: A prospective case-control study was conducted on 56 pregnant women presenting in PTL or PPROM and compared to a control
group of 50 women at King Edward VIII Hospital in KwaZulu- Natal Province, South Africa, from September 2020 to October 2021. SARS-CoV-2
polymerase chain reaction (PCR) and immunoglobulin G(IgG), were performed.

Results: The prevalence of COVID-19 infection was higher amongst pregnant women presenting in PTL and PPROM;14.6% of cases and 8% of
controls, p= 0.503. A positive Tuberculosis (TB) history was found to be more common in the study group compared to the control group (16.1%
vs. 2%; p=0.018). Urinary tract infections (UTI) were detected more commonly in the case than in the control group (8.9% vs 0.5%; p=0.002),
including a history of previous PTL and recent coitus.

Conclusion: Our study showed an association between COVID-19 infection and PTL. It confirms that infective causes are significant contributors
to PTL and PPROM. The finding of a positive TB history and the strong association of UTIs in women with PTL and PPROM further emphasise the
importance of screening in antenatal care.

Contribution: The findings highlight the importance of screening and testing for infections during antenatal consultations. The early identification

of infective causes and treatment thereof could improve maternal and neonatal outcomes and help to reduce the burden on neonatal facilities.
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INTRODUCTION

Preterm birth (PTB) and its associated complications are the
leading cause of death in children under 5 years old.! Each year,
an estimated 15 million babies are born preterm.! The global
rate ranges from 5 - 18%, with an average of 11%.2 In South
Africa, preterm labour (PTL) complicates an average of 8% of
pregnancies.> PTL complicates about 14.8% of pregnancies at
a tertiary level facility in Durban, South Africa.® In this setting,
an increase to a mean of 19.9% was observed in April 2020.
This increase coincided with the first wave of the COVID-19
pandemic in South Africa.

Pregnant women are susceptible to viral respiratory infections
and are at risk of developing obstetric related complications
and adverse perinatal outcomes.* The association of COVID-19
infection with PTL is controversial, with studies initially reporting
an increased rate of PTL with COVID-19 infection>® and more
recent studies, showing no association at all.'

We investigated the association of COVID-19 infection in
pregnant women presenting with PTL or PPROM, as well as
the common causes of PTL and preterm pre-labour rupture of
membranes (PPROM) in our setting.

METHODS

We prospectively compared pregnant women presenting with
PTL or PPROM before the 37th week of gestation (exposure
or case group), to women presenting for routine antenatal
consultation at gestational ages of 28 to 37 weeks, not in labour
and with unruptured membranes (control group), for the period
September 2020 to October 2021. All pregnant women included
in the study were asymptomatic for COVID-19 infection.
Patients with symptoms of COVID-19 infection were classified
as persons under investigation (PUIs) and these were excluded

from the analysis (Fig 1). Other exclusion criteria included fetal
compromise necessitating expedited delivery; and co-morbid
maternal medical diseases such as cardiovascular disorders,
preeclampsia, and diabetes. Data was collected during the
second (Beta variant) and third waves (Delta variant) of the
COVID-19 pandemic in South Africa.

Figure 1: Flow Diagram representing the recruitment
of the case group
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Gestational age was confirmed either by the earliest
available ultrasound or the earliest estimation based on
menstrual dates or palpation. A detailed history was taken,
and a focused clinical examination performed on all the
participants. All participants were tested for SARS-CoV-2
using polymerase chain reaction (PCR). This was initially
performed specifically for the study until it became standard
of care with universal testing on all patients on admission.!2-4
SARS-Cov-2 immunoglobulin G (IgG) testing on blood
samples was performed to determine SARS-CoV-2 exposure
in asymptomatic women once the test became available from
August 2021.% The latter was therefore only done on a subset
of pregnant women. Other causes of PTL and PPROM were
investigated as per unit protocol and included the following:
white cell count (WCC) and C reactive protein (CRP), urine
microscopy, culture, and sensitivity (MCS); and vaginal
swabs for MCS which included testing for Gardnerella and
Group B Streptococcus.

The primary outcome measured was COVID-19 prevalence
in PTL and PPROM as compared to the prevalence in patients
at a similar gestation not in labour. Secondary outcomes were
other causative factors of PTL and PPROM in our setting.

Ethical Considerations

Ethical and health authority regulatory permissions
were obtained (Biomedical Research Ethics Council
BREC/00001918/2020). Written informed consent was
obtained from all participants. All residual clinical data was
de-identified and captured with a unique study number. Data
was collected in a password protected Excel spreadsheet on
a dedicated computer behind firewall-protected servers.

Sample size

A minimum sample size of 100 women with a minimum of
50 cases and 50 controls were estimated using PASS 2021
software (Power Analysis and Sample Size Software NCSS,
LLC. Kaysville, Utah, USA, ncss.com/software/pass.) based
on a presumed prevalence of COVID-19 exposure in the case
group of 39.5% and 15% in the control group from published
studies done globally.>? This sample size was required to
achieve 80% power to detect an odds ratio of 3.7. The test
statistic used was the two-sided Z test with pooled variance.
The significance level of the test was targeted at 0.050.

Statistical Analysis

Data were analysed using IBM SPSS version 28. Frequency
tables were used to describe categorical variables, while
summary statistics such as mean and standard deviation,
or median and interquartile range were used depending
on whether the variables were normally distributed or not.
Comparisons between groups were achieved for continuous
normally distributed variables using t-tests, for numeric
variables that were not normally distributed or counts using
Mann-Whitney tests, and for categorical variables using
Fisher’s exact 2-sided or Chi square tests as appropriate.

RESULTS

One hundred and six participants were recruited, of which
56 were in the case group and 50 in the control group. Table
1 shows the demographic characteristics. The mean age was
28 years (range 21-35 years). The median gestational age
was 33 weeks (range 30-35 weeks) in both groups and 23
patients (21.7%) were nulliparous.

Table 1. Demographic characteristics of study groups

Variable Cases Controls Total p-value
Mean 27 30 28 0.054
16-19 6 (10.7%) | 7 (14%) |13 (12.3%)
Age 20-24 17 (30.4%) | 6 (12%) |23 (21.7%) 0.081
25-34 25 (44.6%) | 23 (46%) | 48 (45.3%)
35-44 8 (14.3%) |14 (28%) [ 22 (20.7%
Variable Cases Controls Total p-value
<25 15 (26.8%) | 16 (32%) | 31 (29.2%)
BMI* 25-29.9 24 (42.9%) | 16 (32%) [ 40 (37.7%) | 0.695
>=30 17 (30.3%) | 18 (36%) | 35 (33.1%)
Primigravid (1) |13 (23.2%) | 8 (16%) |21 (19.8%)
Gravidity Muln'gravid. (2-4)| 37 (66%) |38 (76%) |75 (70.1%) 0.530
Grizné“:ﬁgj‘v‘ 6 (10.8%) | 4 (8%) | 10 (9.1%)
Nulliparous 14 (25%) |11 (22%) | 25 (23.6%)
Parity I\I/}ﬁr}::;f(f)’il’(i)“ 42 (75%) |37 (74%) | 79 (74.5%) 0.985
and >) 0 2(4%) | 2(1.9%)
Gestational Median 33 33 33 0.868
age 28-33 31 (55.4%) | 29 (58%) | 60 (56.6%)
(weeks) 34-37 25 (44.6%) | 21 (42%) | 46 (43.4%) 0.777

*BMI- Body Mass Index

Early PTL (28-33 weeks) occurred in 31 (55.4%) women and in
25 (23.6%) women PTL occurred between 34-37 weeks. Thirty-
one women (29.2%) had a BMI <25kg/m?, 40 (37.7%) a BMI
of 25-29.9kg/m? and 35 (33.1%) a BMI =30 kg/m?

Three women (2.8%) reported smoking and alcohol
consumption respectively, and one woman (0.9%) reported
recreational drug use. Recent coitus within the preceding five
days was reported by 13 women (23.2%) in the case group
compared to five women (10%) in the control group, (p=0.070).

Twenty-six women (46.4%) in the case group had human
immunodeficiency virus (HIV) infection compared to 20 women
in the control group (40%) (p = 0.505). Among HIV-infected
participants, 40 women (87%) were virally suppressed (HIV
viral load <50 copies/ml) and 6 women (13%) were not.
A history of TB infection within the preceding two years was
present in nine women (16.1%) in the case group and in one
woman (2%) in the control group (p=0.018). Six of the 106
women (5.7%) had positive syphilis serology.

A history of PTL in a previous pregnancy was present in
13 (23.2%) of the case group eight women (16%) of the
control group, (p=0.465). Thirteen women (28.3%) in the
control group had a history of caesarean delivery in a previous
pregnancy compared to five women (8.9%) in the study group,
(p=0.006). A history of gynecological complications such as
ectopic pregnancies, terminations of pregnancies, and sexually
transmitted in infections were comparable between the groups.
Four women (7.1%) in the case group had a history of three
previous miscarriages as opposed to the control group in which no
patients reported three previous miscarriages. Fifty-one women
(48.9%) used Depo Provera as their method of contraception,
while 37 (34.9%) did not use any form of contraception prior to
the index pregnancy.

The prevalence of COVID-19 infection was 14.6% compared
to 8% in the control group (p = 0.503). Two participants, 1
(3.3%) in the case and 1 in the control group (2%), had a
positive SARS-CoV-2 PCR test (p=0.68). Five women (23.8%)
from the case and 4(12.5%) from the control group were SARS-
CoV-2 IgG positive (p=0.456).

Urine microscopy and culture (MC&S) was positive in 5
(8.9%) of the case group compared to 1 (0.5%) in the control
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group (p=0.002). The common urinary pathogens identified
were Acinetobacter Baumanii, Proteus Mirabilis, Klebsiella
Pneumonia and E. Coli. Candida species were detected in 12
(24%) and 4(7.1%) of vaginal swabs submitted for MCS in the
control and case groups respectively (p = 0.001) (Table 2).

C-reactive protein (CRP) was raised in 26 women (46.4%)
in the case group and 15 women (30%) in the control group
(p=0.110) The white cell count (WCC) was raised in 18
(32.1%) in the case group and 9 (18%) in the control group
(p=0.095) (Table 2).

Table 2. Overadll results of infective markers

Test Case (n/%) Control (n/%) Total (n/%) p- value

COVID-19 Neg:&tFlve 35 (85.4(—)%) 46 (902%) 81 (89‘;/0)

Overall Positive | 6 (14.6%) 4 (8%) 10 (11%) | 0.503
Total 41 50 91

COVID-19 Ne,q:aFlve 29 (96.7%) | 48 (98.0%) |77 (97.5%)

PCR* Positive 1 (3.3%) 1 (2.0%) 2 (2.5%) 1.000
Total 30 49 79

COVID-19 Negative |16 (76.2%) | 28 (87.5%) |44 (83.0%)

g Positive | 5 (23.8%) | 4 (12.5%) | 9 (17.0%) | 0.456
Total 21 32 53

Growth 5 (8.9%) 1 (0.5%) 6 (5.6%)

Ihj/lréréfs fg;f:g{{g 16 (28.6%) | 23(46%) |39 (36.8%)| 0.002
Total 56 50 106

High Vaginal| Growth 4 (7.1%) 12 (24%) 16 (15%) 0.001

Swab Total 56 50 106 )

Low Vaginal | Growth 2 (3.6%) 9 (18%) 11 (10.3%) 0.001

Swab Total 56 50 106 )

C Reactive >10 26(46.4%) 15(30%) 41(38.7%) 0110

Protein Total 56 50 106 )

White Cell >10.9 |18 (32.1%) 9 (18%) 27 (25.5%) 0.095

Count Total 56 50 106 )

*PCR — Polymerase Chain Reaction
*1gG- Immunoglobulin G
*MC&S- Microscopy, Culture and Sensitivity

DISCUSSION

We assessed the prevalence and association of COVID-19
infection with PTL and PPROM early in the COVID-19 pandemic
at a tertiary hospital in Kwa-Zulu Natal Province (KZN) from
September 2020 to October 2021. We found an association
between COVID-19 infection and PTL or PPROM, p=0.503. We
describe statistically significant differences in the prevalence
of TB and urinary tract infections in association with PTL and
PPROM. A history of PTL in a prior pregnancy and coitus in the
five days before presentation may be associated with PTL and
PPROM (p= 0.456 and p = 0.070, respectively). HIV status (p
= (0.505) was not associated with PTL and PPROM.

The results of this study reveal an association between PTL
and COVID-19 infection. Case series and observational studies
reported at the start of the COVID-19 pandemic in early 2020
showed rates of PTL in COVID-19 positive patients, ranging
from 23 % to 46%.> These studies did not differentiate between
spontaneous and iatrogenic PTL. At the start of the pandemic,
most deliveries (21-23 %), were in fact iatrogenic for maternal
reasons due to severe disease.” The plausible explanation for
this association is the release of proinflammatory cytokines
associated with high fever and severe COVID-19 disease, which
may have triggered preterm labour. A limitation of earlier studies
however is probably the lack of inclusion of asymptomatically
infected patients.>’

In contrast, retrospective cohort studies that assessed the
impact of the COVID-19 pandemic on preterm birth-rates in
California, Massachusetts and Canada, reported no difference

in rates of preterm birth during the peaks of the COVID-19
infection as compared to pre-pandemic periods (7.4% vs 7.9%)
(p=0_4)‘1o,11

The finding of a strong association between UTIs and PTL and
PPROM is similar to findings in other prospective case control
studies that evaluated the association between UTI and PTL.16
UTlIs, much like PTL, may present with lower abdominal pain
in late gestation, creating a diagnostic challenge. To avoid this
confounder, only patients presenting in true labour with regular,
palpable contractions or cervical changes were included as cases
of PTL.

The prevalence of HIV infection at 43.4% aligns to that of the
general population in KZN and represents the highest prevalence
of HIV infection globally:'” However, HIV status did not affect the
prevalence of PTL and PPROM as the incidence was similar in
both groups due to high viral suppression (80.4%). An HIV viral
load suppression of 80.4% is in keeping with a maturing HIV
epidemic, as most women in low- and middle-income countries
(LMICs) access health facilities during pregnancy, and are offered
HIV testing and appropriate highly active antiretroviral therapy
if positive to prevent mother to child transmission. Similarly, a
chart review of all preterm births from January to March 2018 at
King Edward VIII Hospital showed that there was no difference
in any of the risk variables, including HIV-positive status [48.9%
(m=23/47) vs 47.6% (n=90/189)], between PPROM and non-
PPROM groups.18 These findings suggested that HIV-infected
women who are virally suppressed on anti-retroviral therapy
presenting with PPROM have similar birth outcomes compared
to HIV-uninfected women.®

The increased prevalence of TB in the case group compared
to the control group is statistically significant (p=0.018).
Published data regarding TB infection during the peripartum
period are sparse. This may be due to the fact that most LMICs
countries may not systematically collect data on TB infections
occurring during pregnancy. The burden of TB in pregnant
women appears to be substantial, estimated at 210 per 100 000
pregnant women globally in 2011.!° In sub-Saharan Africa, KZN
has the highest burden of TB infection.?

The risk of maternal mortality and death in women living
with TB is significant, with a twofold increase in preterm birth.'
Similarly, a prospective study at two hospitals in KwaZulu Natal
between 1996 and 2001 found an association between TB and
PTB (40%, n= 2 out of 5) and a high incidence of foetal growth
restriction.?

Inflammatory markers are shown to have useful predictive
value in the diagnosis and monitoring of PTL. The finding of an
elevated CRP in 46.4% of cases and 30% in controls (OR=2.022;
p=0.085) and a high WCC of 32.1% in cases and 18% in
controls (OR = 2.158, p=0.099) is in keeping with other studies
that have assessed the predictive role of inflammatory markers
in PTL.2%22 The monitoring of these biochemical parameters
to assess the maternal and foetal condition has definite value
in management, especially in PPROM, where delivery may be
indicated based on high inflammatory values.2?

The high rate of Candida growth found on vaginal swab testing
in pregnant women is in keeping with findings from most LMIC.
Prevalence studies show a vaginal Candida colonisation rate of
30% during pregnancy.** During pregnancy, vaginal Candida is
more common and difficult to eradicate because of the expected
physiological changes in the genitourinary tract.?*

CONCLUSION
An association between COVID-19 infection and spontaneous
PTL or PPROM was found, but statistical significance was not
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reached. The indirect effects of the pandemic and lockdowns
may have contributed to a change in the observed prevalence
of PTL and PPROM. Further research is needed on the impact
SARS-CoV-2 exposure and vaccination on obstetric and perinatal
outcomes.

The association of a positive history of pulmonary TB with
PTL and PPROM further highlights the need to investigate all
pregnant patients at risk of pulmonary TB to reduce maternal
and perinatal morbidity in LMICS. The perinatal period is an
important opportunity to prevent, screen, diagnose, and treat
those at high risk for TB. Furthermore, UTI’s were found to be
the most common precipitants of PTL and PPROM.

PTL and PPROM are associated with perinatal morbidity
and mortality and place a high burden on neonatal services.
Dedicated care and rigorous investigation should be prioritised
in at risk patients to prevent recurrence in future pregnancies.

Strengths and limitations of the study

This study is the first prospective study investigating
asymptomatic COVID-19 infection and PTL and PPROM in an
obstetric population in KZN province, South Africa.

In addition, the study design included a control group which
strengthened the validity of the findings.

The study is limited by the sensitivity and specificity of
COVID-19 testing.

A significant proportion, 36.8%, of urine samples were not
representative samples and could not contribute to the results.
And the actual proportion of patients with UTI may have, in fact,
been underestimated.

In addition, the study did not focus on patient and neonatal
outcomes that could have allowed us to draw further conclusions.
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