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Comparison of adverse pregnancy s

and birth outcomes using archival medical
records before and during the first wave

of the COVID-19 pandemic in Kinshasa,
Democratic Republic of Congo: a facility-based,
retrospective cohort study

Patrick J. Arena' ®, Camille Dzogang?, Adva Gadoth', Dalau Mukadi Nkamba?, Nicole A. Hoff', David Kampilu?,
Michael Beia?, Hui-Lee Wong?, Steven A. Anderson?, Didine Kaba® and Anne W. Rimoin'

Abstract

Background Little research has been conducted on the impact of the coronavirus disease 2019 (COVID-19) pan-
demic on either birth outcomes or the ability of archival medical records to accurately capture these outcomes.

Our study objective is thus to compare the prevalence of preterm birth, stillbirth, low birth weight (LBW), small for
gestational age (SGA), congenital microcephaly, and neonatal bloodstream infection (NBSI) before and during the first
wave of the COVID-19 pandemic in Kinshasa, Democratic Republic of Congo (DRC).

Methods We conducted a facility-based retrospective cohort study in which identified cases of birth outcomes were
tabulated at initial screening and subcategorized according to level of diagnostic certainty using Global Alignment of
Immunization Safety Assessment in pregnancy (GAIA) definitions. Documentation of any birth complications, delivery
type, and maternal vaccination history were also evaluated. The prevalence of each birth outcome was compared in
the pre-COVID-19 (i.e,, July 2019 to February 2020) and intra-COVID-19 (i.e., March to August 2020) periods via two-
sample z-test for equality of proportions.

Results In total, 14,300 birth records were abstracted. Adverse birth outcomes were identified among 22.0% and
14.3% of pregnancies in the pre-COVID-19 and intra-COVID-19 periods, respectively. For stillbirth, LBW, SGA, micro-
cephaly, and NBSI, prevalence estimates were similar across study periods. However, the prevalence of preterm birth
in the intra-COVID-19 period was significantly lower than that reported during the pre-COVID-19 period (8.6% vs.
11.5%, p<0.0001). Furthermore, the level of diagnostic certainty declined slightly across all outcomes investigated
from the pre-COVID-19 to the intra-COVID-19 period. Nonetheless, diagnostic certainty was especially low for certain
outcomes (i.e, stillbirth and NBSI) regardless of period; still, other outcomes, such as preterm birth and LBW, had
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facilities designated for COVID-19 care.

Africa.

immunization

moderate to high levels of diagnostic certainty. Results were mostly consistent when the analysis was focused on the

Conclusion This study succeeded in providing prevalence estimates for key adverse birth outcomes using GAIA
criteria during the COVID-19 pandemic in Kinshasa, DRC. Furthermore, our study adds crucial real-world data to the
literature surrounding the impact of the COVID-19 pandemic on maternal and neonatal services and outcomes in

Keywords Adverse birth outcomes, GAIA, Democratic Republic of Congo, Medical records, COVID-19, Maternal

Introduction

Despite tremendous progress by low- and middle-income
countries (LMICs) to reduce global child morbidity and
mortality, infectious diseases remain a leading cause of
death among children under five years of age [1]. Mater-
nal immunization seeks to address this problem by
reducing childhood morbidity and mortality associated
with vaccine-preventable diseases through the trans-
fer of protective antibodies from mother to child across
the placental barrier [2-4]. In order to better facili-
tate research into the safety of maternal immunization
approaches both within and across countries, the Global
Alignment of Immunization Safety Assessment in preg-
nancy (GAIA) project created standardized guidelines
and case definitions for the identification of maternal
immunization and neonatal outcomes [5]. Previously, we
evaluated the feasibility of facility-based archival medi-
cal records for the identification of neonatal health out-
comes as well as maternal vaccination using GAIA case
definitions in Kinshasa Province, Democratic Republic
of Congo (DRC); we concluded that these archival medi-
cal records could feasibly be utilized to screen and iden-
tify a variety of pregnancy and birth outcomes, such as
stillbirth, preterm birth, low birth weight (LBW), small
for gestational age (SGA), and congenital microcephaly
(despite some issues associated with interfacility variabil-
ity) [6].

In that study, we assessed medical records from July
1, 2019 to February 28, 2020, i.e., immediately prior to
the recognized onset of the coronavirus disease 2019
(COVID-19) pandemic in DRC. More specifically, the
first case of COVID-19 in DRC was reported on March
10, 2020 [7]. Within two weeks of this first case, the
Congolese government declared a nationwide state of
public health emergency. In Kinshasa (i.e., the capital),
the governor announced the total confinement of the
commune of Gombe, an affluent area where many key
governing bodies are stationed [8, 9]. Many feared that
such measures could lead to decreased access to health-
care, particularly maternal and neonatal health services,
as well as increased rates of adverse pregnancy and
birth outcomes throughout DRC and Africa in general

[10-13]. Nonetheless, recent research from eight sub-
Saharan African countries (including DRC) has indicated
that the most substantial reductions in medical services
during the pandemic were reported for outpatient con-
sultations and childhood vaccinations, while service uti-
lization for reproductive and maternal healthcare was
mixed [14]. Investigations in other LMICs (i.e., South
Africa [15], Pakistan [16], and Nepal [17]) have suggested
that lockdowns led to decreases in routine immuniza-
tions, institutional delivery rates, and/or the utilization
of child healthcare services. However, a recent inter-
rupted time series analysis found that maternal health
services and vaccinations were not significantly affected
by the pandemic itself or by lockdown measures during
the first wave of the pandemic in Kinshasa [18]. Beyond
policy implications though, the pandemic may negatively
impact pregnant women and their newborns directly via
infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) and/or the negative consequences
of stress associated with fear of the virus or economic
implications of lockdowns [19-21].

In the context of this societal disruption and potential
increase in healthcare system burden, it is vital to investi-
gate the effect of the COVID-19 pandemic and associated
policies on adverse birth outcomes and birth complica-
tions (which could be impacted by prenatal coronavirus
exposures) as well as the pandemic’s effect on medical
records-keeping accuracy, which may serve as an indica-
tor of overall health system robustness. Therefore, we ret-
rospectively surveilled and applied GAIA case definitions
to maternal tetanus immunization and adverse birth
outcomes during the first six months of the COVID-19
pandemic across delivery facilities throughout Kinshasa
Province; we then compared these results to our previous
findings from a similar investigation between July 1, 2019
to February 28, 2020 (i.e., the pre-COVID-19 period) [6].
Furthermore, we estimated the prevalence of adverse
birth outcomes of interest, performed crude compari-
sons against these same measures in the pre-COVID-19
period, and described rates of maternal tetanus immuni-
zation. Lastly, we also compared birth complications and
delivery type across the two time periods to provide a
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more comprehensive look at the impact of the pandemic
on pregnancy and maternal care.

Methods

Study design and procedures

The overall study design, site selection, and data col-
lection procedures have been described elsewhere
[6]. Briefly, we conducted a facility-based retrospec-
tive cohort study that began data collection in January
2020. Archival medical records of mother—child pairs
from births taking place in delivery centers throughout
Kinshasa Province between July 1, 2019 and February
28, 2020 were first collected and digitized. Due to the
COVID-19 pandemic, a second phase of data collection
and digitization was performed on the archival medical
records of mother—child pairs from births taking place
in the same delivery centers between March 1, 2020
and August 31, 2020. The ten study sites, which were all
within Kinshasa Province, in this study were as follows:
Bomoi, Bondeko, Lisanga, Siloe Bdom, and Bosembo
health centers; Esengo, Mokali, Saint Joseph, and Kin-
shasa general hospitals; and Ngaliema clinic. Data
abstractors, who were trained in data collection method-
ology prior to initiation of study activities, collected and
then digitally uploaded data from paper medical records
stored at each study site in a two-stage process. First,
each birth record was digitally recorded using Open
Data Kit software and uploaded to an online server; then,
these data were downloaded and screened to identify
births that appeared to meet definitions for any of the six
adverse birth and neonatal outcomes of interest, referred
to here as “cases”” If a new birth was identified as a case, a
supplementary module to collect additional information
on the mother was implemented.

Outcome measures
This study had three primary outcomes: adverse birth
outcomes (including their GAIA classifications), mater-
nal antenatal vaccination (including its GAIA classifica-
tion), and birthing characteristics. The six adverse birth
outcome endpoints included: neonatal bloodstream
infection (NBSI), congenital microcephaly, LBW, pre-
term birth, SGA, and stillbirth. Identified cases of each
outcome from March 1, 2020 and August 31, 2020 were
tabulated at initial case screening, and then refined and
subcategorized according to level of diagnostic certainty
using GAIA case definitions [22-27]. Additionally, for
all identified cases of adverse birth outcomes, maternal
antenatal vaccination history was assessed. Lastly, docu-
mentation of any birth complications as well as the deliv-
ery type were evaluated for all pregnancies.

The initial screening processes as well as the applica-
tion of GAIA case definitions for the establishment of
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diagnostic certainty are explained elsewhere [6]. Briefly,
instances of stillbirth and NBSI were screened by indica-
tion as such in the birth record. Cases of LBW were iden-
tified in the screening module according to the World
Health Organization (WHO) cutoff of 2500 g. Simi-
larly, preterm births were identified by either indication
as such in the birth record or a gestational age at birth
recorded as less than 37 weeks in the birth record. To
the best of our knowledge, no country-specific pediat-
ric growth charts exist in DRC; thus, cases of congenital
microcephaly and SGA were classified using reference
charts from the INTERGROWTH-21st project [28] as
well as methodology laid out by The Brighton Collabo-
ration Congenital Microcephaly Working Group and
the WHO [25, 29]. Each identified case was classified
according to GAIA case definition criteria, where Level
1 represents the highest diagnostic specificity and Level
4 represents poor/insufficient information for case con-
firmation. We additionally included a new category, Level
5, to describe cases that did not meet any diagnostic cer-
tainty standards.

The presence of maternal antenatal vaccination for
tetanus was recorded using antenatal care records among
the mothers of identified adverse birth outcome cases;
GAIA criteria were then applied to classify maternal vac-
cinations [30]. To assess birthing complications, abstrac-
tors reviewed archival birth records for the presence
of any of the following delivery-related complications:
antepartum/postpartum hemorrhage, retained placenta,
obstructed labor, maternal death, and other complica-
tions. For delivery type, abstractors noted whether the
birth record indicated one of the following types of deliv-
ery: vaginal birth, Cesarean section, or unspecified.

Statistical analysis
For this analysis, we refer to the birth records collected
from July 1, 2019 through February 28, 2020 as the pre-
COVID-19 period, and the birth records collected from
March 1, 2020 through August 31, 2020 as the intra-
COVID-19 period. Basic demographic information on
the mothers and their newborns was tabulated for the
intra-COVID-19 period; means with standard deviations
(SDs) and medians with ranges were calculated for con-
tinuous variables while proportions were provided for
categorical variables. Moreover, in the intra-COVID-19
period, the following three sites were further designated
as COVID-19 care facilities due to the fact that these
facilities had specific areas and/or units for COVID-19
patients: Saint Joseph hospital, Kinshasa general hospital,
and Ngaliema clinic.

The prevalence of each birth outcome of interest was
estimated in both periods. Birth outcomes of inter-
est were assessed for both intra-site prevalence and an
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overall prevalence within each period. The overall preva-
lence of each outcome was compared across time periods
via two-sample z-test for equality of proportions; statisti-
cal significance was determined at the 0.05 level of signif-
icance. Additionally, the intra-site prevalence and GAIA
classification schemes were compared across time peri-
ods via direct comparison. Only descriptive statistics (i.e.,
frequencies and percentages) were generated for birth
complications and birthing type in both time periods.

Furthermore, a sensitivity analysis was performed to
determine whether results differed when the date of the
first documented case of COVID-19 in DRC (i.e., March
10, 2020) was used as a cutoff between pre-COVID-19
and intra-COVID-19 periods in place of February 28,
2020 [7]. Lastly, a sensitivity sub-analysis was performed
among the three health facilities designated as COVID-
19 care facilities for LBW, preterm birth, stillbirth, and
SGA to better isolate any impacts of the COVID-19
pandemic on these outcomes by comparing across time
periods via two-sample z-test for equality of proportions.
NBSI and microcephaly were not included as outcomes
in this sub-analysis due to potential measurement error
that we have discussed previously for these outcomes
[6]. Statistical analyses were performed using R version
4.0.4 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Study population

A total of 14,300 birth records were abstracted across
the two study time periods. Records from 7,697 births
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taking place during the pre-COVID-19 period have been
extensively described elsewhere [6]. For the 6,603 birth
records extracted from medical archives for review dur-
ing the intra-COVID-19 period, the number of docu-
mented births in the study period ranged from 298 to 943
per delivery center. About one-third (n=2,367) of births
recorded in this period met at least one case definition
for an adverse event (Table 1). Mothers were on average
28.5 years of age at delivery (SD =6.36) and had a median
of three previous pregnancies (range: O to 13). There
were more male (53.2%) than female (46.8%) newborns
recorded during the intra-COVID-19 period (data not
shown). During the intra-COVID-19 period, case type
identification from the initial screening module com-
pleted for all births in the study period ranged from 1.4%
(NBSI) to 18.5% (SGA) of births reviewed (Table 1).

GAIA standards for intra-COVID-19 birth outcomes

In total during the intra-COVID-19 period, 9.9% of
screened cases for any outcome met Level 1 criteria, 0.4%
met Level 2, 50.7% met Level 3, and 32.8% met Level 4.
The remaining 6.2% of screened cases were categorized
as Level 5. All cases of screened LBW met some level of
GAIA standard, with almost half categorized at Level
1 (43.8%), and the remaining cases falling into Levels 3
(25.5%) or 4 (30.6%). Virtually all birth records screen-
ing positive for preterm birth (96.8%) were classifiable
according to GAIA standards; among these classifiable
cases, 48.9% met Level 3B criteria, 45.6% met Level 3A
criteria, and 2.3% (n=13) met Level 2A criteria. Half
of all stillbirth cases identified in the initial screening

Table 1 Screened cases of adverse birth outcomes by study site and overall, March 1, 2020 — August 31, 2020, Kinshasa, DRC

Health Facility Stillbirth  Preterm Birth* LBW SGA Microcephaly NBSI Any Case Type Total
n (%) n (%) n (%) n (%) n (%) n (%) n (%) Records
Reviewed
n (%)
Bomoi Health Center 4(04) 13(14) 53(5.6) 55(5.8) 36 (3.8) 2(0.2)  92(9.8) 943 (100.0)
Bondeko Health Center 11 (1.5) 59(7.8) 86 (11.4) 179(23.7)  93(123) 34(4.5) 336 (44.4) 756 (100.0)
Lisanga Health Center 12(1.4) 69 (8.0) 73 (8.5) 208(24.2) 10(1.2) 9(1.0) 280(326) 860 (100.0)
Siloe Bdom Health Center 13(2.3) 23 (4.0 41(7.2) 38(6.7) 12(19.7) 3(0.5) 157 (27.6) 568 (100.0)
Bosembo Health Center 8 (27) 3(1.0 49 (164) 67 (22.5) 167 (56.0) 1(0.3) 85 (62.1) 298 (100.0)
Esengo General Hospital 7(2.7) 23(3.6) 91 (144) 190 (30.0) 62(9.8) 2(0.3) 258(40.7) 634 (100.0)
Mokali General Hospital 9(4.5) 26 (6.1) 52(122) 34(8.0) 48 (11.3) 3(0.7) 9(27.9) 426 (100.0)
Saint Joseph General Hospital 41 (6.8) 67 (11.1) 82(13.6) 108(17.9) 84(13.9) 23(3.8) 258(42.8) 603 (100.0)
Kinshasa General Hospital 97 (15.6) 151 (24.3) 166 (26.7) 127 (20.4) 9(3.1) 1(0.2) 338(54.3) 622 (100.0)
Ngaliema Clinic 9(1.0) 132 (14.8) 126 (14.1) 213(239) 77 (8.6) 13(1.5) 344(385) 893 (100.0)
Total 231(3.5) 566 (8.6) 819 (124) 1219(185) 708(10.7) 91 (1.4) 2367 (35.8) 6603 (100.0)

Row percentages describe site-specific prevalence of each birth outcome of interest. Outcomes are not mutually exclusive

" Preterm birth definition met by binary variable indication (yes/no), or by gestational age < 37 weeks recorded in the birth record. (This definition was used in the

screening module to determine case module requirement.)

DRC Democratic Republic of Congo, LBW Low birth weight, SGA Small for gestational age, NBS/ Neonatal bloodstream infection
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module were also classifiable by GAIA standards (50.2%).
Nearly all of these were classified at Level 4, except for
one case from Siloe Bdom health center that was iden-
tified at Level 2. Though few cases screened positive for
NBSI, only one case from Kinshasa general hospital met
any level of diagnostic certainty (i.e., Level 2); thus, the
remaining cases were categorized at Level 5. Of screened
SGA cases, a majority were categorized at Level 3A
(52.4%) with remaining cases falling into Level 4 (47.6%).
About two-thirds (65.0%) of microcephaly cases were
classifiable at Level 3A, with almost all remaining cases at
Level 4; only one screened microcephaly case was unclas-
sifiable and thus labeled as Level 5 (Fig. 1).

Maternal vaccination during the intra-COVID-19 period

Among the 2,367 mothers of infants identified as a
case in the initial screening module during the intra-
COVID-19 period, all mothers with recovered tetanus
vaccination history for the index pregnancy (n=761,
32.2% of all case mothers) had sufficient information
recovered to be classifiable per GAIA standards (Table 2).

Birth Outcome Record Quality, by Health Center and Outcome
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In total, 399 maternal tetanus vaccinations (52.4% of vac-
cinated case mothers) were classifiable at GAIA Level 3,
and 362 vaccinations were classifiable at Level 2 (47.6% of
vaccinated case mothers). No maternal vaccinations were
classifiable at GAIA Level 1 due to the fact that there was
no evidence of any of the following items identified in the
birth record: vaccine name, vaccine manufacturer, and/
or vaccine lot number. GAIA comparisons between time
periods were not made due to the fact that a large num-
ber of maternal vaccinations among mother—child pairs
recorded during the intra-COVID-19 actually occurred
during the pre-COVID-19 period.

Pre-pandemic and intra-pandemic comparisons

Birth complications were identified among 22.0% and
14.3% of pregnancies in the pre-COVID-19 and intra-
COVID-19 periods, respectively. The status of birth
complications was unknown in a higher proportion of
pregnancies in the pre-COVID-19 period (25.6%) com-
pared to the intra-COVID-19 period (19.9%). No mater-
nal deaths were reported in the pre-COVID-19 period,

Bomoi Bondeko Bosembo Esengo Kinshasa Lisanga
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Fig. 1 Adverse birth outcomes by study site and overall, according to GAIA classification of diagnostic certainty.

GAIA =Global Alignment of Immunization safety Assessment in pregnancy, LBW =Low birth weight, NBSI=Neonatal bloodstream infection,
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Table 2 Maternal tetanus vaccination during index pregnancy for mothers of cases, classifiable by GAIA criteria, by study site and

overall
Health Facility GAIA Definition Met Level 5 Total
(Missing)* n (%)
Level 1 Level 2 Level 3 n (%)
n (%) n (%) n (%)
Bomoi Health Center 0(0.0) 67 (72.8) 0(0.0) 25(27.2) 92 (100.0)
Bondeko Health Center 0(0.0) 1(0.3) 247 (73.5) 88(26.2) 336 (100.0)
Lisanga Health Center 0(0.0) 157 (56.1) 3(1.1) 120 (42.9) 280 (100.0)
Siloe Bdom Health Center 0(0.0) 0(0.0) 54 (34.4) 103 (65.6) 57 (100.0)
Bosembo Health Center 0(0.0) 3(1.6) 9 (4.9) 173 (93.5) 185 (100.0)
Esengo General Hospital 0(0.0) 0(0.0) 0(0.0) 258 (100.0) 258 (100.0)
Mokali General Hospital 0(0.0) 33 (27.7) 0(0.0) 86 (72.3) 119 (100.0)
Saint Joseph General Hospital 0(0.0) 0 (0.0) 70 (27.1) 188 (72.9) 258 (100.0)
Kinshasa General Hospital 0(0.0) 0(0.0) 4(1.2) 334 (98.8) 338 (100.0)
Ngaliema Clinic 0(0.0) 101 (29.4) 12 (3.5) 231(67.2) 344 (100.0)
Total 0(0.0) 362 (15.3) 399 (16.9) 1606 (67.8) 2367 (100.0)

Maternal vaccination assessed only for those births screened as cases in the initial module. All mothers with a discernable record of tetanus vaccination during the
specific pregnancy under investigation from birth record screening (n=731) met at least one Level of GAIA diagnostic certainty criteria for maternal vaccination. Row
percentages describe site-specific breakdown of GAIA levels met for maternal tetanus vaccination information

" Missing indicates missing vaccination history for the specific pregnancy under investigation, even if maternal records were identified and linked to the birth record.
This includes case mothers with a history of tetanus vaccination that occurred prior to the pregnancy that resulted in the birth investigated

GAIA Global Alignment of Immunization safety Assessment in pregnancy

Table 3 Comparison of birth characteristics between the pre-
pandemic and intra-pandemic periods, overall

Birth Characteristic Pre-COVID-19 Intra-COVID-19
n % n %
Birth complications
No 4031 52.4% 4344 65.8%
Unknown 1971 25.6% 1315 19.9%
Yes 1695 22.0% 944 14.3%
Antepartum/postpartum 140 8.3% 111 11.8%
hemorrhage
Retained placenta 7 0.4% 7 0.7%
Obstructed labor 23 1.4% 22 2.3%
Maternal death 0 0.0% 4 0.4%
Other/unknown 1525 90.0% 800 84.7%
Delivery type
Vaginal 6206 80.6% 5474 82.9%
Cesarean 1137 14.8% 1015 15.4%
Unspecified 354 4.6% 114 1.7%

yet four maternal deaths (0.4% among identified compli-
cations) were reported in the intra-COVID-19 period.
The proportion of Cesarean sections was virtually the
same in both periods (i.e., 14.8% and 15.4% in the pre-
COVID-19 and intra-COVID-19 periods, respectively)
(Table 3). The intra-COVID-19 prevalence was similar
to the pre-COVID-19 prevalence for all birth outcomes
across all study sites, other than preterm birth, which
appeared significantly lower in the intra-COVID-19

period than during the pre-COVID-19 period (8.6%
vs. 11.5%, p<0.0001). Nonetheless, the prevalence of
some conditions differed across the two time periods
within study sites; for example, the prevalence of LBW
decreased from 22.3% in the pre-COVID-19 period to
16.4% in the intra-COVID-19 period at Bosembo health
center (Table 4).

With regards to GAIA classifications, the level of
diagnostic certainty declined slightly from the pre-
COVID-19 to the intra-COVID-19 period. Overall, 31.8%
of all screened cases were classified as Level 4 or 5 in the
pre-COVID-19 period, rising to 39.0% of all screened
cases in the intra-COVID-19 period. The proportion
of cases classified at Level 2 increased during the intra-
COVID-19 period, although the total number of cases
classified as Level 2 in either period was very low. This
increase in Level 2 classifications was driven primarily
by preterm births (specifically at Kinshasa general hospi-
tal). At the health facility level, most health facilities fol-
lowed the general trend of an increase in the proportion
of cases classified as Level 4 or 5 in the intra-COVID-19
period (Fig. 2). Classification schemes at a few facili-
ties remained relatively stable for some outcomes. For
instance, the classification percentages for every birth
outcome except for microcephaly remained generally
unchanged at Lisanga health center across time periods.
Among the facilities that were designated as COVID-19
care facilities, the proportion of Level 4 classifications
slightly increased for microcephaly and SGA from the
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Table 4 Comparison of adverse birth outcome prevalence estimates by study site and overall between the pre-pandemic and intra-
pandemic periods

Health Facility Stillbirth Preterm Birth LBW SGA Microcephaly NBSI

Pre Intra Pre Intra Pre Intra Pre Intra Pre Intra Pre Intra
Bomoi Health Center 1.0% 0.4% 1.7% 1.4% 6.0% 5.6% 6.0% 5.8% 4.1% 38% 0.1% 0.2%
Bondeko Health Center 0.8% 1.5% 7.7% 7.8% 91% 114% 223%  23.7% 66%  123%  1.0% 4.5%
Lisanga Health Center 1.6% 1.4% 6.3% 8.0% 5.5% 85% 155%  24.2% 0.8% 1.3%  06% 1.1%
Siloe Bdom Health Center 1.1% 2.3% 4.0% 41% 105% 72% 10.1% 6.7% 48% 197% 02% 0.5%
Bosembo Health Center 0.3% 2.7% 0.3% 1.0% 223%  164% 27.1%  225% 71.1%  56.0%  0.6% 0.3%
Esengo General Hospital 2.5% 2.7% 7.5% 36% 147%  144% 294%  30.0% 152% 98%  0.3% 0.3%
Mokali General Hospital 52% 45% 33.8% 6.1% 112%  122% 8.3% 80% 143% 113% 14% 0.7%
Saint Joseph General Hospital 6.8% 6.8% 11.8% 1.1%  126%  136% 167% 179% 141%  139% 7.6% 3.8%
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Fig. 2 Comparison of diagnostic classification schemes by study site and overall between pre-pandemic and intra-pandemic periods
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pre-COVID-19 period to the intra-COVID-19 period
(resulting in less Level 3A classifications), except at Saint
Joseph hospital. At Saint Joseph hospital specifically,
nearly all stillbirths were classified as Level 4 during the
pre-COVID-19 period, but only about half were classified
as such in the intra-COVID-19 period (with the other
half falling into Level 5) (Fig. 2).

Sensitivity analyses

Sensitivity analyses demonstrated that the results did not
significantly change as a result of adjusting the cutoft date
for the intra-COVID-19 period (data not shown). For the
sensitivity sub-analysis among the three health facili-
ties noted as COVID-19 care facilities, we again did not
observe any major differences for LBW, SGA, and still-
birth between the pre-COVID-19 and intra-COVID-19
periods. Of note, a statistically significant drop in pre-
term births was observed in the intra-COVID-19 period
only at Kinshasa general hospital (with no such statisti-
cally significant decline observed at either Saint Joseph
hospital or Ngaliema clinic). Additionally, the overall
GAIA classification schemes appeared mostly consistent
between the pre-COVID-19 and intra-COVID-19 peri-
ods at all three health facilities (Supplemental Material).

Discussion

This study examined 14,300 newborn-mother pairs over
a 14-month period throughout Kinshasa Province, DRC
in order to assess the quality and content of archival
medical records and make note of changes in the preva-
lence of screened maternal and neonatal outcomes in the
context of the COVID-19 pandemic. We estimated the
prevalence of key adverse birth outcomes using GAIA
case definitions and compared these results to data from
a birth cohort collected immediately prior to the start
of the COVID-19 pandemic officially reaching DRC
(i.e., March 2020). We found that most adverse birth
outcomes did not significantly decline during the intra-
COVID-19 period. Furthermore, we observed that the
level of diagnostic certainty of cases recorded in medical
archives declined only slightly from the pre-COVID-19
to the intra-COVID-19 periods.

To our knowledge, this study is one of the first investi-
gations into the suitability of GAIA case definitions for
use in LMICs during the COVID-19 pandemic. Due to
the potentially negative impact of the COVID-19 pan-
demic on the functionality of health systems [31], it was
expected that the overall quality of the data and records
keeping would decline, thus leading to less diagnostic
certainty for birth and neonatal outcomes of interest.
However, our findings suggest that the application and
utilization of GAIA case definitions may in fact be dura-
ble to disruptive external events (i.e., the pandemic and
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associated governmental policies) as the overall level of
diagnostic certainty fell only slightly across study sites
during the intra-COVID-19 period. Although we did
observe a drop in the level of diagnostic certainty for
some outcomes, particularly microcephaly and SGA, this
decline was not severely detrimental across all health
facilities (i.e., regardless of whether facilities were desig-
nated for COVID-19 care or not). For other outcomes,
such as stillbirth and LBW, we did not observe any mean-
ingful drop in the level of diagnostic certainty (at the
overall level); for LBW in particular though, it should
be noted that case definitions relied entirely on health
facility-specific equipment availability and use, which are
characteristics that did not change across the time peri-
ods. Still, this potential durability is especially salient in
a country such as DRC where regular infectious disease
outbreaks (e.g., Ebola, cholera, and measles) and associ-
ated public health responses are common [32-34]. How-
ever, it should be noted that an alternative explanation is
that the low number of symptomatic COVID-19 cases
recorded in DRC during the intra-COVID-19 period [35]
may have not resulted in any meaningful increases in
healthcare workload and thus may not have significantly
affected records-keeping capabilities at these health facil-
ities. Moreover, it could also be the case that the archi-
val records system already had relatively low diagnostic
capability prior to the pandemic (due to missing data and
a lack of standardized protocols, for example [6]) that the
pandemic did not impact it in any meaningful way.

We also found that the prevalence estimates of micro-
cephaly, LBW, SGA, stillbirth, and NBSI did not change
during the intra-COVID-19 period, while the preva-
lence of preterm birth declined from before to during
the COVID-19 pandemic. A clear picture regarding the
association between the first wave of the COVID-19
pandemic and adverse birth outcomes has not yet been
established in the literature; however, a meta-analysis
of forty studies on adverse birth outcomes in seventeen
countries concluded that the first wave of the COVID-
19 pandemic led to significant increases in the follow-
ing outcomes only: maternal deaths, stillbirth, ruptured
ectopic pregnancies, and maternal depression. Authors
of the meta-analysis highlighted that other outcomes
showed “considerable disparity between high-resource
and low-resource settings” Of note, Botswana was the
only country from sub-Saharan Africa included in that
meta-analysis, while high-income countries (such as
Italy, the United States of America, and the United King-
dom) were overrepresented [36]. The analysis conducted
in Botswana — which was a nationwide birth outcomes
surveillance study — reported a 1.27-percentage-point
decrease (95% confidence interval: —2.71%, 0.17%) in the
risk of preterm birth but no change in the risk of stillbirth
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during the intra-COVID-19 period [37], a finding mostly
in line with the results reported here.

Other observational studies in Argentina [38], China
[39], Denmark [40], Iceland [41], Israel [42], and South
Korea [43] also reported decreasing preterm birth rates
during the intra-COVID-19 period. Although the exact
mechanism of this decrease is unknown, some research-
ers posit that the overall reduction in infectious dis-
ease incidence, potential lessening of stress levels due
to remote work, and/or the reduction of exposure to air
pollution as a result of mitigation measures may all play
a role [37, 44]. However, it should be noted that other
observational studies (such as those conducted in Aus-
tria [45], Canada [46], Jordan [47], and Sweden [48]) con-
cluded that there was in fact no change in the preterm
birth rate during the first wave of the COVID-19 pan-
demic. A similar discrepancy in the literature exists for
stillbirth as some investigations (e.g., studies performed
in Australia [49], France [50], Spain [51], and Zimbabwe
[52]) report the absence of any association between the
COVID-19 pandemic and stillbirth, while other inves-
tigations (e.g., studies performed in Ethiopia [53, 54],
India [55], Italy [56], and Nigeria [57]) reported increased
rates of stillbirth during the first wave of the COVID-19
pandemic.

Nonetheless, a more recent study from Naqvi et al. [58]
analyzed population-based data on approximately 28,000
births from Maternal and Newborn Health Registry sites
in western Kenya, Zambia (i.e., Kafue and Chongwe),
and DRC (i.e., North and South Ubangi Provinces) and
found that there was no difference in the risk of still-
birth, preterm birth, or LBW during the intra-COVID-19
period compared to the pre-COVID-19 period. Thus, as
the mixed results from these studies demonstrate, fur-
ther research in this area (especially within the context
of sub-Saharan Africa) is needed to help better clarify
the impact of the COVID-19 pandemic and associated
policies on adverse birth outcomes. Regarding birth
complications and delivery type though, the aforemen-
tioned meta-analysis found that there was no significant
change in the Cesarean section prevalence before versus
during the pandemic and that this effect was consistent
when stratified by high-resource and low-resource set-
tings [36], a finding that aligns with our DRC cohort.
For maternal deaths, Chmielewska et al. concluded that
the COVID-19 pandemic led to an increase in maternal
deaths [36]. Although our study suffers from high levels
of missing data for this outcome, our data also tenta-
tively suggests such a potential association between the
COVID-19 pandemic and maternal death.

Ultimately, the results of this investigation should be
interpreted in light of its limitations. First, it should be
emphasized that case identification rates noted here
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reflect both the true prevalence of the adverse birth
and neonatal outcomes of interest in the study popula-
tion as well as limitations of the information recorded
in archived medical records (i.e., measurement error,
missing data, etc.). Relatedly, due to the inability of the
medical records to provide information on either the full
neonatal period (i.e., 28 days) or laboratory findings, the
prevalence of NBSI reported here most likely represents
an underestimate of the true prevalence; although we
attempted to track and link pediatric records to screened
birth records for further assessment across the full neo-
natal period, this process ultimately did not result in
a sizable increase in the information needed for NBSI
screening/classification. Moreover, crude time-based
comparisons conducted here may be subject to uncon-
trolled confounding (due to differences in care between
the two periods, for example). Furthermore, we were not
able to account for any potential seasonality of the out-
comes due to the crude pre-post method employed here.
We therefore recommend that future investigators in this
area overcome these limitations by utilizing alternative
data (such as the DRC District Health Information Sys-
tem 2 dataset [59]) and/or employing more robust sta-
tistical methods that account for confounding, missing
data, and potential seasonality.

Additionally, the results of this study may not be gen-
eralizable outside of Kinshasa Province; therefore, any
conclusions made here do not necessarily apply to other
provinces in DRC. Lastly, we were unable to assess the
SARS-CoV-2 infection status of mothers included in our
cohort; thus, we were only able to make general obser-
vations about how the COVID-19 pandemic may have
impacted pregnancies and births at the ecological level.
These data are therefore not suitable for drawing conclu-
sions about how SARS-CoV-2 infection might physiolog-
ically impact pregnancy at the individual level.

Conclusion

This study succeeded in providing prevalence estimates
for key adverse birth outcomes of interest using GAIA
criteria during the COVID-19 pandemic. Furthermore,
our study adds to the growing literature regarding the
impact of the COVID-19 pandemic on maternal and neo-
natal services and outcomes in Africa and also provides
crucial real-world data in the Congolese context. Still,
wide discrepancies in prevalence estimates across study
sites suggest that measurement error may have impacted
medical records. Nonetheless, we hope that this study
can help promote the utilization of existing health infor-
mation in the form of medical records as an innovative
way to collect data (as recommended by Nzolo et al. [60])
and thus position such data as an integral part of the sur-
veillance infrastructure within DRC.
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NBSI Neonatal bloodstream infection

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SD Standard deviation

SGA Small for gestational age

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-022-05291-w.

[ Additional file 1. J

Acknowledgements

The authors would like to acknowledge the efforts of our data collectors,

the hospitals and delivery centers who agreed to participate in this research
project, and the Provincial Health Department of Kinshasa, without whom this
study would not have been possible.

Authors’ contributions

PJA, CD, AG, DMN, NAH, DK, and AWR contributed to the study design. PJA, CD,
AG, DMN, and NAH contributed to data analyses. CD, DMN, NAH, DK, MB, and
DK oversaw the data collection procedures and quality controls. PJA, CD, AG,
DMN, and NAH drafted the manuscript with input from DK, MB, HLW, SAA, DK,
and AWR. All authors read and approved the final manuscript.

Funding

This work was supported by the U.S. Food and Drug Administration [grant
#75F40119C10054]. and the Faucett Catalyst Fund. The U.S. Food and Drug
Administration [via HLW and SAA] provided input on the interpretation of the
data as well comments on the final manuscript.

Availability of data and materials
Data collected and analyzed as a part of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Institutional review board (IRB) approval was obtained from the University

of California, Los Angeles (IRB#19-002150) as well as the Kinshasa School of
Public Health at the University of Kinshasa (ESP/CE/300/2019), which served
as the local ethics committee. During this retrospective study, no informed
consent process took place, as no active participant recruitment or enroliment
were performed. All methods were carried out in accordance with relevant
guidelines and regulations in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests

PJA was a part-time contractor for Pfizer, Inc. during the conduct of the study.
HLW and SAA are employees of the U.S. Food and Drug Administration, which
funded this study. CD, AG, DMN, NAH, DK, MB, DK, and AWR have no compet-
ing interests to declare.

Author details

'Department of Epidemiology, Fielding School of Public Health, University

of California, Los Angeles, Los Angeles, California, USA. 2UCLA-DRC Health
Research and Training Program, Kinshasa, Democratic Republic of Congo.
3Kinshasa School of Public Health, University of Kinshasa, Kinshasa, Democratic

Page 10 of 12

Republic of Congo. “Office of Biostatistics and Pharmacovigilance, U.S. Food
and Drug Administration, Silver Spring, Maryland, USA.

Received: 16 June 2022 Accepted: 7 December 2022
Published online: 16 January 2023

References

1.

United Nations Inter-agency Group for Child Mortality Estimation (UN
IGME). Levels & Trends in Child Mortality: Report 2019, Estimates devel-
oped by the United Nations Inter-agency Group for Child Mortality
Estimation [Internet]. New York: United Nations Children’s Fund; 2019.
Available from: https://www.unicef.org/reports/levels-and-trends-
child-mortality-report-2019.

Omer SB. Maternal Immunization. N Engl J Med. 2017,376(13):1256-67.
Engmann C, Fleming JA, Khan S, Innis BL, Smith JM, Hombach J, et al.
Closer and closer? Maternal immunization: current promise, future
horizons. J Perinatol. 2020;40(6):844-57.

World Health Organization. Maternal immunization and antenatal
care service delivery situation analysis: report of the MIACSA project,
2016-2019 [Internet]. Geneva: World Health Organization; 2020. Avail-
able from: https://www.who.int/publications/i/item/9789240004016.
Bonhoeffer J, Kochhar S, Hirschfeld S, Heath PT, Jones CE, Bauwens J,
et al. Global alignment of immunization safety assessment in preg-
nancy - The GAIA project. Vaccine. 2016;34(49):5993-7.

Gadoth A, Mukadi Nkamba D, Arena PJ, Hoff NA, Dzogang C, Kampilu
D, et al. Assessing the feasibility of passive surveillance for maternal
immunization safety utilizing archival medical records in Kinshasa.
Democratic Republic of the Congo Vaccine. 2022;40(26):3605-13.
World Health Organization. First case of COVID-19 confirmed in the
Democratic Republic of the Congo [Internet]. WHO | Regional Office
for Africa. [cited 2022 Jan 10]. Available from: https://www.afro.who.
int/news/first-case-covid-19-confirmed-democratic-republic-congo.
Nachega JB, Mbala-Kingebeni P, Otshudiema J, Mobula LM, Preiser W,
Kallay O, et al. Responding to the Challenge of the Dual COVID-19 and
Ebola Epidemics in the Democratic Republic of Congo-Priorities for
Achieving Control. Am J Trop Med Hyg. 2020;103(2):597-602.

Juma CA, Mushabaa NK, Abdu Salam F, Ahmadi A, Lucero-Prisno DE.
COVID-19: The Current Situation in the Democratic Republic of Congo.
Am J Trop Med Hyg. 2020;103(6):2168-70.

Feyissa GT, Tolu LB, Ezeh A. Impact of COVID-19 Pandemic on Sexual
and Reproductive Health and Mitigation Measures: The Case of Ethio-
pia. Afr J Reprod Health. 2020;24(s1):24-6.

. Govender D, Naidoo S, Taylor M. Don't Let Sexual and Reproduc-

tive Health become Collateral Damage in the Face of the COVID-

19 Pandemic: A Public Health Perspective. Afr J Reprod Health.
2020;24(s1):56-63.

Oyediran KA, Makinde OA, Adelakin O.The Role of Telemedicine in
Addressing Access to Sexual and Reproductive Health Services in sub-
Saharan Africa during the COVID-19 Pandemic. Afr J Reprod Health.
2020;24(s1):49-55.

Adelekan B, Goldson E, Abubakar Z, Mueller U, Alayande A, Ojogun

T, et al. Effect of COVID-19 pandemic on provision of sexual and
reproductive health services in primary health facilities in Nigeria: a
cross-sectional study. Reprod Health. 2021;18(1):166.

Shapira G, Ahmed T, Drouard SHP, Amor Fernandez P, Kandpal E, Nzelu
C, et al. Disruptions in maternal and child health service utilization
during COVID-19: analysis from eight sub-Saharan African countries.
Health Policy Plan. 2021;36(7):1140-51.

Siedner MJ, Kraemer JD, Meyer MJ, Harling G, Mngomezulu T, Gabela
P et al. Access to primary healthcare during lockdown measures for
COVID-19in rural South Africa: an interrupted time series analysis. BMJ
Open. 2020;10(10): e043763.

Chandir S, Siddigi DA, Setayesh H, Khan AJ. Impact of COVID-19
lockdown on routine immunisation in Karachi. Pakistan Lancet Glob
Health. 2020;8(9):e1118-20.

Kc A, Gurung R, Kinney MV, Sunny AK, Moinuddin M, Basnet O, et al.
Effect of the COVID-19 pandemic response on intrapartum care,
stillbirth, and neonatal mortality outcomes in Nepal: a prospective
observational study. Lancet Glob Health. 2020;8(10):e1273-81.


https://doi.org/10.1186/s12884-022-05291-w
https://doi.org/10.1186/s12884-022-05291-w
https://www.unicef.org/reports/levels-and-trends-child-mortality-report-2019
https://www.unicef.org/reports/levels-and-trends-child-mortality-report-2019
https://www.who.int/publications/i/item/9789240004016
https://www.afro.who.int/news/first-case-covid-19-confirmed-democratic-republic-congo
https://www.afro.who.int/news/first-case-covid-19-confirmed-democratic-republic-congo

Arena et al. BMC Pregnancy and Childbirth

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

(2023) 23:31

. Hategeka C, Carter SE, Chenge FM, Katanga EN, Lurton G, Mayaka

SMN, et al. Impact of the COVID-19 pandemic and response on the
utilisation of health services in public facilities during the first wave
in Kinshasa, the Democratic Republic of the Congo. BMJ Glob Health.
2021,6(7): €005955.

. Abdoli A, Falahi S, Kenarkoohi A, Shams M, Mir H, Jahromi MAM. The

COVID-19 pandemic, psychological stress during pregnancy, and risk of
neurodevelopmental disorders in offspring: a neglected consequence.
J Psychosom Obstet Gynaecol. 2020;41(3):247-8.

Dashraath P, Wong JLJ, Lim MXK, Lim LM, Li S, Biswas A, et al. Corona-
virus disease 2019 (COVID-19) pandemic and pregnancy. Am J Obstet
Gynecol. 2020;222(6):521-31.

Saccone G, Florio A, Aiello F, Venturella R, De Angelis MC, Locci M, et all.
Psychological impact of coronavirus disease 2019 in pregnant women. Am J
Obstet Gynecol. 2020,223(2):293-5.

Cutland CL, Lackritz EM, Mallett-Moore T, Bardaji A, Chandrasekaran R,
Lahariya C, et al. Low birth weight: Case definition & guidelines for data
collection, analysis, and presentation of maternal immunization safety data.
Vaccine. 2017;35(48):6492-500. https://doi.org/10.1016/jvaccine.2017.01.
049.

Schlaudecker EP, Munoz FM, Bardaji A, Boghossian NS, Khalil A, Mousa H,

et al. Small for gestational age: Case definition & guidelines for data col-
lection, analysis, and presentation of maternal immunisation safety data.
Vaccine. 2017;35(48 A):6518-28. https://doi.org/10.1016/j.vaccine.2017.01.
040.

Tavares Da Silva F, Gonik B, McMillan M, Keech C, Dellicour S, Bhange

S, et al. Stillbirth: Case definition and guidelines for data collection,

analysis, and presentation of maternal immunization safety data. Vaccine.
2016;34(49):6057-68. https://doi.org/10.1016/j.vaccine.2016.03.044.

DeSilva M, Munoz FM, Sell E, Marshall H, Tse Kawai A, Kachikis A, et al.
Congenital microcephaly: Case definition & guidelines for data collection,
analysis, and presentation of safety data after maternal immunisation. Vac-
cine. 2017,35(48 Pt A):6472-82. https://doi.org/10.1016/jvaccine.2017.01.
044.

Vergnano S, Buttery J, Cailes B, Chandrasekaran R, Chiappini E, Clark E,

et al. Neonatal infections: Case definition and guidelines for data col-
lection, analysis, and presentation of immunisation safety data. Vaccine.
2016;34(49):6038-46.

Quinn JA, Munoz FM, Gonik B, Frau L, Cutland C, Mallett-Moore T, et al.
Preterm birth: Case definition & guidelines for data collection, analysis, and
presentation of immunisation safety data. Vaccine. 2016;34(49).6047-56.
Papageorghiou AT, Kennedy SH, Salomon LJ, Altman DG, Ohuma EO,
Stones W, et al. The INTERGROWTH-21st fetal growth standards: toward the
global integration of pregnancy and pediatric care. Am J Obstet Gynecol.
2018;218(25):5630-40.

World Health Organization. Child growth standards: Head circumference
for age [Internet]. [cited 2020 Nov 10]. Available from: https://www.who.int/
tools/child-growth-standards/standards/head-circumference-for-age.
Pathirana J, Mufioz FM, Abbing-Karahagopian V, Bhat N, Harris T, Kapoor A,
et al. Neonatal death: Case definition & guidelines for data collection, analysis,
and presentation of immunization safety data. Vaccine. 2016;34(49):6027-37.
Michel-Kabamba N, Ngatu NR, Leon-Kabamba N, Katumbo-Mukemo A,
Mukuku O, Ngoyi-Mukonkole J, et al. Occupational COVID-19 Prevention
among Congolese Healthcare Workers: Knowledge, Practices, PPE Compli-
ance, and Safety Imperatives. Trop Med Infect Dis. 2020;6(1):6.

Adepoju P. Lessons from Ebola as DRC grapples with conflict, measles, and
covid-19. BMJ. 2020;21(370): m2879.

Inungu J, Iheduru-Anderson K, Odio OJ. Recurrent Ebolavirus disease in the
Democratic Republic of Congo: update and challenges. AIMS Public Health.
2019;,6(4):502-13.

Wells CR, Pandey A, Mbah MLN, Gatizére BA, Malvy D, Singer BH, et al. The
exacerbation of Ebola outbreaks by conflict in the Democratic Republic of
the Congo. Proc Natl Acad Sci. 2019;116(48):24366-72.

World Health Organization. Democratic Republic of the Congo: WHO Coro-
navirus Disease (COVID-19) Dashboard With Vaccination Data [Internet].
[cited 2022 Mar 9]. Available from: https://covid19.who.int.

Chmielewska B, Barratt |, Townsend R, Kalafat E, van der Meulen J, Gurol-
Urganci |, et al. Effects of the COVID-19 pandemic on maternal and perinatal
outcomes: a systematic review and meta-analysis. Lancet Glob Health.
2021,9(6):e759-72.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Page 11 of 12

Caniglia EC, Magosi LE, Zash R, Diseko M, Mayondi G, Mabuta J, et al. Modest
reduction in adverse birth outcomes following the COVID-19 lockdown. Am
J Obstet Gynecol. 2021,224(6):615.e1-615.e12.

Cuestas E, Gomez-Flores ME, Charras MD, Peyrano AJ, Montenegro C,
Sosa-Boye |, et al. Association between COVID-19 mandatory lockdown and
decreased incidence of preterm births and neonatal mortality. J Perinatol
Off J Calif Perinat Assoc. 2021;41(10):2566-9.

Dong M, Qian R, Wang J, Fan J,Ye Y, Zhou H, et al. Associations of COVID-19
lockdown with gestational length and preterm birth in China. BMC Preg-
nancy Childbirth. 2021,21(1):795.

Hedermann G, Hedley PL, Baekvad-Hansen M, Hjalgrim H, Rostgaard K, Poor-
isrisak P, et al. Danish premature birth rates during the COVID-19 lockdown.
Arch Dis Child Fetal Neonatal Ed. 2021;106(1):93-5.

Einarsdottir K, Swift EM, Zoega H. Changes in obstetric interventions and
preterm birth during COVID-19: A nationwide study from Iceland. Acta
Obstet Gynecol Scand. 2021;100(10):1924-30.

Mor M, Kugler N, Jauniaux E, Betser M, Wiener Y, Cuckle H, et al. Impact of
the COVID-19 Pandemic on Excess Perinatal Mortality and Morbidity in
Israel. Am J Perinatol. 2021;38(4):398-403.

Kim SY, Kim SY, Kil K, Lee Y. Impact of COVID-19 Mitigation Policy in South
Korea on the Reduction of Preterm or Low Birth Weight Birth Rate: A Single
Center Experience. Child Basel Switz. 2021;8(5):332.

Arun Babu T, Sharmila V, Vishnu Bhat B. Curious scenario of changes in
incidence of preterm births during COVID-19 pandemic. Pointers for future
research? Eur J Obstet Gynecol Reprod Biol. 2020;253:333-4. https://doi.org/
10.1016/).6j0grb.2020.08.055.

Kirchengast S, Hartmann B. Pregnancy Outcome during the First

COVID 19 Lockdown in Vienna, Austria. Int J Environ Res Public Health.
2021;18(7):3782.

Simpson AN, Snelgrove JW, Sutradhar R, Everett K, Liu N, Baxter NN. Perinatal
Outcomes During the COVID-19 Pandemic in Ontario, Canada. JAMA Netw
Open. 2021;4(5):€2110104.

Badran EF, Darwish RM, Khader Y, AlMasri R, Al Jaberi M, AIMasri M, et al.
Adverse pregnancy outcomes during the COVID-19 lockdown. A descrip-
tive study BMC Pregnancy Childbirth. 2021;21(1):761.

Pasternak B, Neovius M, Séderling J, Ahlberg M, Norman M, Ludvigsson JF,
et al. Preterm Birth and Stillbirth During the COVID-19 Pandemic in Sweden:
A Nationwide Cohort Study. Ann Intern Med. 2021;174(6):873-5.

Rolnik DL, Matheson A, Liu Y, Chu S, Mcgannon C, Mulcahy B, et al. Impact
of COVID-19 pandemic restrictions on pregnancy duration and outcome in
Melbourne, Australia. Ultrasound Obstet Gynecol Off J Int Soc Ultrasound
Obstet Gynecol. 2021,58(5):677-87.

Simon E, Cottenet J, Mariet AS, Bechraoui-Quantin S, Rozenberg P, Gouyon
JB, et al. Impact of the COVID-19 pandemic on preterm birth and stillbirth:
a nationwide, population-based retrospective cohort study. Am J Obstet
Gynecol. 2021;225(3):347-8.

Arnaez J, Ochoa-Sangrador C, Caserio S, Gutiérrez EP, Jiménez MDP,
Castanon L, et al. Lack of changes in preterm delivery and stillbirths

during COVID-19 lockdown in a European region. Eur J Pediatr.
2021;180(6):1997-2002.

Shakespeare C, Dube H, Moyo S, Ngwenya S. Resilience and vulnerability

of maternity services in Zimbabwe: a comparative analysis of the effect

of Covid-19 and lockdown control measures on maternal and perinatal
outcomes, a single-centre cross-sectional study at Mpilo Central Hospital.
BMC Pregnancy Childbirth. 2021;21(1):416.

Desta AA, Woldearegay TW, Gebremeskel E, Alemayehu M, Getachew T,
Gebregzabiher G, et al. Impacts of COVID-19 on essential health services

in Tigray, Northern Ethiopia: A pre-post study. PLoS ONE. 2021;16(8):
€0256330.

Kassie A, Wale A, Yismaw W. Impact of Coronavirus Diseases-2019
(COVID-19) on Utilization and Outcome of Reproductive, Maternal, and
Newborn Health Services at Governmental Health Facilities in South West
Ethiopia, 2020: Comparative Cross-Sectional Study. Int J Womens Health.
2021;13:479-88.

Kumar M, Puri M, Yadav R, Biswas R, Singh M, Chaudhary V, et al. Stillbirths
and the COVID-19 pandemic: Looking beyond SARS-CoV-2 infection. Int J
Gynaecol Obstet Off Organ Int Fed Gynaecol Obstet. 2021;153(1):76-82.

De Curtis M, Villani L, Polo A. Increase of stillbirth and decrease of late pre-
term infants during the COVID-19 pandemic lockdown. Arch Dis Child Fetal
Neonatal Ed. 2021;106(4):456.


https://doi.org/10.1016/j.vaccine.2017.01.049
https://doi.org/10.1016/j.vaccine.2017.01.049
https://doi.org/10.1016/j.vaccine.2017.01.040
https://doi.org/10.1016/j.vaccine.2017.01.040
https://doi.org/10.1016/j.vaccine.2016.03.044
https://doi.org/10.1016/j.vaccine.2017.01.044
https://doi.org/10.1016/j.vaccine.2017.01.044
https://www.who.int/tools/child-growth-standards/standards/head-circumference-for-age
https://www.who.int/tools/child-growth-standards/standards/head-circumference-for-age
https://covid19.who.int
https://doi.org/10.1016/j.ejogrb.2020.08.055
https://doi.org/10.1016/j.ejogrb.2020.08.055

Arena et al. BMC Pregnancy and Childbirth

57.

58.

59.

60.

(2023) 23:31

Okeke EN, Abubakar IS, De Guttry R. In Nigeria, Stillbirths And Newborn
Deaths Increased During The COVID-19 Pandemic. Health Aff Proj Hope.
2021;40(11):1797-805.

Naqvi S, Naqvi F, Saleem S, Thorsten VR, Figueroa L, Mazariegos M, et al.
Health care in pregnancy during the COVID-19 pandemic and pregnancy
outcomes in six low-and-middle-income countries: Evidence from a pro-
spective, observational registry of the Global Network for Women's and Chil-
dren’s Health. BJOG Int J Obstet Gynaecol. 2022;129(8):1298-307. https.//
doi.org/10.1111/1471-0528.17175.

IMA World Health. DHIS2 [Internet]. IMA World Health, DRC. [cited 2021 Nov
12]. Available from: https://imadrc.org/dhis2/.

Nzolo D, Kuemmerle A, Lula Y, Ntamabyaliro N, Engo A, Mvete B, et al.
Development of a pharmacovigilance system in a resource-limited country:
the experience of the Democratic Republic of Congo. Ther Adv Drug Saf.
2019;10:2042098619864853.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/1471-0528.17175
https://doi.org/10.1111/1471-0528.17175
https://imadrc.org/dhis2/

	Comparison of adverse pregnancy and birth outcomes using archival medical records before and during the first wave of the COVID-19 pandemic in Kinshasa, Democratic Republic of Congo: a facility-based, retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and procedures
	Outcome measures
	Statistical analysis

	Results
	Study population
	GAIA standards for intra-COVID-19 birth outcomes
	Maternal vaccination during the intra-COVID-19 period
	Pre-pandemic and intra-pandemic comparisons
	Sensitivity analyses

	Discussion
	Conclusion
	Acknowledgements
	References




