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ABSTRACT OF THE DISSERTATION 

 

The Impact of the COVID-19 Pandemic on Neonatal Health Outcomes in Sub-Saharan Africa:  

A Targeted Investigation of Medical Records in Kinshasa, Democratic Republic of the Congo 

with an Expansive Meta-Analysis among Sub-Saharan Countries 

 

by 

 

Patrick Joseph Arena 

Doctor of Philosophy in Epidemiology  

University of California, Los Angeles, 2023  

Professor Anne W. Rimoin, Chair 

 

 

Despite advances in maternal and neonatal health over the past few decades, a disproportionate 

amount of adverse birth outcomes (e.g., stillbirth, low birth weight [LBW], and preterm birth 

[PTB]) still occur in low- and middle-income countries. In the Democratic Republic of the Congo 

(DRC), health officials have been exploring ways to expand pharmacovigilance (PV) capabilities 

for the detection of adverse maternal and neonatal health outcomes and also striving to learn more 

about the impact of the COVID-19 pandemic on neonatal health outcomes. In response, this 

dissertation utilized a PV study – conducted from July 1, 2019 to January 31, 2021 in Kinshasa, 

DRC – in conjunction with external surveillance data and data from the literature to address these 

subjects. Chapter 1 provides a broad summary of the current state of maternal and neonatal health 

both generally and in the context of the DRC. Chapter 2 assesses the equivalency of alternative 



 iii 

data sources (in the form of archival medical records and enhanced monitoring data) to external 

surveillance data for the detection of maternal and neonatal health outcomes; the results generally 

indicated that such alternative data sources could serve as suitable PV tools for the monitoring of 

adverse birth outcomes in Kinshasa, DRC. Chapter 3 utilizes natural experimental methods to 

investigate the impact of the COVID-19 pandemic on selected neonatal health outcomes; the 

results revealed that the stillbirth rate appeared to remain stable while the LBW and PTB rates 

seemed to decline slightly after the imposition of COVID-19 mitigation measures in Kinshasa, 

DRC. Chapter 4 employs systematic review and meta-analysis methodology to examine the 

relationship between COVID-19 mitigation measures and neonatal health outcomes in sub-

Saharan Africa; despite issues concerning high heterogeneity, the results generally suggested no 

change in stillbirth, LBW, or PTB after the imposition of COVID-19 mitigation measures among 

multi-national/national/regional studies but also highlighted the need for further research within 

sub-Saharan African countries. Chapter 5 provides a high-level summary and implications for 

future research and public health. Overall, this dissertation provides insights on solutions for PV 

systems strengthening for the benefit of maternal and neonatal health outcomes and offers 

additional perspectives on the impact of the COVID-19 pandemic on neonatal health outcomes 

within the context of the DRC specifically and sub-Saharan Africa more generally. 
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Chapter 1. Introduction 

1.1. Neonatal Health 

 Despite advances in maternal and neonatal health over the past few decades, approximately 

2.4 million children died during their first month of life in 2019 globally; moreover, there were 

about 6,700 newborn deaths every day, accounting for 47% of all child deaths under the age of 

five years (an increase from 40% of all child deaths under the age of five years in 1990).1 

According to the World Health Organization (WHO), preterm birth (PTB), intrapartum-related 

complications (i.e., birth asphyxia or lack of breathing at birth), neonatal infections, and congenital 

birth defects were the primary causes of neonatal death in 2017; however, the WHO noted that 

babies who had low birth weight (LBW) or were born to an HIV-infected mother were also at 

increased risk of mortality.1 Additionally, the WHO estimates that there are nearly 2 million 

stillbirths every year, of which 98% occur in low- and middle-income countries (LMICs),2 which 

are defined as countries with a gross national income per capita of $13,205 or less by the World 

Bank.3 In terms of global distribution, sub-Saharan Africa was estimated to have the world’s 

highest neonatal mortality rate in 2019 with 27 deaths per 1,000 live births, followed by Central 

and Southern Asia with 24 deaths per 1,000 live births.1 Likewise, a systematic assessment of 

global stillbirths from 2000 to 2019 concluded that sub-Saharan Africa had the highest stillbirth 

rate at 21.7 stillbirths per 1,000 total births in 2019.4 

 While neonatal deaths and stillbirths are critical public health issues in and of themselves, 

the WHO and other health agencies also recognize that children who survive the neonatal period 

can still endure significant health challenges later in life as a result of PTB, LBW, and other 

complications suffered at birth. For example, LBW newborns have a higher risk of general 

morbidity, stunting in childhood, and long-term developmental problems; they are also more likely 
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to develop adult-onset chronic conditions (e.g., cardiovascular disease).5 Likewise, preterm infants 

can experience a variety of short- and long-term complications such as respiratory distress 

syndrome, cerebral palsy, feeding difficulties, dysplasia, and visual/hearing problems; PTB is also 

associated with significant costs to the healthcare system as well as psychological and financial 

hardship among families of preterm newborns.6 As a result, these health challenges can have 

broader implications for the socioeconomic development of communities and countries 

worldwide; however, as was the case with neonatal mortality and stillbirth, complications like PTB 

and LBW are concentrated in LMICs,5,6 thereby resulting in a disproportionate burden on the 

health systems and economies of these countries. 

In response to this situation, a variety of programs aimed at improving maternal and child 

health have been launched by the WHO and other international organizations, such as the United 

Nations Children's Fund (UNICEF); one of the most prominent initiatives in this area is the Every 

Newborn Action Plan (ENAP), which “provides a road map of strategic actions for ending 

preventable newborn mortality and stillbirth and contributing to reducing maternal mortality and 

morbidity” until 2030.7 The key tenets under ENAP and the general WHO/UNICEF strategy 

include ensuring the availability of essential medicines and commodities, improving participation 

in and quality of antenatal care, promoting the availability of skilled birth attendants/midwives, 

supporting an adequate hygiene infrastructure, developing competent and motivated staff, 

reducing inequities, and strengthening data systems.1,7,8 Since ENAP’s inception in 2014, there 

has been strong evidence of significant progress in improving maternal and neonatal health, but 

challenges still remain in ensuring that all countries reach their 2030 targets of ending preventable 

newborn deaths and ending preventable stillbirths.8,9 Consequently, other public health tools, such 
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as maternal immunization, may need to be utilized as additional ways to further improve maternal 

and neonatal health outcomes and thus help countries achieve their ENAP goals. 

1.2. Pharmacovigilance 

  Maternal immunization – the practice of vaccinating women during their pregnancy – is a 

public health intervention aimed at boosting both maternal and infant humoral immune protection 

against a variety of vaccine-preventable diseases.10–16 Currently, most infant immunizations are 

administered between six weeks and six months of age; additionally, several vaccines (e.g., 

diphtheria, tetanus, and pertussis vaccines) require multiple doses to confer full immunity. These 

factors create an “immunity gap” whereby infection-related hospitalizations and deaths are higher 

among neonates and young infants than in older children due to low levels of immune protection.10 

As infectious diseases remain a leading cause of death among children under five years of age,17 

maternal immunization offers an innovative means of protecting newborns when they are most 

vulnerable to infection – prior to immune system development and the completion of neonatal 

vaccination regimens – through the passive, transplacental transfer of maternal antibodies.10,13 

 Despite the increased use of maternal immunization strategies throughout the world 

though, its safety has only been evaluated in limited contexts and remains particularly understudied 

in LMICs, where a large number of vaccine-preventable diseases and other infection diseases 

remain endemic.10,18,19 In order to better facilitate research into the safety of maternal 

immunization approaches both within and across countries, the Global Alignment of Immunization 

Safety Assessment in pregnancy (GAIA) project created standardized guidelines and case 

definitions for the identification of maternal immunization and neonatal health outcomes.20 

However, to effectively utilize the GAIA criteria for safety surveillance, countries first need robust 

pharmacovigilance (PV) data systems for the detection of adverse events (AEs) associated with 
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various drugs and vaccines. Although such systems are well established and continue to evolve in 

high-income countries (HICs), robust PV systems are lacking in LMICs.21–24 For example, a recent 

investigation that conducted interviews with strategic leaders in national PV centers across 

eighteen African countries concluded that over-reliance on development partners, indifference of 

national governments to provide support, and lack of sustainable engagement with public health 

programs has prevented the establishment of strong national PV programs in their countries.22 

Consequently, maternal immunization programs can be hampered in LMICs due to the lack of 

suitable PV systems that would allow public health officials to confidently and effectively monitor 

its safety.  

 Given the current state of PV systems in LMICs, more research is needed to improve their 

ability to monitor maternal immunization programs and confirm that the practice is not associated 

with AEs (such as stillbirth, LBW, and PTB) among populations in LMICs. Thus, by enhancing 

PV capabilities in LMICs, such efforts would also indirectly improve maternal and neonatal health, 

thereby contributing to the attainment of ENAP targets. Furthermore, strengthening PV systems 

could have broader impacts on surveillance systems for other health issues, thereby enabling more 

effective monitoring and management of additional public health challenges in LMICs. Indeed, 

such advancements in monitoring abilities could even provide opportunities to examine the impact 

of the COVID-19 pandemic on maternal and neonatal health outcomes. 

1.3. The COVID-19 Pandemic 

 Since the emergence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

in December 2019, the COVID-19 pandemic has devastated health systems throughout the world 

and strained global health infrastructures.25 For instance, the WHO estimates there have been 

approximately 760 million confirmed cases of COVID-19 (including nearly 7 million reported 
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deaths) as of March 16, 2023.26 In response to the rapid spread of SARS-CoV-2 throughout the 

first year of the pandemic, countries around the world enacted a variety of mitigation measures 

(e.g., lockdowns, school closures, mask mandates, etc.) to help curb the spread of the virus. Many 

feared that such measures would lead to decreased access to healthcare, particularly maternal and 

neonatal health services, as well as increased rates of adverse pregnancy and birth outcomes, 

especially within sub-Saharan African countries and other LMICs.27–29 Indeed, some of the earliest 

investigations into the association between COVID-19 pandemic policies and maternal and 

neonatal health in LMICs (i.e., in South Africa,30 Pakistan,31 and Nepal32) suggested that 

lockdowns led to decreases in routine immunizations, institutional delivery rates, and/or the 

utilization of child healthcare services. Additionally, there were also concerns that the pandemic 

may have also negatively impacted pregnant women and their newborns via the negative 

consequences of stress associated with fear of the virus or the economic implications of 

lockdowns.33–35  

 Now more than three years into the pandemic, our overall comprehension regarding the 

global health impact of the COVID-19 pandemic on maternal and neonatal health outcomes is still 

evolving. Concerning the relationship between SARS-CoV-2 infection and neonatal health 

outcomes, the literature broadly supports an association between SARS-CoV-2 infection during 

pregnancy and certain adverse birth outcomes, such as PTB and stillbirth;36–40 in fact, agencies like 

the United States Centers for Disease Control and Prevention (CDC) regularly advise that women 

who have COVID-19 during their pregnancy are “at increased risk” for both stillbirth and PTB.40 

However, there have been inconsistent results from a variety of studies regarding the impact of 

COVID-19 mitigation measures on maternal and neonatal health outcomes, thereby making it 

challenging to draw broad conclusions or generalize findings across populations.  
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For example, one of the first meta-analyses on this subject that compared outcomes before 

and during the first wave of the pandemic reported increases in only maternal deaths, stillbirth, 

ruptured ectopic pregnancies, and maternal depression (with no corresponding increases or 

decreases found for maternal gestational diabetes, LBW, PTB, or hypertensive disorders of 

pregnancy).41 Nevertheless, later meta-analyses investigating this topic have reported conflicting 

results (i.e., some have found no changes in stillbirth during pandemic policy periods while others 

described decreases in PTB during such periods).42–47 Although it would be assumed that any 

disruptions to the healthcare system would generally result in worse health outcomes, some 

researchers have posited that the overall reduction in infectious disease incidence, lessening of 

stress levels due to remote work, and decreased exposure to air pollution as a result of mitigation 

measures could contribute to potential declines in certain adverse birth outcomes, such as PTB.47–

49 Still though, others have argued that methodological issues (e.g., a small number of outcomes 

and uncontrolled confounding) as well as the possibility of publication bias undermine our ability 

to draw firm conclusions.50,51 

Moreover, our understanding of any associations between the COVID-19 pandemic and 

maternal and neonatal health outcomes becomes even more muddled when we stratify by country 

economic status as various studies have suggested that pregnant women and their newborns in 

LMICs are potentially more vulnerable to certain adverse health outcomes compared to their 

counterparts in HICs as a result of the COVID-19 pandemic.41,46,47 Either way though, the COVID-

19 pandemic has certainly altered the maternal and neonatal health landscape in ways that are not 

yet fully understood but may have direct and indirect impacts on populations from both HICs and 

LMICs. Therefore, more research is needed to comprehensively understand the impacts of the 

COVID-19 pandemic on maternal and neonatal health outcomes so that appropriate public health 
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responses can be developed to address any short- and long-terms effects and to also support LMICs 

in achieving their ENAP targets; moreover, the COVID-19 pandemic represents an opportunity 

for researchers to examine the effects of mitigations measures on maternal and neonatal health 

outcomes so that public health officials can be better-prepared in case similar policies need to be 

introduced in response to future infectious disease outbreaks. 

1.4. The Democratic Republic of the Congo 

 An emblematic LMIC that is currently facing challenges related to PV systems 

strengthening and the impact of the COVID-19 pandemic is the Democratic Republic of the Congo 

(DRC), which is a Francophone country located in Central Africa that is bordered by nine other 

countries (i.e., Angola, Burundi, Central African Republic, Republic of Congo, Rwanda, South 

Sudan, Tanzania, Uganda, and Zambia);52 with an estimated population of 97 million in 2022, it 

is the fourth most-populous country in Africa and the second largest geographically.53–55 The 

capital of the DRC is Kinshasa, which is one of the most populous cities in Africa with a population 

of approximately 15.6 million people;54 additionally, almost half of the population (i.e., 44.5%) 

lives in urban areas.56 The country is classified as a low-income economy by the World Bank and 

ranks among the five poorest nations in the world.53,55,57 Though the DRC is rich in mineral 

resources (e.g., cobalt, gold, and copper), the lack of formal economic opportunities, a history of 

colonialism, political conflicts, and instability, and high rates of malnutrition and infectious 

diseases (e.g., malaria and measles) all contribute to its current economic situation.58,59  

 With regards to neonatal health outcomes, the DRC had the fifth highest number of 

newborn deaths in the world in 2019 behind India, Nigeria, Pakistan, and Ethiopia.1 The stillbirth 

rate in the DRC is also especially high. For instance, a recent systematic assessment of the global 

burden of stillbirth determined that the global rate was 13.9 stillbirths per 1000 total births; 
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however, the national stillbirth rate in the DRC was estimated to be almost twice the global rate 

(i.e., 27.2 stillbirths per 1000 total births).4 Likewise, newborns in the DRC are at an increased risk 

for LBW and PTB compared to newborns born in HICs. For example, a systematic analysis of 

global LBW trends found that the national LBW prevalence in the DRC was 10.8% in 2015, a 

prevalence higher than that reported for North America, Europe, Australia, and New Zealand (i.e., 

7.0%).5 Similarly, a systematic review and modelling analysis of the global prevalence of PTB 

determined that the national PTB prevalence in the DRC was 9.8% and that preterm newborns in 

DRC represented 2.1% of the global PTB burden.6 Thus, the DRC represents an area with a high 

burden of neonatal morbidity and mortality; as a result, the DRC has been identified as a priority 

country within the ENAP framework.7,8 

 Although these poor neonatal health metrics may suggest a dysfunctional overall health 

system in the DRC, the country has in fact made recent strides in other areas, including PV. For 

example, the DRC recently established a national PV center, located at the University of Kinshasa 

within the Unit of Clinical Pharmacology and Pharmacovigilance, in 2009 after a recommendation 

by the WHO.60 As a result, a variety of PV investigations have been performed in the country over 

the past few years.60–64 Indeed, since the creation of the national PV center, DRC has been one of 

the most active contributors in Africa to VigiBase, which is the WHO’s global individual case 

safety reports database.60 Nonetheless, a number of challenges still face the national PV system in 

the DRC; more specifically, Nzolo et al. have highlighted inconsistent funding, poor 

implementation of regional PV centers, weak collaborations with healthcare providers, and 

delayed data collection mechanisms as key barriers to the system’s long-term success.60 Steady 

funding streams and novel solutions to improve data collection are therefore urgently needed to 

strengthen the national PV system and its ability to detect AEs (including ones that are of particular 
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interest to maternal and neonatal health, like stillbirth, LBW, and PTB); additionally, 

advancements in data collection abilities could also have synergistic effects on the general 

surveillance infrastructure and thus allow for the examination of the impact of the COVID-19 

pandemic on maternal and neonatal health outcomes in the DRC. 

  Another threat to population health, the COVID-19 pandemic has resulted in 95,814 

confirmed cases with 1,464 associated deaths in the DRC as of March 16, 2023.65 Despite the 

pandemic’s ubiquity over the past three years, limited research has been conducted on the effect 

of the pandemic (including pandemic policy measures) on maternal and neonatal health outcomes 

in the DRC; for example, a case report describing one of the country’s first pregnant women 

diagnosed with COVID-19 was not published until January 2021 (i.e., almost one year after the 

start of the pandemic).66 Additionally, most investigations have focused on the pandemic’s impact 

on maternal and neonatal health services as opposed to health outcomes. For example, an 

interrupted time series (ITS) analysis using health information management system data during 

the first wave of the pandemic in Kinshasa found that maternal health services and vaccinations 

were not significantly affected by the pandemic itself or by lockdown measures.67 Moreover, 

research from eight sub-Saharan African countries (including the DRC) indicated that the most 

substantial reductions in medical services during the early stages of the pandemic were reported 

for outpatient consultations and childhood vaccinations, while results for reproductive and 

maternal healthcare service utilization were mixed.68 Though one study by Naqvi et al.69 did 

investigate maternal and neonatal health outcomes in six LMICs (including the DRC) and reported 

no increases in stillbirth, neonatal mortality, maternal mortality, LBW, or PTB during the COVID-

19 period compared with the previous year, this analysis did not provide country-specific 

information for the DRC; instead, the authors grouped the DRC together with Zambia and Kenya 
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(into an “Africa” category), thereby making it difficult to determine the pandemic’s effect in the 

DRC specifically.69  

 Thus, our understanding of the impact of COVID-19 on neonatal health outcomes in the 

DRC is very limited. However, this knowledge gap extends to the rest of the continent as only a 

few studies have been conducted on the subject within sub-Saharan Africa. For instance, a living 

systematic review and meta-analysis on the association between the COVID-19 pandemic and 

pregnancy/neonatal outcomes identified over fifty studies that analyzed stillbirth, LBW, PTB, 

neonatal mortality, and maternal mortality,45 yet only three of these studies (i.e., Caniglia et al.,48 

Kassie et al.,70 and Shakespeare et al.71) were conducted in sub-Saharan African countries (i.e., 

Botswana, Ethiopia, and Zimbabwe, respectively). Consequently, more research on this subject 

within both sub-Saharan Africa generally and the DRC specifically is necessary in order to provide 

critical health information for the region and further the global dialogue in this area of research.  

1.5. Dissertation Rationale 

 Although PV system strengthening for the improvement of neonatal health and the 

COVID-19 pandemic’s association with neonatal health outcomes in LMICs are not inherently 

related topics, our research group was in a unique position to address them both through a PV 

study – conducted from July 1, 2019 to January 31, 2021 in Kinshasa, DRC – that was originally 

designed to assess the utility of archival medical records and enhanced monitoring data for the 

detection of adverse birth outcomes in the context of maternal immunization. Early results into the 

feasibility of these archival medical records and enhanced monitoring data as potential PV tools 

have already been published and have generally shown that these data could feasibly be utilized to 

screen for and identify a variety of pregnancy and birth outcomes, such as stillbirth, PTB, LBW, 

small for gestational age, and congenital microcephaly (despite some issues associated with 
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interfacility variability).14–16 However, further research can be done with these data by assessing 

their equivalency to other data sources frequently used for surveillance purposes in the DRC in 

order to confirm that they are accurately capturing the outcomes of interest, thereby further 

justifying their use for PV purposes. Additionally, the archival medical records can be employed 

to gain more insight into potential associations between the COVID-19 pandemic and selected 

neonatal health outcomes (i.e., stillbirth, LBW, and PTB) in Kinshasa; lastly, utilization of existing 

data in the literature can serve to augment the results found for the COVID-19 pandemic’s impact 

on stillbirth, LBW, and PTB in the DRC and examine any such association throughout sub-Saharan 

Africa.  

Therefore, this dissertation aimed to address three main topics: 1) PV system strengthening 

in Kinshasa, DRC; 2) the association between the COVID-19 pandemic and selected neonatal 

health outcomes in Kinshasa, DRC; and 3) the association between the COVID-19 pandemic and 

selected neonatal health outcomes in sub-Saharan Africa. With regards to PV system strengthening 

in the DRC, archival medical records and enhanced monitoring data represent innovative means 

to enable surveillance of AEs in a manner similar to the use of electronic health records and active 

surveillance tools in HICs; however, it is first necessary to ensure that these data produce valid 

prevalence estimates of key outcomes by comparing such estimates to those from an external data 

source frequently used for surveillance purposes in the DRC. Moreover, due to the nature of the 

data collection period for the archival medical records, these data can also be used to investigate 

the association between the COVID-19 pandemic and selected neonatal health outcomes in 

Kinshasa by comparing the period immediately prior to the onset of the COVID-19 pandemic to 

the COVID-19 mitigation measures period via natural experimental methods. Lastly, data from 

the relevant literature combined with the data from Kinshasa can be collected and summarized 
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using meta-analytic methods to further our understanding of the association between COVID-19 

pandemic policies and selected neonatal health outcomes in sub-Saharan Africa. Thus, the three 

specific aims of this dissertation (which correspond to the next three chapters) are the following:  

1. To conduct an equivalence analysis comparing the prevalence of selected maternal and 

neonatal health outcomes found using both archival medical records and enhanced 

monitoring data to the prevalence of the same outcomes identified using an external 

surveillance data source in Kinshasa, DRC;  

2. To investigate the impact of the COVID-19 pandemic on selected neonatal health outcomes 

in Kinshasa, DRC by comparing the rates of stillbirth, LBW, and PTB between the pre-

COVID-19 period and the COVID-19 mitigation measures period via ITS methodology; 

and  

3. To perform a systematic review and meta-analysis regarding the relationship between 

COVID-19 mitigation measures and stillbirth, LBW, and PTB in sub-Saharan Africa in 

order to better contextualize both the results found for Kinshasa, DRC as well as the 

broader situation within sub-Saharan Africa.  
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Chapter 2. Comparison of Maternal and Neonatal Prevalence Estimates from Both Archival 

Medical Records and Enhanced Monitoring Data to Surveillance Data in Kinshasa, 

Democratic Republic of the Congo 

2.1. Abstract 

 In the Democratic Republic of the Congo (DRC), pharmacovigilance (PV) programs rely 

on spontaneous reports to identify adverse events; to assess the suitability of alternative data for 

PV purposes, we compared prevalence estimates from both archival medical records and enhanced 

monitoring data to those from the District Health Information System 2 (DHIS2). This 

investigation was an observational study conducted from July 2019 to January 2021 in Kinshasa, 

DRC that contained a retrospective, a prospective, and a surveillance cohort comprised of pregnant 

women and their newborns identified from archival medical records, enhanced monitoring data, 

and DHIS2 data, respectively. The following outcome measures were analyzed: mothers under 20 

years of age, stillbirth, low birth weight (LBW), and preterm birth (PTB). Prevalence estimates 

were produced and compared to determine equivalency between the retrospective/prospective 

cohorts and the surveillance cohort via the two one-sided test (TOST) procedure. The final sample 

size was 14,256, 2,472, and 216,788 deliveries for the retrospective, prospective, and surveillance 

cohorts, respectively. Adjusted prevalence comparisons revealed that the difference between the 

retrospective/prospective and surveillance cohorts was -7.93% to -5.65% for mothers under 20 

years of age, 0.20% to 0.31% for stillbirth, 1.36% to 1.98% for LBW, and 3.61% to 5.92% for 

PTB. The TOST procedure revealed that only stillbirth and LBW were (consistently) statistically 

equivalent between both the retrospective/prospective and the surveillance cohorts. Our results 

suggested that these alternative data sources are suitable tools for adverse birth outcome 

monitoring in Kinshasa, though issues were identified surrounding maternal age measurement. 
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Nonetheless, literature comparisons and potential limitations with PTB measurement in the DHIS2 

indicated that these alternative data might have better recorded PTB prevalence. Overall, we hope 

that these findings lead to the more widespread use of archival medical records/enhanced 

monitoring data for the improvement of PV capabilities in the DRC.  

2.2. Introduction 

 Pharmacovigilance (PV), which is defined as “the science and activities relating to the 

detection, assessment, understanding, and prevention of adverse events (AEs) or any other 

medicine-/vaccine-related problem” by the World Health Organization (WHO),1 forms a key part 

of national healthcare infrastructures. Specific PV activities, such as the establishment of medicine 

and vaccine safety profiles and the generation of surveillance activities, serve to prevent AEs, 

promote patient safety, and improve overall quality of life.2,3 Traditionally, PV systems have relied 

on spontaneous reporting mechanisms to assess the safety of therapies; however, the passive nature 

of spontaneous reporting has been shown to be an ineffective tool for complete surveillance of 

AEs due to the fact that it relies primarily on voluntary reporting by patients and/or healthcare 

workers.2–4 As a result, modern PV systems have incorporated electronic health records (EHRs) to 

more actively monitor patient safety because these EHRs provide large, population-based 

databases that contain real-world data generated during the course of routine clinical care.4,5 

Nonetheless, despite the immense potential of these large EHR databases for PV purposes, they 

were not designed as research tools; rather, they were originally developed to improve patient care 

and strengthen recordkeeping capabilities.6 Consequently, their data elements can be incorrectly 

classified, poorly specified, and/or missing, thereby leading to information and selection biases 

that can jeopardize the interpretation of study results.5–7    
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In the Democratic Republic of the Congo (DRC), a national PV center was recently 

established in 2009 after a recommendation by the WHO.8 As a result, a variety of PV 

investigations have been performed in the country over the past few years.8–12 For example, a 

community-based PV study was conducted to supplement poor spontaneous reporting and to 

stimulate AE following immunization (AEFI) reporting during a mass yellow fever immunization 

campaign in 2016 by organizing PV information sessions at churches and academic institutions in 

Kinshasa; this approach resulted in more than 4,000 AEFI reports and provided evidence of a 

suitable safety profile for fractional dosing of the yellow fever vaccine.10 Moreover, a retrospective 

PV study described central and peripheral nervous system disorders that occurred after mass 

administration of ivermectin in the DRC from 2009 to 2013 using the WHO spontaneous reporting 

database (VigiBase), which receives AE reports from participating national PV centers.12 

Nonetheless, the vast majority of PV studies conducted in the DRC have relied on spontaneous 

reporting mechanisms; in order to substantially reduce the cost of PV activities and continue to 

grow PV capabilities within the country, Nzolo et al. have called for the use of “existing health 

information systems” and other innovative data sources to supplement current PV programs.8  

Based on the experience of high-income countries (HICs), EHR databases would be an 

ideal information system to incorporate into the Congolese national PV system. However, EHRs 

have not been broadly implemented and/or utilized across sub-Saharan Africa;13 in the DRC 

specifically, there has been “political will” to expand health information management domains and 

capitalize on experiences with the District Health Information System 2 (DHIS2) and some 

hospital EHR systems.14 Until those EHR capabilities are more fully realized though, other data 

sources, such as paper medical records and active surveillance questionnaires, can be used to 

expand the capabilities of the Congolese PV system. We previously conducted an investigation 
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into the feasibility of archival (paper) medical records and enhanced monitoring data (i.e., active 

surveillance questionnaires) across delivery facilities throughout Kinshasa for the detection of 

maternal and neonatal health outcomes in the context of maternal immunization; these studies 

ultimately determined that archival medical records and enhanced monitoring data could be 

feasibly used to monitor certain adverse birth outcomes, such as low birth weight (LBW) and 

preterm birth (PTB).15–17 As is the case with EHRs though, these alternative data sources may have 

data elements that are incorrectly classified, poorly specified, and/or missing since they are 

reflective of real-world patient care.5–7 It is therefore critical that the suitability of these archival 

medical records/enhanced monitoring data be further evaluated so that their utility as PV tools can 

be better scrutinized.  

Thus, we compared selected prevalence estimates from both archival medical records and 

enhanced monitoring data to those from the DHIS2 – “an open source, web-based platform used 

as a health management information system” by over seventy low- and middle-income countries 

(LMICs) to document health facility data18,19 – in order to assesses the suitability of the archival 

medical records and enhanced monitoring data. By assessing the equivalency of these data with 

the DHIS2 surveillance data (i.e., a reference standard in the DRC), we aimed to determine whether 

such data could be validly used as alternative and/or supplementary PV tools for the surveillance 

of maternal and neonatal health outcomes in Kinshasa, DRC.  

2.3. Methods 

Study design 

 This investigation was an observational study that contained three cohorts: 1) a facility-

based retrospective cohort, which included the pregnant women and their newborns identified from 

the archival medical records; 2) a facility-based prospective cohort, which included the pregnant 
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women and their newborns identified from the enhanced monitoring data; and 3) a surveillance 

cohort, which included the pregnant women and their newborns identified from the DHIS2 

surveillance data. The overall study site selection, study procedures, and variable descriptions for 

the retrospective and prospective cohorts have been described elsewhere;15–17,20 however, they are 

briefly discussed below in conjunction with relevant details about the surveillance cohort. 

Study site selection 

A complete list of all health facilities in the City-Province of Kinshasa, DRC was obtained 

from the Ministry of Health. From this list, ten health facilities were randomly selected from a 

subset list of health facilities that 1) were designated as delivery centers, 2) recorded at least 1,000 

annual deliveries in 2018, and 3) archived their birth records on site: Bomoi, Bondeko, Lisanga, 

Siloe Bdom, and Bosembo Health Centers; Esengo, Mokali, Saint Joseph, and Kinshasa General 

Reference Hospitals; and Ngaliema Clinic (Figure 2.1). These ten health facilities served as the 

study sites for both the retrospective and prospective cohorts. For the surveillance cohort, no study 

sites were explicitly identified; furthermore, no health facilities were excluded from the 

surveillance cohort in order to create a sample representative of the general population in Kinshasa. 

Study procedures 

 For the retrospective cohort, archival medical records of mother-child pairs from births 

taking place in the study site health facilities between July 1, 2019 and August 31, 2020 were 

collected and digitized. For birth records that indicated the occurrence of an adverse birth outcome, 

additional module completion required for verification, which required seeking subject medical 

history beyond the birth record, was performed. A third module detailing maternal variables was 

also completed, usually requiring information from the mothers’ archived antenatal care (ANC) 

records, when available. For all identified births, only medical information that could be found 
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within the child’s birth record or that could be linked to the child’s birth record from another record 

within the same study site was utilized; additionally, only medical records with valid date of birth 

(DOB) information were included to ensure that only births that occurred between July 1, 2019 

and August 31, 2020 were in the final sample.  

For the prospective cohort, study participants were actively recruited and enrolled via 

convenience sampling upon visiting a study site health facility for an ANC visit or delivery from 

September 1, 2020 through January 31, 2021. Any pregnant woman 18 years of age or older who 

attended a study site health facility during the study period was eligible for inclusion. The study 

team recruited potential participants while 1) expectant mothers were visiting selected delivery 

facilities for regular ANC at 32 weeks or beyond in their pregnancy, or 2) following a postpartum 

mother’s delivery once all medical necessities had been met, but while the mother remained for 

recovery and observation prior to discharge. After their delivery, enrolled mothers were 

administered an electronic surveillance questionnaire that captured demographic and clinical 

information and collected postpartum details related to the pregnancy and delivery, such as 

newborn DOB (which was a requirement for inclusion in order to be consistent with the 

retrospective cohort); medical records were also consulted as necessary in order to collect 

additional information.  

For the surveillance cohort, no active data collection took place; rather, the previously 

established DHIS2 database was used to create the surveillance cohort (via aggregated dataset 

download from the DHIS2 server in August 2022). The DHIS2 is the world’s largest health 

information management platform and is used in over one hundred countries.21 In the DRC 

specifically, the Ministry of Health started to adopt the DHIS2 as the national health information 

system beginning in 2014.22 Since its implementation, there has been a rapid rollout of the software 
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and associated training programs throughout the country; as a result, an average of 92% of 

participating health facilities submitted reports of some kind to the national DHIS2 database each 

month in 2017.23 For our purposes here, the surveillance cohort was created by filtering the 

national DRC DHIS2 database to only include patients who delivered at healthcare facilities in 

Kinshasa across the same time period as the retrospective and prospective cohorts (i.e., from July 

1, 2019 to January 31, 2021). 

Outcome measures  

 As there was incomplete overlap between the data elements captured in the archival 

medical records/enhanced monitoring data and the DHIS2 data, only the following four outcome 

measures were examined here: 1) mothers under 20 years of age, 2) stillbirth, 3) LBW, and 4) 

PTB. For most of the outcomes, the definitions used in the retrospective and prospective cohorts 

were virtually identical to the definitions used in the surveillance cohort; for example, LBW was 

defined according to the WHO cutoff (i.e., a birth weight less than 2,500 grams)24 across all 

cohorts. For PTB though, there was a slight discrepancy; more specifically, instances of PTB 

screened positive by meeting either one of two criteria in the retrospective and prospective cohorts: 

PTB designation or presence of a gestational age at birth recorded as less than 37 weeks (based on 

last menstrual period [LMP] and/or ultrasound information) in the medical record/surveillance 

questionnaire. The DHIS2 dataset, on the other hand, simply recorded occurrence of “premature 

births” (Supplemental Table 2.1). In addition to these outcome measures, other relevant variables 

(e.g., deliveries attended by skilled birth attendant, general reference hospital deliveries, etc.) were 

also examined due to their potential confounding effect.   

Statistical analysis 
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 The crude prevalence of each variable was estimated with a corresponding 95% confidence 

interval (CI), assuming a binomial distribution, within each of the three cohorts; the amount of 

missingness for each variable was also assessed for the retrospective and prospective cohorts. Two 

types of outcome measure comparisons were made: 1) a comparison of the prevalence estimates 

between the retrospective and surveillance cohorts during their overlapping periods and 2) a 

comparison of the prevalence estimates between the prospective and surveillance cohorts during 

their overlapping time periods. Thus, comparisons were not made directly between the 

retrospective and prospective cohorts. For each pair of prevalence estimates across the four 

outcomes, the percentage-point difference in outcome measure prevalence estimates was produced 

along with corresponding 95% CIs. Moreover, graphical representations of the prevalence 

estimates using monthly time series were generated to visually describe the prevalence trends and 

identify any outlier months. Because individual level data were not available for the surveillance 

cohort, adjusted prevalence estimates and associated comparisons were computed by applying the 

distribution of the confounding variable(s) from the surveillance cohort to the retrospective and 

prospective cohorts (i.e., by a simple weighting procedure) in order to remove their confounding 

effect. Additionally, such measures were further adjusted by accounting for clustering at the 

health-facility level within the retrospective and prospective cohorts.  

For all outcome measure prevalence comparisons, the two one-sided test (TOST) for 

equivalence was used to determine whether the compared prevalence estimates were statistically 

equivalent. In the TOST procedure, two null hypotheses are generated: 𝐻!: 𝑝! − 𝑝" ≤ −𝛿 and 

𝐻": 𝑝! − 𝑝" ≥ 𝛿, where 𝑝!refers to the prevalence in cohort one, 𝑝"refers to the prevalence in 

cohort two, and 𝛿 refers to the pre-specified equivalence margin; the first null hypothesis is 

rejected when 𝑧! ≥ 𝑧!#$, and the second null hypothesis is rejected when 𝑧" ≤ 𝑧$. When both null 
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hypotheses are rejected, we can reject the overall null hypothesis that the difference in the 

proportions is greater than 𝛿 (i.e., −𝛿 < 𝑝! − 𝑝" < 𝛿); thus, we would conclude that the difference 

in the proportion falls within the equivalence margin.25,26 For our purposes, we used both a ± five 

percentage point equivalence margin (i.e., the traditional margin) as well as a ± two and a half 

percentage point equivalence margin, as research by Tatem et al. suggests that this margin is the 

“most appropriate” for health indicators with a prevalence of less than ten percent.27 Regardless of 

equivalence margin, 90% CIs – which correspond to an α = 0.05 in the context of the TOST 

procedure28,29 – were produced for all TOST equivalence comparisons. 

Lastly, potential outliers were assessed according to Cook’s distance, and their influence 

was determined by seeing how the results changed after their removal. All statistical analyses were 

performed using R version 4.0.4 (R Foundation for Statistical Computing, Vienna, Austria); 

additionally, TOST equivalence comparisons were computed using the TOSTER package.30,31  

Informed consent and ethical approval  

 For the retrospective and surveillance cohorts, no informed consent process took place as 

no active participant recruitment or enrollment were performed. For the prospective cohort, oral 

informed consent took place at the time of enrollment in either French or Lingala since many 

participants were illiterate; participants were informed about the purpose of the study, the data that 

would be collected, and the potential risks and benefits of participation. Importantly, it was made 

clear to the participants that the decision of whether or not to participate in the study would not 

affect the care they received at study site delivery centers. Lastly, a copy of the consent form was 

provided to each participant. 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 
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committee, to perform the retrospective and prospective cohort data collection/analysis 

procedures. Because the surveillance cohort comprised of de-identified secondary data, its 

use/analysis met the criteria for exemption from IRB review. 

2.4. Results 

Crude prevalence estimates 

 For the retrospective cohort, 14,300 medical records were initially abstracted; however, 44 

medical records were excluded because they had missing and/or incorrect DOB information 

resulting in a final sample size of 14,256 deliveries. For the prospective cohort, 2,675 women were 

initially enrolled; however, after accounting for non-singleton deliveries (5.98%) and the exclusion 

of deliveries with missing/incorrect DOB information (n = 363), the final sample size was 2,472 

deliveries. For the surveillance cohort, 305,953 deliveries were included in the final sample: 

216,788 deliveries from July 1, 2019 through August 31, 2020 and 89,165 deliveries from 

September 1, 2020 through January 31, 2021. Crude prevalence estimates ranged from 3.51% 

(95% CI: 3.21%, 3.82%) for stillbirth to 12.67% (95% CI: 12.12%, 13.21%) for LBW in the 

retrospective cohort; similarly, crude prevalence estimates ranged from 2.79% (95% CI: 2.14%, 

3.44%) for stillbirth to 10.39% (95% CI: 9.19%, 11.60%) for LBW in the prospective cohort. In 

the surveillance cohort, crude prevalence estimates for stillbirth, LBW, and PTB were lower 

compared to the retrospective and prospective cohorts; however, the crude prevalence estimates 

for mothers under 20 years of age were higher in the surveillance cohort compared to the 

retrospective and prospective cohorts (Table 2.1).  

In both the retrospective and prospective cohorts, stillbirth, LBW, and PTB were nearly 

completely observed (i.e., missingness was less than 5% across outcomes); however, missingness 

for mothers under 20 years of age was between 10% and 15% in both the retrospective and 
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prospective cohorts. Missingness information for the surveillance cohort was not able to be directly 

assessed because the associated data outputs were downloaded in aggregated form. Regarding 

potential confounding variables, it was found that only 1.99% of the recorded deliveries were 

referred to a general reference hospital in the surveillance cohort; however, 9.33% and 8.65% of 

recorded deliveries were performed at a general reference hospital (i.e., Kinshasa General 

Reference Hospital) in the retrospective and prospective cohorts, respectively, thereby indicating 

potential confounding as general reference hospitals generally see more high-risk pregnancies 

compared to non-general reference hospitals. Prevalence estimates for other variables assessed 

(such as deliveries attended by a skilled birth attendant) were virtually the same across the three 

cohorts and thus not considered confounders (data not shown). 

Adjusted prevalence estimates and comparisons 

 After adjusting the crude results by weighting the retrospective and prospective cohorts 

according to the distribution of the general reference hospitals in the surveillance cohort, the 

prevalence estimates for stillbirth, LBW, and PTB decreased slightly while the mothers under 20 

years of age prevalence estimate remained about the same. Adjusted prevalence comparisons 

revealed that the difference between the retrospective and surveillance cohorts was -5.65% (95% 

CI: -6.09%, -5.20%) for mothers under 20 years of age, 0.31% (95% CI: 0.06%, 0.56%) for 

stillbirth, 1.98% (95% CI: 1.45%, 2.51%) for LBW, and 5.92% (95% CI: 5.47%, 6.38%) for PTB. 

Similarly, adjusted prevalence comparisons showed that the difference between the prospective 

and surveillance cohorts was -7.93% (95% CI: -8.70%, -7.17%) for mothers under 20 years of age, 

0.20% (95% CI: -0.35%, 0.74%) for stillbirth, 1.36% (95% CI: 0.24%, 2.49%) for LBW, and 

3.61% (95% CI: 2.72%, 4.51%) for PTB (Table 2.2).  
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Adjusted monthly time series demonstrated that there was near-complete overlap in the 

monthly prevalence estimates for stillbirth between both the retrospective and prospective cohorts 

and the surveillance cohort. For LBW, there was substantial overlap in the monthly prevalence 

estimates between the prospective and surveillance cohorts; however, there was slightly less 

overlap for LBW between the retrospective and surveillance cohorts. For mothers under 20 years 

of age and PTB though, there was no overlap in the monthly prevalence estimates between both 

the retrospective and prospective cohorts and the surveillance cohort (Figure 2.2). 

Equivalence analysis  

 When assessing the percentage point differences between the retrospective and 

surveillance cohorts, it was found that the mothers under 20 years of age (90% CI: -6.04%, -5.33%) 

and PTB (90% CI: 5.51%, 6.29%) estimates were not statistically equivalent regardless of which 

equivalence margin was used. However, the stillbirth (90% CI: 0.11%, 0.48%) and LBW (90% 

CI: 1.53%, 2.41%) estimates were found to be statistically equivalent using both a ± five 

percentage point and a ± two and a half percentage point equivalence margin. When assessing the 

percentage point differences between the prospective and surveillance cohorts, results were mostly 

similar. For example, the stillbirth (90% CI: -0.30%, 0.69%) and LBW (90% CI: 0.41%, 2.28%) 

estimates were found to be statistically equivalent using either equivalence margin, while the 

mothers under 20 years of age estimates (90% CI: -8.64%, -7.31%) were not statistically equivalent 

regardless of equivalence margin. However, the PTB estimates (90% CI: 2.85%, 4.38%) were 

statistically equivalent using a ± five percentage point equivalence margin only (Figure 2.3). 

 Results were mostly consistent when accounting for clustering at the health-facility level 

within the retrospective and prospective cohorts. For instance, the mothers under 20 years of age 

estimates were still not statistically equivalent regardless of equivalence margin for both 
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comparison types; similarly, the stillbirth estimates were still statistically equivalent using either 

equivalence margin for both comparison types. However, the LBW estimates were now 

statistically equivalent using a ± five percentage point equivalence margin only for both 

comparison types. Additionally, PTB estimates were now not statistically equivalent regardless of 

which equivalence margin was used for both comparison types (Figure 2.4). 

Outlier assessment  

 Within the adjusted monthly time series (Figure 2.2), the November 2019 prevalence 

estimate for the mothers under 20 years of age variable within the surveillance cohort was 

identified as a possible outlier that may have influenced the corresponding prevalence comparison 

between the retrospective and surveillance cohorts. Outlier analysis via Cook’s distance confirmed 

that the November 2019 prevalence estimate was in fact an outlier (Supplemental Figure 2.1). As 

a result, the surveillance cohort prevalence estimate from July 1, 2019 through August 31, 2020 

was recalculated excluding the November 2019 observation; however, it was found that the 

prevalence estimate did not change substantially (i.e., from 12.84% to 12.36%), and thus 

associated equivalence analyses were not performed.  

2.5. Discussion 

Summary 

This study compared prevalence estimates of four key health measures (i.e., mothers under 

20 years of age, stillbirth, LBW, and PTB) from both (retrospective) archival medical records and 

(prospective) enhanced monitoring data to surveillance data in the form of the DHIS2. Through 

this investigation, we determined that the adjusted prevalence estimates of two health measures – 

stillbirth and LBW – were statistically equivalent between both the retrospective and prospective 

cohorts and the surveillance cohort; however, we also found that the adjusted prevalence estimates 
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of the other two health measures – mothers under 20 years of age and PTB – were generally not 

statistically equivalent between both the retrospective and prospective cohorts and the surveillance 

cohort. Nonetheless, our results still suggest that archival medical records and enhanced 

monitoring data can be validly used as alternative – and perhaps superior – PV tools for the 

surveillance of maternal and neonatal health outcomes in Kinshasa, DRC. 

Literature comparisons for stillbirth, LBW, and PTB 

 Indeed, not only were the adjusted prevalence estimates generated from the archival 

medical records and the enhanced monitoring data for stillbirth and LBW statistically equivalent 

to the corresponding DHIS2 prevalence estimates, but they were also generally in line with the 

literature in this area. For instance, a systematic assessment of the global burden of stillbirth 

determined that the national stillbirth prevalence in the DRC was 2.72% (90% uncertainty interval: 

2.17%, 3.43%) in 2019.32 Within Kinshasa, stillbirth prevalence studies were not identified; 

however, other studies conducted in more rural parts of the country reported stillbirth prevalences 

ranging from 3.00% to 3.89%.33–37 Similar literature supports our LBW findings from the archival 

medical records/enhanced monitoring data. For example, a systematic analysis of global LBW 

trends found that the national LBW prevalence in the DRC was 10.80% (95% CI: 10.70%, 10.90%) 

in 2015.38 As was the case with stillbirth, LBW prevalence studies were not identified in Kinshasa. 

Nevertheless, a 2021 cross-sectional study within urban and rural hospitals in Kasaï-Central 

province reported a LBW prevalence of 11.30%;39 relatedly, a retrospective analysis among 

postpartum women and their newborns in semi-rural Kamina from 2009 to 2010 reported a LBW 

prevalence of 14.30%.40 It should be noted that though the stillbirth and LBW prevalence estimates 

from the archival medical records and enhanced monitoring data were in fact lower than the 
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estimates from the aforementioned rural studies,33–37,39,40 this finding is expected as Kinshasa is 

one of the wealthiest and most urbanized provinces within the DRC.41 

Regarding PTB, the prevalence estimates generated from the archival medical records and 

enhanced monitoring data were higher than the estimates generated from the DHIS2 surveillance 

dataset. Though this finding could be interpreted as a limitation of the archival medical records 

and enhanced monitoring data for future PV purposes, comparisons with the literature suggest that 

these alternative data sources may in fact better record PTB prevalence than the DHIS2. For 

example, a systematic review and modelling analysis of the global burden of PTB determined that 

the national PTB prevalence in the DRC was 9.83% (96% uncertainty interval: 7.08%, 13.16%) in 

2014,42 a prevalence much more in line with estimates generated from the archival medical 

records/enhanced monitoring data compared to the DHIS2 data. While no prevalence studies were 

identified in Kinshasa, the previously mentioned retrospective analysis among postpartum women 

and their newborns in semi-rural Kamina reported a PTB prevalence of 17.10%;39 a 2006 study in 

the rural province of Maniema also reported an increased prevalence of PTB (i.e., 21.91%).43 

Although these PTB prevalence estimates are higher than the adjusted estimates found from the 

archival medical records/enhanced monitoring data (i.e., 5.40% to 8.33%), they are still closer than 

the surveillance estimates produced from the DHIS2 dataset (i.e., 1.78% to 2.41%). Likewise, 

other research has suggested that the DHIS2 underestimates PTB in the DRC.44 Additionally, the 

surveillance cohort PTB prevalence estimates are even lower than associated estimates commonly 

found for HICs,42,45 thereby further indicating that the DRC DHIS2 dataset may in fact be 

underestimating PTB.  

Additional considerations for PTB and mothers under 20 years of age 
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A key reason for the discrepancy in PTB estimates between the cohorts may be the fact 

that we did not only screen for the presence of PTB in the retrospective and prospective cohort 

studies, but we also factored in gestational age information to identify additional cases of PTB that 

may not have been categorized as such in the archival medical records and/or active surveillance 

questionnaires. In general, PTB is a difficult outcome to measure because it “is defined by time, 

not by a distinctive clinical phenotype.”46 Consequently, accurate dating of the LMP as well as 

access to clinical and ultrasonographic evaluations are necessary for valid measurement; however, 

the availability of such information can vary widely across health facilities.47  In LMICs, assessing 

the burden of PTB is especially challenging due to limited use of ultrasound biometry; thus, 

healthcare workers in LMICs typically rely on LMP, which can underestimate gestational age, to 

asses PTB status.48–50 Thus, our detailed approach that incorporated the use of gestational age 

information from LMP and ultrasounds measurements (where available) to enrich the number of 

identified PTB cases may have helped overcome some of the challenges traditionally associated 

with the surveillance of PTB in low-resource settings.  

Nonetheless, it must be acknowledged that there were wide discrepancies in the prevalence 

estimates for the mothers under 20 years of age variable across cohorts (even after the removal of 

an outlier observation). As opposed to PTB where the discrepancies favored the archival medical 

records/enhanced monitoring data, the opposite was true for the mothers under 20 years of age 

variable in that the literature generally agreed with the DHIS2 estimate; for instance, a 2021 

Guttmacher Institute report stated that women under 20 years of age in Kinshasa represented about 

13.0% of the city’s total pregnancies in 2016.51,52 A likely explanation for this divergence between 

the retrospective/prospective cohorts and the surveillance cohort is that moderate missingness was 

observed for maternal age in both the archival medical records and the enhanced surveillance data, 
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thereby leading to a potentially inaccurate measure of mothers under 20 years of age in those data 

sources. Additionally, the prospective cohort excluded mothers below the age of 18 and used 

convenience sampling to enroll participants. Therefore, the nature of the entry criteria and data 

collection likely contributed to an overall older sample than would be expected for the Kinshasa 

general population; these factors may help explain why the adjusted difference between the 

prospective and surveillance cohorts (i.e., -7.93%) was in fact larger in absolute terms than the 

adjusted difference between the retrospective and surveillance cohorts (i.e., -5.65%) for the 

mothers under 20 years of age variable.  

PV implications 

 Despite these issues associated with maternal age measurement, our results still suggest 

that archival medical records and enhanced monitoring data can be used as alternative and/or 

supplementary tools for PV activities in Kinshasa. Although the DHIS2 dataset can be an 

appropriate tool for the monitoring of certain health outcomes in the DRC, it is limited in its scope; 

for example, the Congolese DHIS2 system does not record information on the prevalence of 

neonatal seizures. Furthermore, the aggregated nature of the DHIS2 data does not allow for 

individually linking a woman’s maternal immunization history with her child’s health outcomes, 

thereby making it an inadequate tool for AEFI surveillance at a population level. Moreover, other 

researchers have documented data quality/missing data issues associated with the DHIS2 and other 

routine health information systems from LMICs.53,54 Consequently, other data sources should be 

employed in the DRC to increase PV capabilities and adequately monitor the full range of neonatal 

health outcomes.  

By determining that archival medical records and enhanced monitoring data may 

accurately measure the prevalence of adverse birth outcomes, this study represents a key step in 
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potentially expanding the means for the surveillance of maternal and neonatal health outcomes in 

Kinshasa. This analysis thus has implications for the Congolese PV infrastructure and provides 

evidence in favor of utilizing archival medical records/enhanced monitoring data (in conjunction 

with spontaneous reporting mechanisms and DHIS2 surveillance) to address vaccine/drug safety 

inquiries more effectively in Kinshasa. However, in order to be more valuable PV tools, future 

work should be geared towards more accurately capturing maternal age information (especially in 

the archival medical records); likewise, PV investigations aimed at general population estimates 

should be sure to not impose exclusion criteria based on maternal age. Nonetheless, we hope these 

results will spur more widespread use of archival medical records and/or enhanced monitoring 

data, thereby supporting Nzolo et al.’s call for the increased application of health information 

systems and other innovative data sources to supplement current PV programs in the DRC.8 

Strengths and limitations 

In support of our findings, the major strength of this study was the use of the TOST 

procedure over standard hypothesis testing methods (i.e., difference testing). A limitation of the 

classical difference testing approach is that the absence of an effect (i.e., a difference between 

prevalence estimates) can be rejected but not statistically supported; thus, one can only conclude 

that the lack of a difference is consistent with no effect, assuming that the null hypothesis is true. 

The TOST procedure, on the other hand, allows for the establishment of equivalence due to the 

fact that the null hypothesis is that the two prevalence estimates differ by more than a pre-specified 

amount.27,30 Another advantage of the TOST procedure is that it is not as affected by large sample 

sizes; large sample sizes present a problem for classical difference testing procedures because such 

methods may lead to statistically significant results that are not actually meaningful.27,30 Another 

strength of this investigation was that it built on previous work that focused on the diagnostic 
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capability of archival medical records/enhanced monitoring data and found that such data sources 

could feasibly capture a variety of maternal and neonatal health outcomes via the Global 

Alignment of Immunization Safety Assessment in pregnancy (GAIA) criteria;15–17 this analysis 

thus further solidifies the justification for the utilization of archival medical records and enhanced 

monitoring data for PV and surveillance purposes in the DRC. 

 Nevertheless, there are several limitations of this investigation that must also be 

considered. For example, differences in data collection methods/variable definitions across the 

cohorts may have introduced some levels of information bias, thereby potentially impacting the 

validity of our interpretations. Relatedly, all three cohorts had data elements that were 

incompletely observed and/or inconsistently reported (thereby potentially leading to information 

and selection biases). However, missing data are common features of real-world data sources used 

for PV and surveillance purposes,5–7,53,54 so this limitation is not unique to the analysis done here; 

still, future investigations in this area should aim to employ multiple imputation methods (as 

feasible) to overcome this limitation. Furthermore, due to low levels of variable overlap between 

the DHIS2 data and the archival medical records/enhanced monitoring data, we were only able to 

account for the effect of one confounding variable (i.e., deliveries performed at general reference 

hospitals) in our analyses; consequently, other variables (such as socioeconomic status, number of 

ANC visits, previous medical history, etc.) were not factored into the analyses, thereby likely 

leading to some uncontrolled confounding.  

Moreover, the results of this study may not be generalizable outside of Kinshasa; therefore, 

our conclusions made about the suitability of the archival medical records/enhanced monitoring 

data may not necessarily apply to other large urban areas in the DRC. Somewhat relatedly, our 

analysis only included deliveries that occurred in larger health facilities with on-site storage of 
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birth records; as a result, home births and deliveries that occurred in smaller/less developed health 

facilities were excluded, potentially leading to the introduction of selection bias (assuming that 

home births/other institutional deliveries had a differential risk of adverse birth outcomes 

occurrence). Additionally, it should be noted that the COVID-19 pandemic officially reached the 

DRC about halfway through this study (i.e., on March 10, 2022);55 thus, it is possible that the 

impact of the COVID-19 pandemic along with the associated governmental response may have 

affected certain cohorts more than others, thereby potentially undermining the validity of the 

comparisons conducted here. Lastly, we did not directly compare the retrospective to the 

prospective cohort due to differences in data collection methods and time periods; however, our 

results indicated that the prevalence estimates for our outcomes were consistently lower in the 

prospective cohort compared to the retrospective cohort. Future investigations should therefore 

aim to directly compare archival medical records and enhanced monitoring data and evaluate the 

reasons behind potential discrepancies (if any) so that their utility as PV tools can be better 

understood.    

Conclusion 

 Notwithstanding these limitations, this study succeeded in comparing selected prevalence 

estimates from both archival medical records and enhanced monitoring data to those from the 

DHIS2 in order to assesses the suitability of the archival medical records/enhanced monitoring 

data for PV purposes in Kinshasa, DRC. Our results suggested that these alternative data sources 

are indeed suitable tools for the monitoring of adverse birth outcomes in Kinshasa, though issues 

were identified in their ability to accurately measure maternal age. Nonetheless, we hope that our 

findings lead to more widespread use and increased acceptance of alternative data in the form of 

archival medical records and enhanced monitoring data in order to bolster the ability of researchers 
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to better monitor maternal and neonatal health – including the safety of associated pharmaceutical 

interventions – in the DRC.
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2.6. Tables and Figures 

Table 2.1. Crude cohort prevalence percentage estimates among deliveries in Kinshasa, DRC from July 1, 2019 through 

January 31, 2021   

Outcome  
Measure 

July 1, 2019 through August 31, 2020 September 1, 2020 through January 31, 2021 

Retrospective 
Prevalence 
(95% CI) 

 

N = 14,256 

Surveillance 
Prevalence 
(95% CI) 

 

N = 216,788 

Prospective 
Prevalence 
(95% CI) 

 

N = 2,472 

Surveillance 
Prevalence 
(95% CI) 

 

N = 89,165 

Mothers under 20 
years of age 

7.29%  
(6.86%, 7.71%) 

12.84%  
(12.70%, 12.98%) 

3.68%  
(2.94%, 4.42%) 

11.57%  
(11.36%, 11.78%) 

Stillbirth 3.51%  
(3.21%, 3.82%) 

1.93%  
(1.88%, 1.99%) 

2.79%  
(2.14%, 3.44%) 

1.73%  
(1.64%, 1.81%) 

LBW 12.67%  
(12.12%, 13.21%) 

9.12%  
(9.00%, 9.24%) 

10.39%  
(9.19%, 11.60%) 

7.26%  
(7.09%, 7.43%) 

PTB 10.15%  
(9.65%, 10.65%) 

2.41%  
(2.34%, 2.47%) 

7.00%  
(5.99%, 8.00%) 

1.78%  
(1.70%, 1.87%) 

CI = confidence interval, DRC = Democratic Republic of the Congo, LBW = low birth weight, PTB = preterm birth. 
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Table 2.2. Adjusted cohort prevalence percentage estimates and comparisons among deliveries in Kinshasa, DRC from July 1, 

2019 through January 31, 2021   

Outcome 
Measure 

Retrospective vs. Surveillance Cohort Comparisons  
(July 1, 2019 through August 31, 2020) 

Prospective vs. Surveillance Cohort Comparisons  
(September 1, 2020 through January 31, 2021) 

Retrospective 
Prevalence 
(95% CI) 

 

N = 14,256 

Surveillance 
Prevalence 
(95% CI) 

 

N = 216,788 

Prevalence 
Difference† 
(95% CI) 

Prospective 
Prevalence 
(95% CI) 

 

N = 2,472 

Surveillance 
Prevalence 
(95% CI) 

 

N = 89,165 

Prevalence 
Difference† 
(95% CI) 

Mothers 
under 20 years 
of age 

7.19%  
(6.77%, 7.62%) 

12.84%  
(12.70%, 12.98%) 

-5.65%  
(-6.09%, -5.20%) 

3.63%  
(2.90%, 4.37%) 

11.57%  
(11.36%, 11.78%) 

-7.93%  
(-8.70%, -7.17%) 

Stillbirth 2.24%  
(2.00%, 2.49%) 

1.93%  
(1.88%, 1.99%) 

0.31%  
(0.06%, 0.56%) 

1.92%  
(1.38%, 2.47%) 

1.73%  
(1.64%, 1.81%) 

0.20%  
(-0.35%, 0.74%) 

LBW 11.10%  
(10.58%, 11.61%) 

9.12%  
(9.00%, 9.24%) 

1.98%  
(1.45%, 2.51%) 

8.63%  
(7.52%, 9.74%) 

7.26%  
(7.09%, 7.43%) 

1.36%  
(0.24%, 2.49%) 

PTB 8.33%  
(7.87%, 8.79%) 

2.41%  
(2.34%, 2.47%) 

5.92%  
(5.47%, 6.38%) 

5.40%  
(4.50%, 6.30%) 

1.78%  
(1.70%, 1.87%) 

3.61%  
(2.72%, 4.51%) 

CI = confidence interval, DRC = Democratic Republic of the Congo, LBW = low birth weight, PTB = preterm birth. 
†Prevalence Difference = Retrospective/Prospective Cohort Prevalence – Surveillance Cohort Prevalence. 
Adjusted cohort prevalence estimates and comparisons computed by weighting the crude results from the retrospective and prospective cohorts 
according to the distribution of the general reference hospitals from the surveillance cohort.   
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Figure 2.1. Location of study site health facilities in the retrospective and prospective cohorts, Kinshasa, DRC 

 

DRC = Democratic Republic of the Congo. 
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Figure 2.2. Adjusted monthly prevalence estimates for each outcome measure over the study period, by cohort 

 

Adjusted prevalence estimates computed by weighting the crude results from the retrospective and prospective cohorts according to 

the distribution of the general reference hospitals from the surveillance cohort.   
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Figure 2.3. Adjusted prevalence comparisons with two TOST equivalence margins, by comparison set 

 

TOST = two one-sided test. Adjusted prevalence estimates computed by weighting the crude results from the retrospective and 

prospective cohorts according to the distribution of the general reference hospitals from the surveillance cohort.   
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Figure 2.4. Adjusted prevalence comparisons with two TOST equivalence margins, by comparison set, accounting for clustering 

at the health-facility level  

 

TOST = two one-sided test. Adjusted prevalence estimates computed by weighting the crude results from the retrospective and 

prospective cohorts according to the distribution of the general reference hospitals from the surveillance cohort.   
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2.7. Appendix 

Supplemental Table 2.1. Outcome variables and their associated definitions 

Outcome Variable Retrospective Cohort 
Definition 

Prospective Cohort 
Definition 

Surveillance Cohort Definition 
Verbatim (French) Translation (English) 

Mothers under 20 years 
of age 

Maternal age at delivery 
(years)  

Maternal age at delivery 
(years)  

Accouchée âgée de 
moin de 20 ans  

Childbirth under 20 
years of age 

Stillbirth 
Any instance of 
stillbirth* (either intra- 
or post-partum)  

Any instance of 
stillbirth* (either intra- 
or post-partum)  

Mort-nés frais/Mort-
nés macérés 

Fresh stillbirth/ 
macerated stillbirth 

LBW Newborn weight less 
than 2,500 grams  

Newborn weight less 
than 2,500 grams  

Nouveaux-nés avec 
moins de 2500 
grammes  

Newborns with less 
than 2,500 grams 

PTB 

PTB designation or 
presence of a 
gestational age at birth 
less than 37 weeks  

PTB designation or 
presence of a 
gestational age at birth 
less than 37 weeks  

Nouveaux nés 
prématurés Premature birth 

LBW = low birth weight, PTB = preterm birth.  
*Defined per standard practice (i.e., the birth of a baby following fetal death either before [antepartum stillbirth] or during labor/birth 
[intrapartum stillbirth]).32  
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Supplemental Figure 2.1. Results of outlier analysis using Cook’s distance 
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Chapter 3. The Impact of COVID-19 Mitigation Measures on Neonatal Health Outcomes in 

Kinshasa, Democratic Republic of the Congo: An Interrupted Time Series Analysis 

3.1. Abstract 

 Research is mixed regarding the impact of COVID-19 mitigation measures on neonatal 

health outcomes; moreover, investigations on the topic within sub-Saharan Africa have been 

limited. In response, we compared the incidence of stillbirth, low birth weight (LBW), and preterm 

birth (PTB) before and after the introduction of mitigation measures in Kinshasa, Democratic 

Republic of the Congo (DRC). This retrospective cohort study utilized archival medical records 

from September 2019 to August 2020 to collect demographic and clinical variables on mothers 

and their newborns and employed interrupted time series (ITS) methodology. Mixed-effect 

segmented regression models comparing the pre-COVID-19 period to the COVID-19 mitigation 

measures period were used to generate incidence rate ratios (IRRs) with corresponding 95% 

confidence intervals (CIs); time-varying confounders and seasonality were incorporated into the 

models as needed. Additionally, multiple imputation was performed to impute missing data. A 

total of 11,757 medical records were abstracted over the study period and aggregated at the health-

facility-week level. Segmented regression models indicated that the stillbirth rate (adjusted IRR: 

0.97; 95% CI: 0.94, 1.02) did not increase while the rates of LBW (adjusted IRR: 0.96; 95% CI: 

0.94, 0.98) and PTB (adjusted IRR: 0.96; 95% CI: 0.94, 0.98) declined slightly during the COVID-

19 mitigation measures period. This study succeeded in employing ITS methodology to assess the 

impact of COVID-19 mitigation measures on the incidence of select adverse birth outcomes in 

Kinshasa, DRC. Though issues were identified in our ability to properly assess seasonality, we 

hope that our findings provide practical insights for Congolese health officials regarding the real-

world effects of COVID-19 mitigation measures during the first wave of the pandemic and enable 
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them to be better-prepared if similar policies need to be introduced in response to future infectious 

disease outbreaks.   

3.2. Introduction 

  Since the emergence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

in December 2019, the COVID-19 pandemic has strained health systems throughout the world and 

weakened global health infrastructures.1 The pandemic as well as associated pandemic policies 

have also had deleterious effects on mental health,2–4 the global economy and financial markets,5,6 

and food insecurity.7–9 Additionally, in terms of the pandemic’s global impact, the World Health 

Organization (WHO) estimates there have been approximately 760 million confirmed cases of 

COVID-19 (including nearly 7 million reported deaths) as of March 16, 2023.10 In contrast to the 

high COVID-19 caseloads in other parts of the world, the WHO African Region has remained the 

least affected area with only 9.5 million (1.25%) confirmed cases of COVID-19 and 175,315 

(2.55%) reported COVID-19 deaths as of March 16, 2023;10 in the Democratic Republic of the 

Congo (DRC) specifically, there have been 95,814 confirmed cases with 1,464 associated deaths 

in the country as of March 16, 2023.11  

The first case of COVID-19 in the DRC was reported on March 10, 2020;12 in response, 

the national government immediately introduced outbreak management and control plans that 

included COVID-19 mitigation measures like the closure of bars, restaurants, and schools. On 

March 24, 2020, the Congolese government then declared a nationwide state of public health 

emergency that resulted in the closure of international borders, the restriction of travel in and out 

of the capital, Kinshasa, and the compulsory wearing of masks. In Kinshasa itself, the governor 

announced the total confinement of the municipality of Gombe (i.e., La Gombe), an affluent area 

where many key governing bodies are stationed, on April 6, 2020 in response to an outbreak of 
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COVID-19 cases in that area. The Gombe lockdown was partially lifted on April 22, 2020 but 

officially remained in place until June 29, 2020. The national state of public health emergency, on 

the other hand, was renewed six times and ultimately ended on July 22, 2020; however, Kinshasa 

did not begin to relax its COVID-19 mitigation measures until September 2020.13–17  

Many feared that such measures would lead to decreased access to healthcare, particularly 

maternal and neonatal health services, as well as increased rates of adverse pregnancy and birth 

outcomes in the DRC and other low- and middle-income countries (LMICs).18–20 Indeed, early 

investigations conducted in South Africa,21 Pakistan,22 and Nepal23 suggested that lockdowns and 

other mitigation measures led to decreases in routine immunizations, institutional delivery rates, 

and/or the utilization of child healthcare services. Within the DRC though, a natural experimental 

analysis of District Health Information System 2 (DHIS2) data during the first wave of the 

pandemic in Kinshasa found that maternal health services and vaccinations were not significantly 

affected by the pandemic itself or by lockdown measures.13 Somewhat similarly, research from 

eight sub-Saharan African countries (including the DRC) indicated that the most substantial 

reductions in medical services during the early stages of the pandemic were reported for outpatient 

consultations and childhood vaccinations, while results for reproductive and maternal healthcare 

service utilization were mixed.24 Regarding adverse birth outcomes, Naqvi et al.25 performed a 

prospective, population-based cohort study among pregnant women enrolled in the Global 

Network for Women's and Children's Health's Maternal and Newborn Health Registry in Kenya, 

Zambia, DRC, Pakistan, India, and Guatemala and reported no increases in stillbirth, neonatal 

mortality, maternal mortality, low birth weight (LBW), or preterm birth (PTB) during the COVID-

19 period compared with the previous year. 
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Nonetheless, our overall comprehension of the public health impact of the COVID-19 

pandemic on maternal and neonatal health outcomes is still evolving. Although the literature 

broadly supports an association between SARS-CoV-2 infection during pregnancy and certain 

adverse birth outcomes like PTB and stillbirth,26–30 results have been more mixed with regards to 

the impact of COVID-19 mitigation measures on adverse birth outcomes. For example, one of the 

first meta-analyses conducted in this topic area that compared pregnancy and birth outcomes 

before and during the first wave of the pandemic reported increases in maternal deaths, stillbirth, 

ruptured ectopic pregnancies, and maternal depression; however, the authors noted that other 

outcomes showed considerable disparity between high- and low-resource settings.31 Later meta-

analyses produced conflicting results;32–35 for instance, Vaccaro et al.32 determined that lockdown 

measures were associated with a significantly increased risk of stillbirth but were not associated 

with PTB or LBW, while Hawco et al.34 concluded that COVID-19 mitigation measures resulted 

in a reduction in PTB for iatrogenic births and in singleton pregnancies but had no effect on the 

risk of stillbirth or LBW. More recently, an interrupted time series (ITS) and meta-analysis using 

data from approximately 52 million births across 26 (mostly high-income) countries reported small 

reductions in PTB during the first three months of lockdowns; the authors also noted that there 

were somewhat mixed results for stillbirth due to it being a relatively rare event, thereby resulting 

in imprecise estimates.36  

Despite the value of these studies, investigations specifically examining adverse pregnancy 

and birth outcomes during the early stages of the COVID-19 pandemic within sub-Saharan Africa 

have been relatively uncommon; for instance, little research has been conducted on the effect of 

COVID-19 mitigation measures on adverse birth outcomes in the DRC. In response to this 

knowledge gap, we built on preliminary research conducted by our group in this area37 and 
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compared the incidence of stillbirth, LBW, and PTB in the pre-COVID-19 period to the COVID-

19 mitigation period in Kinshasa, DRC via ITS methodology. By assessing the association between 

pandemic policies and certain adverse birth outcomes in Kinshasa, we aimed to inform Congolese 

policymakers and health officials about the effects of such policies on neonatal health so that they 

are more knowledgeable in case they need to implement similar measures in response to future 

infectious disease outbreaks. 

3.3. Methods 

Study design & sites/procedures 

This investigation was an observational study that utilized the previously mentioned 

retrospective cohort comprised of archival medical records abstracted from health facilities 

throughout Kinshasa; the overall study design, site selection, and data collection procedures have 

been described elsewhere.37,38 Briefly though, we conducted a two-phase facility-based 

retrospective cohort study that first collected and digitized archival medical records of mother-

child pairs from births occurring in delivery centers throughout Kinshasa between July 1, 2019 

and February 28, 2020; in response 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. For both 

rounds of data collection, abstractors first used Open Data Kit software to abstract necessary 

information and then uploaded the results to an online server; next, the results were downloaded 

and screened to identify deliveries that resulted in an adverse birth outcome. For those deliveries, 

a supplementary module to collect additional information on the mother was implemented. In order 

to be eligible for selection into this retrospective cohort, the health facilities had to have met the 

following inclusion criteria: presence of a maternity ward, high birth volume (i.e., more than 1000 
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births per year), and on-site storage of birth records. The ten study sites that were ultimately 

selected via random sampling were Bomoi, Bondeko, Lisanga, Siloe Bdom, and Bosembo Health 

Centers; Esengo, Mokali, Saint Joseph, and Kinshasa General Reference Hospitals; and Ngaliema 

Clinic. 

Variables 

The primary outcome variables of interest were the following: stillbirth, LBW, and PTB. 

Stillbirth was defined per standard practice (i.e., the birth of a baby following fetal death either 

before [antepartum stillbirth] or during labor or birth [intrapartum stillbirth])39 and screened 

positive when there was any instance of either intra- or post-partum stillbirth in the archival 

medical records. Similarly, LBW was defined according to the WHO cutoff (i.e., a birth weight 

less than 2,500 grams),40 and thus this cutoff was used to distinguish LBW newborns in the archival 

medical records. Likewise, PTB was identified via explicit PTB designation and/or presence of a 

gestational age at birth less than 37 completed weeks41 in the archival medical records. 

Additionally, the initial imposition of COVID-19 mitigation measures (i.e., the imposition of mask 

mandates, social distancing policies, school/bar/restaurant closures, travel restrictions, etc.)13,17 

was considered the intervention/exposure of interest. With regards to time periods, September 17, 

2019 through March 9, 2020 was classified as the pre-COVID-19 period (i.e., the “control” period) 

while March 10, 2020 through August 29, 2020 was classified as the COVID-19 mitigation 

measures period (i.e., the “treated” period); this time frame for the treated period was chosen in 

order to fully include the introduction and eventual phasing out of COVID-19 mitigation measures 

in Kinshasa.12–17 Statistical considerations drove the time frame selection for the control period as 

statistical power is increased in ITS analyses when the number of time points are equally 
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distributed pre- and post-intervention;42 moreover, a common recommendation for ITS analyses is 

to have at least twelve time points before and after the intervention.43–45  

Furthermore, the following variables were considered as covariates of interest due to their 

potential confounding effect for all analyses: newborn sex (i.e., male or female), maternal age (in 

years), delivery complications (i.e., documentation of antepartum/postpartum hemorrhage, a 

retained placenta, obstructed labor, and/or maternal death), singleton status (i.e., singleton or 

multiple birth), delivery type (i.e., vaginal delivery or Cesarean section), and parity (i.e., 

nulliparous [0 previous deliveries], multiparous [1 to 4 previous deliveries], or grand multiparous 

[5 to 10 previous deliveries]). The health facility in which the deliveries were performed was also 

recorded because the primary unit of observation was the health-facility week. Relatedly, date of 

birth (DOB) was used as the “running variable” to enable the observation of outcomes over time; 

for analysis purposes, DOBs were grouped into weekly intervals, thereby resulting in twenty-five 

time points before and after the intervention. As a DOB was necessary to accurately track the 

outcomes over time, any newborn without a DOB explicitly recorded in their medical record was 

not eligible for inclusion in the final study population. A hypothesized causal diagram depicting 

the relationships between the study variables can be found in Supplemental Figure 3.1. 

Primary statistical analysis 

 For the comparison of stillbirth, LBW, and PTB between the pre-COVID-19 period and 

the COVID-19 mitigation period, a natural experimental approach was used and an ITS design – 

which is an established way to analyze “a sequence of count or continuous data at evenly spaced 

intervals over time, with one or more well-defined change points that correspond to the 

introduction of an intervention”46 – informed the primary analytical approach. Since there are 

short-term outcomes that are expected to change relatively quickly in the post-intervention period, 
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a clearly defined differentiation between the pre- and post-intervention periods, and sequential 

measures of the outcome both before and after the intervention, an ITS design was determined to 

be an appropriate analysis method for our purposes according to the recommendations from Bernal 

et al.42 We hypothesized that the impact of the COVID-19 mitigation measures would result in a 

negative slope change for LBW and for PTB during the COVID-19 mitigation period; however, 

we hypothesized that there would be no change in either the slope or the trend level for stillbirth 

during the COVID-19 mitigation period. 

Descriptive statistics were first generated at the individual level. Covariate information on 

the mothers and their newborns in both periods and overall were tabulated using means with 

standard deviations (SDs) for continuous variables and frequencies and percentages for categorical 

variables. Covariate balance between the two time periods of interest was assessed via Welch's 

two-sample t-test or Pearson's chi-squared test (as appropriate) at the 0.05 level of significance; 

any time-varying covariates (i.e., covariates that were significantly different between the two time 

periods) were considered as potential confounders. As our primary unit of observation was the 

health-facility week, descriptive statistics were also generated at this aggregated level to confirm 

that they were consistent with individual-level results. Covariate balance between the two time 

periods of interest was assessed at the aggregated level via visual inspection to confirm the 

balance/imbalance matched the individual-level findings. Time-varying covariates that were 

consistent across the individual- and aggregated-level results were designated as confounders. 

Additionally, graphical representations of the time series in weekly intervals for each adverse birth 

outcome were generated to visually assess the data (and ensure the suitability of the ITS approach).  

For regression analyses, the following mixed-effect segmented regression model 

accounting for health-facility heterogeneity using health-facility-week-level counts of each 
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adverse birth outcome (with total deliveries as the corresponding offset) was used to generate crude 

incidence rate ratios (IRRs) with corresponding 95% confidence intervals (CIs):  

 

𝐸(𝑌%,'|𝑇𝑖𝑚𝑒' , 𝑃𝑜𝑠𝑡') = 𝑒()!"*)#∗,%-.$*)%∗/01'$*)&∗,%-.$∗/01'$*2",$), 

 

where Yi,t was the incidence of the outcome of interest (i.e., either stillbirth, LBW, or PTB) at 

health facility i at time-point t, Timet was the time elapsed since the start of the study in weekly 

intervals at time-point t, Postt was a dummy variable for pre-intervention (i.e., Post = 0) and post-

intervention (i.e., Post = 1) at time-point t, 𝛽4% was the baseline incidence of the outcome of interest 

at t = 0 with a health-facility-level random effect, 𝛽! was the underlying pre-intervention trend, 𝛽" 

was the level change immediately following the intervention, 𝛽5 was the slope (i.e., the trend) 

change following the intervention, and 𝜀%,' was the error term. The following adjusted mixed-effect 

segmented regression model accounting for health-facility heterogeneity that incorporated the 

effect of the time-varying confounders using health-facility-week-level counts of each adverse 

birth outcome (with total deliveries as the corresponding offset) was used to generate adjusted 

IRRs with corresponding 95% CIs: 

 

𝐸;𝑌%,'<𝑇𝑖𝑚𝑒' , 𝑃𝑜𝑠𝑡' , 𝐶'> = 𝑒()!"*)#∗,%-.$*)%∗/01'$*)&∗,%-.$∗/01'$*)(∗6$*2",$), 

 

where Ct represented the time-varying confounders at time-point t and 𝛽7 represented the effect of 

the time-varying confounders. A log-linear rate model, assuming a negative binomial distribution 

to account for overdispersion for each outcome, was used to inform all segmented regression 

models.  

To account for the relatively short time series before and after the intervention, the 

seasonality of each outcome was incorporated into the segmented regression models as a time-
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varying confounder when necessary. No studies were identified in the literature that investigated 

the seasonality of stillbirth, LBW, and PTB in Kinshasa; thus, the previously discussed DHIS2 

database – which is the world’s largest health information management platform and was adopted 

by the DRC Ministry of Health as the national health information system beginning in 201447,48 –  

was used to determine whether any of these adverse birth outcomes exhibited seasonal variation 

in Kinshasa during the previous two years (i.e., from September 2017 through August 2019). For 

those outcomes that were determined to exhibit seasonal variation upon visual inspection, the 

corresponding segmented regression model was updated to account for the seasonality by the 

addition of periodic functions via Fourier terms, which is a common method to account for 

seasonality.42,49,50 Visual inspection was used to assess the seasonality as opposed to formal 

statistical tests due to the fact that only a limited number of (monthly) observations were available 

from the DHIS2 data, thereby leading to inadequate statistical power. All segmented regression 

models were also assessed for autocorrelation (i.e., the phenomenon in which consecutive 

observations tend to be more similar to one another than those that are farther apart)42,49 via the 

partial autocorrelation function (PACF).  

 Lastly, multiple imputation (MI) methods were employed to impute missing data at the 

individual level as some variables (e.g., parity, delivery complications, and maternal age) had 

moderate levels of missingness (i.e., ranging from 10% to 25%) while other variables (e.g., 

newborn sex and LBW) had minor levels of missingness (i.e., less than 5%). After inspection of 

the possible missing data-generating mechanisms, it was determined that the missingness pattern 

was dependent on health-facility type (i.e., hospital vs. health center vs. clinic) with Ngaliema 

Clinic contributing the highest levels of missingness (i.e., greater than 50%) for parity, delivery 

complications, and maternal age (Supplemental Figure 3.2). Therefore, we assumed that the data 
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were missing at random (MAR) and utilized the MI by chained equations (MICE) procedure.51,52 

More specifically, we generated ten multiply imputed datasets using the mice package51 with a 

seed of 976 and included the following variables in the MICE procedure: maternal age, parity, 

delivery complications, delivery type, singleton status, newborn sex, stillbirth, LBW, PTB, and 

health-facility type. To impute maternal age, we used predictive mean matching, while polynomial 

regression was used for imputing parity. The remaining variables (except health-facility type, 

which was completely observed) were all imputed using logistic regression. The results of the 

MICE procedure were also evaluated to ensure that none of the imputations were markedly 

different from the observed data.  

Sensitivity analyses 

 Furthermore, a number of sensitivity analyses were performed. First, in order to account 

for any potential delays in effect, a sensitivity analysis, in which a two-week buffer period was 

added after the imposition of COVID-19 mitigation measures, was conducted; for this sensitivity 

analysis, the pre-COVID-19 period remained the same (i.e., from September 17, 2019 through 

March 9, 2020), but the COVID-19 mitigation period was changed from March 10, 2020 through 

August 29, 2020 to March 24, 2020 through August 29, 2020. Second, in order to account for 

potential effects related to time period selection bias (which has been documented as a critique of 

other studies in this area),53 another sensitivity analysis, in which the pre-COVID-19 mitigation 

period was extended, was conducted; for this sensitivity analysis, the pre-COVID-19 period was 

changed from September 17, 2019 through March 9, 2020 to July 1, 2019 through March 9, 2020, 

while the COVID-19 mitigation period remained the same (i.e., from March 10, 2020 through 

August 29, 2020 ). Third, in order to account for the fact that Kinshasa had a partial lockdown in 

only one part of the city (i.e., Gombe),13–17 a final sensitivity analysis, in which the ITS procedure 
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was stratified by lockdown status, was conducted; for this sensitivity analysis, the two health 

facilities located within Gombe (i.e., Ngaliema Clinic & Kinshasa General Reference Hospital) 

were considered as the lockdown health facilities while the other eight health facilities were 

considered the non-lockdown health facilities. All statistical analyses were performed using R 

version 4.0.4 (R Foundation for Statistical Computing, Vienna, Austria). 

Informed consent and ethical approval  

No informed consent process took place as no active participant recruitment or enrollment 

were performed. 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, to 

perform the retrospective data collection/analysis procedures. Additionally, the use/analysis of the 

DHIS2 for seasonality background information met the criteria for exemption from IRB review 

due to the fact that the DHIS2 data are de-identified, secondary data. 

3.4. Results 

Study population  

 A total of 11,757 medical records with DOB information were abstracted over the study 

period with 5,457 medical records (46.41%) abstracted during the pre-COVID-19 period and 6,300 

medical records (53.59%) abstracted during the COVID-19 mitigation measures period. Mean 

maternal age was 28.74 years (SD: 6.33 years); more than three-quarters (i.e., 81.92%) of the 

deliveries were vaginal deliveries and the vast majority (i.e., 94.79%) of the deliveries resulted in 

a singleton birth. Moreover, only 6.18% of the women were grand multiparous, while 31.32% and 

62.50% were nulliparous and multiparous, respectively. When stratified by treatment period, we 

saw that slightly more males were born during the COVID-19 mitigation measures period (i.e., 
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53.13% vs. 51.15%, unadjusted p-value = 0.033); additionally, delivery complications were much 

less common during the COVID-19 mitigation measures period (i.e., 22.16% vs. 31.83%, 

unadjusted p-value < 0.001). Regarding the adverse birth outcomes of interest, there was virtually 

no difference in the proportion of stillbirth or LBW across treatment periods; however, there was 

a slightly lower proportion of PTB during the COVID-19 mitigation measures period (i.e., 9.14% 

vs. 10.28%, unadjusted p-value = 0.04) (Table 3.1). 

Aggregated data assessments 

 When aggregated at the health-facility-week level, covariate balance was found to be 

consistent with the individual-level results. For example, the mean maternal age and the 

proportions of singleton deliveries, vaginal deliveries, and multiparous women were still non-

differential across treatment periods; likewise, we again saw that there was a slightly higher 

proportion of male newborns but a much lower proportion of delivery complications in the 

COVID-19 mitigation measures period compared to the pre-COVID-19 period (Figure 3.1). Thus, 

newborn sex and delivery complications were considered as time-varying confounders for the 

adjusted segmented regression models. Furthermore, plots of the time series in weekly intervals 

suggested declines in the LBW and PTB rates during the COVID-19 mitigation measures period; 

however, no change in the stillbirth rate appeared to occur during the COVID-19 mitigation 

measures period based on the time series plot (Figure 3.2).  

Seasonality evaluations 

 Seasonality evaluations yielded mixed results. For instance, visual inspection of the 

monthly time series data from the DHIS2 for all three adverse birth outcomes suggested a peak 

around December through February with a corresponding decline beginning in March or April in 

each evaluated annual period; however, these peaks and declines for stillbirth and PTB were all 



 67 

within one or two percentage points, while the peaks and declines for LBW were within a much 

wider range (i.e., around six percentage points). Moreover, examination of the 95% CIs and 

standard error around the trend lines indicated that there were high (but not complete) levels of 

overlap across the months within a given a year (Figure 3.3). Thus, a clear seasonal pattern was 

not established for any of the three adverse birth outcomes of interest; nonetheless, since all three 

outcomes suggested a decline in March or April (and March 10th represented the threshold between 

the pre-COVID-19 and COVID-19 mitigation periods), a conservative approach was taken in 

which adjusted segmented regression models were further modified via the addition of a single 

sine/cosine pair in order to incorporate the (potentially) confounding effect of seasonality.  

Primary ITS analyses 

 In the crude segmented regression models, we found that the rate of stillbirth was 

unchanged – or at the very least, did not increase – during the COVID-19 mitigation measures 

period (IRR: 0.97; 95% CI: 0.94, 1.01); however, the crude segmented regression models also 

demonstrated that the rates of LBW (IRR: 0.96; 95% CI: 0.94, 0.98) and PTB (IRR: 0.97; 95% CI: 

0.94, 0.99) declined slightly during the COVID-19 mitigation measures period. Additionally, the 

crude segmented regression models showed that the underlying pre-intervention rates of stillbirth 

and PTB were essentially static (as the corresponding IRRs for both outcomes was 1.00), while 

the underlying pre-intervention LBW rate was slightly positive (IRR: 1.02; 95% CI: 1.00, 1.03). 

Regarding the level change following the imposition of COVID-19 mitigation measures, results 

were mixed by outcome (Table 3.2); however, it should be noted that any change (or lack thereof) 

in the week following the imposition of COVID-19 mitigation measures was more likely due to 

underlying variability in the time series itself as opposed to any immediate effect of the imposition 

of COVID-19 mitigation measures.  
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After adjusting for delivery complications and newborn sex (i.e., the time-varying 

confounders) in the adjusted segmented regression models, the results were virtually unchanged. 

For instance, the slope changes for stillbirth (IRR: 0.97; 95% CI: 0.94, 1.02), LBW (IRR: 0.96; 

95% CI: 0.94, 0.98), and PTB (IRR: 0.96; 95% CI: 0.94, 0.98) following the imposition of the 

COVID-19 mitigation measures in the adjusted model were almost identical to the corresponding 

slope changes from the crude model. However, after also accounting for potential seasonality, the 

results were slightly altered. More specifically, the seasonality-adjusted model indicated that there 

was no change in the PTB rate (IRR: 0.94; 95% CI: 0.83, 1.05) during the COVID-19 mitigation 

measures period; however, the seasonality-adjusted model also indicated the lack of any change 

for the stillbirth rate but a decline in the LBW rate during the COVID-19 mitigation measures 

period, a finding consistent with the other two models (Table 3.2). Additionally, across all three 

model types (i.e., the crude, adjusted, and seasonality-adjusted models), PACF plots revealed that 

autocorrelation was not present (Figure 3.4), thereby confirming the independence of the 

observations and thus providing evidence for the validity of the ITS approach implemented here. 

Sensitivity analyses  

 The results from both the first sensitivity analysis (i.e., the analysis that added a two-week 

lag after the imposition of COVID-19 mitigation measures) and the second sensitivity analysis 

(i.e., the analysis that extended the pre-COVID-19 period to July 2019) were essentially the same 

as the results from the primary ITS analysis. Somewhat similarly, in the third sensitivity analysis 

(i.e., the analysis that stratified the results by lockdown status), we did not detect any major 

differences between the health facilities located in the Gombe lockdown zone and the health 

facilities located outside of the lockdown zone in the crude and adjusted models (and these results 

were consistent with the results from the primary ITS analysis). However, it should be noted that 
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the seasonality-adjusted models suggested differences in the post-intervention slope changes for 

stillbirth and PTB by lockdown status; nonetheless, these results were not statistically significant 

(Supplemental Table 3.1). 

3.5. Discussion 

Summary 

 This study utilized a natural experimental approach to evaluate the impact of COVID-19 

mitigation measures during the first wave of the pandemic on three key adverse birth outcomes 

(i.e., stillbirth, LBW, and PTB) in Kinshasa, DRC via archival medical records. Through this ITS 

analysis, we determined that the stillbirth rate appeared to not increase while the LBW and PTB 

rates seemed to decline slightly after the imposition of COVID-19 mitigation measures. Despite 

issues in our ability to definitively assess the seasonality of the adverse birth outcomes using 

DHIS2 data, our results still provide critical insights into how COVID-19 policies affected 

neonatal health in the DRC; additionally, this investigation helps to address a fundamental 

knowledge gap regarding the effects of the COVID-19 pandemic within the DRC specifically and 

sub-Saharan Africa more generally.  

Literature comparisons 

 As previously mentioned, there has yet to be a global consensus on the association between 

COVID-19 policies and perinatal health outcomes due to inconsistent results from a variety of 

studies, thereby making it challenging to draw broad conclusions or generalize findings across 

populations. For example, research from Argentina,54 Botswana,55 Denmark,56,57 France,58,59 

Iceland,60 Ireland,61 Israel,62 Italy,63 Japan,64 South Korea,65 and the United States (US)66,67 

reported that the PTB rate decreased during periods when lockdowns and/or mitigation measures 

were in place compared to pre-COVID-19 periods, while other studies conducted in Austria,68 
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Canada,69,70 China,71 England,72 Jordan,73 Spain,74 Sweden,75 Uganda,76 and the US77–79 did not 

detect any changes in the PTB rate during periods when lockdowns and/or mitigation measures 

were implemented; other studies in China80 and Nepal23 even concluded that the PTB rate 

increased after the imposition of mitigation measures. Similar discrepancies have been 

documented for stillbirth and LBW as evinced by the aforementioned meta-analyses conducted in 

this area.31–34 Although the exact mechanism of any potential decrease in adverse birth outcome 

rates is unknown, some researchers have posited that the overall reduction in infectious disease 

incidence and decreased exposure to air pollution as a result of mitigation measures may all 

contribute.36,55,81 Nonetheless, others have argued that methodological issues (e.g., a small number 

of outcomes and uncontrolled confounding) as well as the potential of publication bias undermine 

our ability to draw (causal) conclusions.53,82 

Further complicating our comprehension, few studies have included both PTB and stillbirth 

rates in their analyses, thereby making it difficult to conclude whether any reduction in the PTB 

rate was potentially offset by a corresponding increase in the stillbirth rate.36 In response to this 

knowledge gap, Calvert et al.36 performed a large-scale ITS and meta-analysis using data from 

approximately 52 million births across 26 (mostly high-income) countries and found that the 

“decrease in PTBs did not appear to be linked with an increase in stillbirths in most settings.” 

Though our analysis was conducted in a low-income setting, our results generally agreed with their 

findings in that we also found a reduction in the PTB rate without a corresponding increase in the 

stillbirth rate. Indeed, we even reported a similar change in the PTB rate as Calvert et al.36 observed 

a 3–4% relative reduction, a finding in line with the IRRs of 0.97 of 0.96 reported here from the 

crude and adjusted models, respectively; likewise, although the PTB estimate from the seasonality-

adjusted model was not statistically significant according to the classical threshold,  its 95% CIs 
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were still mostly compatible with a reduction in the PTB rate. Additionally, it should be 

highlighted that our results consistently suggested a reduction in LBW rates (across all three model 

types in the primary analysis) during the COVID-19 mitigation measures period. Although there 

is much less literature available on this topic, investigations conducted in Ireland,83 South Korea,65 

and Uganda76 also reported reductions in LBW during the imposition of COVID-19 mitigation 

measures; nonetheless, other studies from Spain,74 Japan,84 and Nepal23 reported a lack of any such 

association. 

Kinshasa-specific contextual considerations 

 Despite the commonalities between our findings and those from other studies, there are a 

few key considerations specific to Kinshasa that should be noted when contextualizing these 

results. First, research on adherence to COVID-19 prevention measures in Kinshasa has been 

mixed; for example, an online survey that enrolled 830 participants in Kinshasa from April 23 to 

June 8, 2020 reported high levels (i.e., ³ 80%) of self-reported physical distancing, face mask use, 

and regular handwashing.85 Nonetheless, a community-based cross-sectional study conducted in 

Kinshasa in June 2020 among 1326 participants concluded that most participants found wearing 

masks acceptable and reported doing so regularly along with handwashing but also reported that 

about half of the participants had low knowledge scores about COVID-19 transmission, 

signs/symptoms, and preventive measures.86 Somewhat similarly, a cross-sectional study among 

934 pregnant women in Kinshasa conducted between August 2020 and January 2021 employed 

direct observation to determine face mask adherence and concluded that overall and correct face 

mask adherence levels were low (i.e., 33.1% and 10.7%, respectively) among participants.87 

Therefore, it could be the case that the effect of the intervention (i.e., COVID-19 mitigation 

measures) was weaker in Kinshasa – due to low levels of adherence – than the interventions 
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employed in other countries with higher levels of adherence/compliance, potentially suggesting 

that the reduction in PTB and LBW rates in Kinshasa could have been greater had adherence to 

COVID-19 mitigation measures been higher.    

In a similar vein, the majority of the studies in this area were conducted in locations that 

experienced total lockdowns during the first wave of COVID-19, as such strategies were common 

in areas that experienced rapid increases in COVID-19 incidence. However, the local government 

in Kinshasa only implemented a partial lockdown in the municipality of Gombe as opposed to a 

city-wide lockdown.13–17 As a result, the majority of the city only experienced general COVID-19 

mitigation measures (such as mask wearing and basic social distancing); therefore, any cross-

country comparisons should be made with caution as the type and degree of COVID-19 mitigation 

measures in Kinshasa were not necessarily equivalent to those from other countries, especially 

high-income ones. Nonetheless, it should be highlighted that our third sensitivity analysis (i.e., the 

analysis in which the results were stratified by lockdown status) was conducted in order to 

determine whether the Gombe lockdown resulted in significant differences for the health facilities 

in Gombe. Since those results did not suggest any discrepancies, it may be the case that the Gombe 

lockdown had spillover effects (which occur when “some aspect of [a] policy spills over and 

influences” outcomes in policy-unaffected areas)88,89 that impacted the rest of the city; 

alternatively, since one of the only two Gombe health facilities in our sample was Kinshasa 

General Reference Hospital, it could also be the case that it was not possible to isolate the effect 

of the Gombe lockdown due to the fact that pregnant women from all over the city were eligible 

to be referred to Kinshasa General Reference Hospital (as highlighted by Hategeka et al.13 in their 

analysis of health service utilization during the first pandemic wave in Kinshasa).  
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Furthermore, another major difference between this analysis and the ones conducted in 

other (high-income) countries relates to reported COVID-19 incidence. As previously mentioned, 

there have been only about 10,000 confirmed COVID-19 cases in the DRC as of March 16, 2023,11 

thereby suggesting a low overall SARS-CoV-2 infection rate throughout the DRC. However, 

recent serosurveillance analyses have demonstrated that “a key reason for low case burden in many 

African nations is significant underdetection and underreporting;”90 indeed,  a cross-sectional, 

household-based serosurvey conducted between October 2020 and November 2020 in Kinshasa 

among 1233  participants found that the estimated SARS-CoV-2 infection-to-case ratio was 292:1, 

thus demonstrating that the prevalence of SARS-CoV-2 was much higher in Kinshasa than the 

number of COVID-19 cases reported.91 As a result of this imperfect picture of SARS-CoV-2 

infection, it is difficult to determine how effective the mitigation measures were at reducing 

COVID-19 incidence in Kinshasa; the lack of such information thus further hinders our ability to 

fully contextualize our results (and perform direct international comparisons regarding the effect 

of mitigation measures on neonatal health outcomes) since SARS-CoV-2 infection during 

pregnancy is associated with an increased risk of PTB and stillbirth.26–30  

Public health implications 

Despite these caveats regarding the Kinshasa-specific context, our results still provide key 

insights for both Congolese and global health policymakers regarding the impact of COVID-19 

mitigation measures on neonatal health outcomes in the DRC. More specifically, although the first 

wave of the COVID-19 pandemic was approximately three years ago, our findings have significant 

implications for public health responses to potential future outbreaks of other infectious diseases 

in the DRC (such as cholera, measles, malaria, and Ebola virus disease)92,93 that may require the 

introduction of similar mitigation measures. For instance, in place of universal social distancing 



 74 

and/or mask wearing that can be difficult to promote/enforce, our results suggest that Congolese 

health officials could instead target their (limited) resources at pregnant women and actively 

promote the additional benefits of handwashing/mask wearing during pregnancy, thereby 

potentially increasing compliance, reducing overall case numbers, and improving maternal and 

neonatal health outcomes.  Moreover, public health officials in the DRC could use this information 

to help health facilities better manage their staffing and resource allocation during mitigation 

periods so that critical personnel and support could be allocated to systems that were negatively 

impacted by the introduction of such measures instead of maternal and neonatal health services. 

Outside of the DRC, our results also add to the global knowledge base regarding the association 

between COVID-19 mitigation measures and neonatal health outcomes and provide critical 

information regarding the effects of the COVID-19 pandemic within sub-Saharan Africa. 

Strengths and limitations 

 In support of our findings, the major strength of this study was the use of natural 

experimental methods to answer the research questions of interest. As a causal inference tool, the 

ITS procedure is generally considered one of the strongest methods for assessing interventions 

when randomization is not possible.94,95 Furthermore, the very nature of the ITS design controls 

for the effect of secular trends in a time series of outcome estimates and allows researchers to 

visually assess the longitudinal impact of an intervention; additionally, the ITS design measures 

the real-world impact of an intervention, thereby increasing its external validity.94,95 Likewise, the 

inclusion of several sensitivity analyses accounting for potential biases associated with our 

approach (such as time period selection bias) provided additional credence to the results from the 

primary ITS analysis. Another strength was the utilization of MI methods to account for 

incompletely observed data as this approach was more valid than other ad hoc approaches to 
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missing data (such as complete case analysis) that can waste potentially valuable data points.96 

Additionally, the study setting (i.e., the DRC) represented another strength of this analysis due to 

the fact that the burden of adverse birth outcomes is much higher in sub-Saharan Africa than in 

other regions of the world; for example, a systematic assessment of global stillbirths from 2000 to 

2019 concluded that sub-Saharan Africa had the highest stillbirth rates in 2019.39 Thus, this high 

adverse birth outcome rate allowed for the detection of any minor changes during the imposition 

of COVID-19 mitigation measures. 

However, there are several limitations of this investigation that must also be considered. 

For example, the archival medical records that were used to inform the analysis were not designed 

as research tools and thus may have contained data elements that are incorrectly classified, poorly 

specified, and/or missing;97,98 although the MI procedure aided in addressing this limitation, it 

would not have been able to remedy any potential problems associated with misclassified data 

elements. Moreover, the results of this study may not be generalizable outside of Kinshasa; 

therefore, any conclusions made about the association between COVID-19 mitigation measures 

and neonatal health outcomes may not necessarily apply to other large urban areas in the DRC. 

Somewhat relatedly, our analysis only included deliveries that occurred in larger health facilities 

with on-site storage of birth records; as a result, home births and deliveries that occurred in 

smaller/less developed health facilities were excluded, potentially leading to the introduction of 

selection bias (assuming that home births/other institutional deliveries had a differential risk of 

adverse birth outcomes occurrence). Additionally, though the ITS method provides a solid basis 

for causal inference, it can still fall victim to the limitations of standard observational studies, such 

as uncontrolled confounding; indeed, due to the use of archival medical records for this analysis, 
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we were not able to account for certain potential confounders, such as maternal education and 

socioeconomic status. 

Furthermore, through the aggregation of our data at the health-facility-week level, we were 

only able to make observations about how COVID-19 mitigation measures impacted adverse birth 

outcome rates at the ecological level (as opposed to the individual level); nonetheless, it should be 

noted that individual-level analyses were attempted but were ultimately deemed infeasible due to 

excessively high levels of autocorrelation in the individual-level data. Lastly, limitations in our 

ability to accurately assess the seasonality of the adverse birth outcomes within Kinshasa using the 

DHIS2 database may have led us to incorrectly include seasonality-adjusted models, thereby 

adding unnecessary bias to our results. In order to mitigate this issue in future investigations 

examining policy impacts on neonatal health outcomes, alternative data sources for seasonality 

evaluations should be explored. Additionally, considering the relevance of seasonality information 

across a range of health domains, the completion of independent studies focused solely on 

understanding the seasonality of adverse birth outcomes in Kinshasa should be promoted as such 

investigations may yield important insights for public health in and of itself.  

Conclusion 

 Notwithstanding these limitations, this study succeeded in employing ITS methodology to 

assess the impact of COVID-19 mitigation measures on the incidence of select adverse birth 

outcomes (i.e., stillbirth, LBW, and PTB) in Kinshasa, DRC. Our results suggested that the 

stillbirth rate did not increase while the LBW and PTB rates did slightly decrease after the 

imposition of COVID-19 mitigation measures, though issues were identified in our ability to 

properly assess the seasonality of the adverse birth outcomes. Nonetheless, we hope that our 

findings provide practical insights for Congolese health officials and policymakers regarding the 
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real-world effects of COVID-19 mitigation measures during the first wave of the pandemic and 

enable them to be better-prepared if similar policies need to be introduced in response to future 

infectious disease outbreaks.   
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3.6. Tables and Figures 

Table 3.1. Clinical and demographic characteristics of mothers and their newborns, overall and by treatment period 

Characteristic 
Overall Pre-COVID-19 

Period 

COVID-19 
Mitigation 
Measures 

Period 
Unadjusted 
p-value** 

N = 11,757* N = 5457* N = 6300* 

Health Facility               

  Bomoi Health Center 1586 (13.49%) 682 (12.50%) 904 (14.35%) 

<0.001 

  Bondeko Health Center 1228 (10.44%) 508 (9.31%) 720 (11.43%) 
  Bosembo Health Center 533 (4.53%) 248 (4.54%) 285 (4.52%) 
  Esengo General Hospital 1143 (9.72%) 527 (9.66%) 616 (9.78%) 
  Kinshasa General Reference Hospital 1082 (9.20%) 486 (8.91%) 596 (9.46%) 
  Lisanga Health Center 1500 (12.76%) 667 (12.22%) 833 (13.22%) 
  Mokali General Hospital 747 (6.34%) 342 (6.27%) 405 (6.43%) 
  Ngaliema Clinic 1700 (14.46%) 874 (16.02%) 826 (13.11%) 
  Saint Joseph General Hospital 1300 (11.06%) 728 (13.34%) 572 (9.08%) 
  Siloe Bdom Health Center 938 (7.97%) 395 (7.24%) 543 (8.62%) 
Parity               
  Grand Multiparous 727 (6.18%) 366 (6.71%) 361 (5.73%) 

0.079   Multiparous 7348 (62.50%) 3404 (62.38%) 3944 (62.60%) 
  Nulliparous 3682 (31.32%) 1687 (30.91%) 1995 (31.67%) 
Delivery Type               
  Cesarean Section 2126 (18.08%) 998 (18.29%) 1128 (17.90%) 0.6 
  Vaginal Delivery 9631 (81.92%) 4459 (81.71%) 5172 (82.10%) 
Singleton Status               
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Characteristic 
Overall Pre-COVID-19 

Period 

COVID-19 
Mitigation 
Measures 

Period 
Unadjusted 
p-value** 

N = 11,757* N = 5457* N = 6300* 
  Singleton Birth 11,144 (94.79%) 5172 (94.78%) 5972 (94.79%) >0.9 
  Multiple Birth 613 (5.21%) 285 (5.22%) 328 (5.21%) 
Newborn Sex               
  Female 5619 (47.79%) 2666 (48.85%) 2953 (46.87%) 0.033 
  Male 6138 (52.21%) 2791 (51.15%) 3347 (53.13%) 
Delivery Complications               
  Yes 3133 (26.6%) 1737 (31.83%) 1396 (22.16%) <0.001 
  No 8624 (73.4%) 3720 (68.17%) 4904 (77.84%) 

Maternal Age (Years) 28.74 (6.33) 28.77 (6.39) 28.72 (6.28) 0.5 

Stillbirth               
  Yes 429 (3.65%) 210 (3.85%) 219 (3.48%) 0.3 
  No 11,328 (96.45%) 5247 (96.15%) 6081 (96.52%) 
LBW               
  Yes 1555 (13.23%) 743 (13.62%) 812 (12.89%) 0.3 
  No 10,202 (86.77%) 4714 (86.38%) 5488 (87.11%) 
PTB               
  Yes 1137 (9.67%) 561 (10.28%) 576 (9.14%) 0.04 
  No 10,620 (90.33%) 4896 (89.72%) 5724 (90.86%) 
*n (%), mean (standard deviation). **Pearson's Chi-squared test, Welch's Two Sample t-test. LBW = low birth weight, PTB = preterm birth. 
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Table 3.2. Results of the primary ITS analyses, by model type and by adverse birth outcome  

Outcome Parameters 
Crude Model Adjusted Model* Seasonality-Adjusted 

Model** 
IRR 95% CI IRR 95% CI IRR 95% CI 

Stillbirth 

Underlying pre-intervention trend 1.00 (0.98, 1.02) 1.00 (0.98, 1.03) 1.02 (0.94, 1.10) 

Level change following intervention 1.33 (0.87, 2.04) 1.32 (0.86, 2.02) 1.09 (0.60, 1.95) 

Slope change following intervention 0.97 (0.94, 1.01) 0.97 (0.94, 1.02) 0.95 (0.81, 1.11) 

LBW 

Underlying pre-intervention trend 1.02 (1.00, 1.03) 1.01 (1.00, 1.03) 1.03 (0.99, 1.08) 

Level change following intervention 1.24 (0.97, 1.58) 1.23 (0.97, 1.57) 0.86 (0.61, 1.21) 

Slope change following intervention 0.96 (0.94, 0.98) 0.96 (0.94, 0.98) 0.92 (0.84, 1.00) 

PTB 

Underlying pre-intervention trend 1.00 (0.98, 1.01) 1.00 (0.98, 1.01) 0.97 (0.92, 1.03) 

Level change following intervention 1.61 (1.19, 2.18) 1.60 (1.18, 2.16) 0.94 (0.62, 1.42) 

Slope change following intervention 0.97 (0.94, 0.99) 0.96 (0.94, 0.98) 0.94 (0.83, 1.05) 

*Crude model + delivery complications and newborn sex. **Adjusted model + Fourier terms accounting for (potential) seasonality. 
CI = confidence interval, IRR = incidence rate ratio, ITS = interrupted time series, LBW = low birth weight, PTB = preterm birth. 
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Figure 3.1. Covariate balance assessment across treatment periods at the aggregated level 
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Figure 3.2. Time series in weekly intervals for each adverse birth outcome, stratified by treatment period 
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Figure 3.3. Seasonality assessment for each adverse birth outcome 

 

Dotted line represents March 10th (i.e., the date corresponding to the introduction of COVID-19 mitigation measures in 2020). 
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Figure 3.4. Partial autocorrelation functions for the primary statistical analyses 

 

ACF = autocorrelation function, LBW = low birth weight, PTB = preterm birth, seas = seasonality. 



 85 

3.7. Appendix 

Supplemental Table 3.1. Results of the sensitivity analyses, by model type and by adverse birth outcome 

Sensitivity Analysis #1 - Addition of Two-Week Lag After Imposition of COVID-19 Mitigation Measures 
 

Outcome Parameters 
Crude Model Adjusted Model* Seasonality-

Adjusted Model** 
 

IRR 95% CI IRR 95% CI IRR 95% CI  

Stillbirth 

Underlying pre-intervention trend 1.00 (0.98, 1.01) 1.00 (0.98, 1.03) 1.02 (0.94, 1.11)  

Level change following intervention 1.43 (0.89, 2.30) 1.42 (0.89, 2.28) 1.23 (0.62, 2.47)  

Slope change following intervention 0.97 (0.94, 1.00) 0.97 (0.93, 1.00) 0.93 (0.79, 1.10)  

LBW 

Underlying pre-intervention trend 1.02 (1.00, 1.03) 1.01 (1.00, 1.03) 1.04 (0.99, 1.09)  

Level change following intervention 1.31 (1.00, 1.72) 1.31 (1.00, 1.71) 0.89 (0.60, 1.33)  

Slope change following intervention 0.96 (0.94, 0.97) 0.96 (0.94, 0.97) 0.91 (0.83, 1.01)  

PTB 

Underlying pre-intervention trend 1.00 (0.98, 1.03) 1.00 (0.98, 1.02) 0.97 (0.91, 1.03)  

Level change following intervention 1.75 (1.26, 2.45) 1.74 (1.25, 2.44) 0.91 (0.56, 1.49)  

Slope change following intervention 0.96 (0.94, 0.98) 0.96 (0.94, 0.98) 0.90 (0.78, 1.02)  

Sensitivity Analysis #2 - Extension of Pre-COVID-19 Period to July 2019 
 

 

Outcome Parameters 
Crude Model Adjusted Model* Seasonality-

Adjusted Model** 
 

IRR 95% CI IRR 95% CI IRR 95% CI  

Stillbirth 

Underlying pre-intervention trend 1.01 (1.00, 1.03) 1.01 (1.00, 1.03) 1.02 (1.00, 1.03)  

Level change following intervention 1.19 (0.80, 1.76) 1.19 (0.81, 1.76) 0.81 (0.46, 1.40)  

Slope change following intervention 0.96 (0.94, 0.99) 0.96 (0.94, 0.99) 0.98 (0.95, 1.01)  
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LBW 

Underlying pre-intervention trend 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02)  

Level change following intervention 1.31 (1.05, 1.64) 1.31 (1.05, 1.64) 1.45 (1.06, 1.98)  

Slope change following intervention 0.97 (0.95, 0.98) 0.97 (0.95, 0.98) 0.96 (0.95, 0.98)  

PTB 

Underlying pre-intervention trend 0.99 (0.98, 1.00) 0.99 (0.98, 1.00) 1.00 (0.99, 1.01)  

Level change following intervention 1.82 (1.34, 2.45) 1.83 (1.36, 2.47) 1.35 (0.91, 2.00)  

Slope change following intervention 0.97 (0.95, 0.99) 0.97 (0.95, 0.99) 0.98 (0.96, 1.01)  

Sensitivity Analysis #3 - ITS Analysis Stratified by Lockdown Status 
 

 
Lockdown Health Facilities  

Outcome Parameters 
Crude Model Adjusted Model* Seasonality-

Adjusted Model** 
 

IRR 95% CI IRR 95% CI IRR 95% CI  

Stillbirth 

Underlying pre-intervention trend 0.99 (0.95, 1.03) 0.99 (0.95, 1.03) 1.08 (0.94, 1.24)  

Level change following intervention 1.85 (0.78, 4.38) 1.35 (0.57, 3.17) 0.59 (0.20, 1.69)  

Slope change following intervention 0.98 (0.92, 1.04) 0.98 (0.93, 1.04) 0.81 (0.61, 1.08)  

LBW 

Underlying pre-intervention trend 1.00 (0.98, 1.02) 1.00 (0.98, 1.02) 0.99 (0.91, 1.07)  

Level change following intervention 1.89 (1.24, 2.90) 1.95 (1.28, 2.99) 1.37 (0.76, 2.47)  

Slope change following intervention 0.95 (0.92, 0.98) 0.95 (0.92, 0.98) 0.96 (0.82, 1.13)  

PTB 

Underlying pre-intervention trend 0.99 (0.97, 1.01) 0.99 (0.97, 1.01) 1.01 (0.94, 1.09)  

Level change following intervention 1.93 (1.27, 2.91) 2.05 (1.35, 3.10) 1.09 (0.64, 1.86)  

Slope change following intervention 0.96 (0.94, 0.99) 0.96 (0.93, 0.99) 0.91 (0.79, 1.06)  

Non-Lockdown Health Facilities  

Outcome Parameters Crude Model Adjusted Model* Seasonality-
Adjusted Model** 
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IRR 95% CI IRR 95% CI IRR 95% CI  

Stillbirth 

Underlying pre-intervention trend 1.01 (0.99, 1.04) 1.02 (0.99, 1.04) 0.99 (0.91, 1.09)  

Level change following intervention 1.04 (0.64, 1.67) 1.06 (0.66, 1.72) 1.42 (0.72, 2.82)  

Slope change following intervention 0.97 (0.93, 1.00) 0.97 (0.93, 1.00) 1.02 (0.85, 1.22)  

LBW 

Underlying pre-intervention trend 1.02 (1.01, 1.04) 1.02 (1.01, 1.04) 1.06 (1.00, 1.12)  

Level change following intervention 1.03 (0.77, 1.38) 1.02 (0.76, 1.37) 0.71 (0.47, 1.06)  

Slope change following intervention 0.96 (0.94, 0.98) 0.96 (0.94, 0.98) 0.89 (0.80, 0.99)  

PTB 

Underlying pre-intervention trend 1.00 (0.98, 1.02) 1.01 (0.99, 1.03) 0.96 (0.89, 1.04)  

Level change following intervention 1.46 (0.96, 2.20) 1.51 (1.00, 2.29) 0.89 (0.35, 2.25)  

Slope change following intervention 0.96 (0.94, 0.99) 0.96 (0.93, 0.99) 1.04 (0.90, 1.22)  

*Crude model + delivery complications and newborn sex. **Adjusted model + Fourier terms accounting for potential seasonality. 
CI = confidence interval, IRR = incidence rate ratio, ITS = interrupted time series, LBW = low birth weight, PTB = preterm birth. 
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Supplemental Figure 3.1. Hypothesized causal diagram depicting variable relationships  

 
ABO = the adverse birth outcomes of interest (i.e., stillbirth, LBW, and PTB), C = observed confounders, Post = dummy variable 

signifying the time period (i.e., pre-COVID-19 period vs. COVID-19 mitigation period), Treat = the effect of the “treatment” (i.e., the 

imposition of COVID-19 mitigation measures vs. the absence of such measures), U = unobserved confounders, and Week = time 

grouped into weekly intervals. 
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Supplemental Figure 3.2. Missingness patterns, overall and by health-facility type  
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Chapter 4. The Impact of COVID-19 Mitigation Measures on Neonatal Health Outcomes in 

sub-Saharan Africa: A Systematic Review and Meta-Analysis 

4.1. Abstract 

Conflicting results exist regarding the impact of COVID-19 policies on neonatal health 

outcomes; moreover, associated investigations within sub-Saharan Africa have been limited. In 

response, this systematic review and meta-analysis was performed to assess the relationship 

between COVID-19 mitigation measures and stillbirth, low birth weight (LBW), and preterm birth 

(PTB) in sub-Saharan Africa. We searched six databases from January 2020 to December 2022 

using applicable keywords and performed abstract/full article screening to produce a list of final 

studies. These studies were assessed for their risk of bias and described via narrative synthesis. 

Meta-analysis with random effects was performed to generate overall risk ratios (RRs) as well as 

RRs stratified by study design with 95% confidence intervals (CIs). The study protocol was 

registered with PROSPERO (CRD42022335390). Our search identified 515 unique studies, of 

which sixteen were included. Studies were identified across twelve countries; seven were multi-

/single-center examinations, six were multi-national/national/regional investigations, and three 

were survey studies. Additionally, most studies were categorized as being at moderate risk of bias 

(n = 10).  For stillbirth, the overall RR indicated an increase during COVID-19 mitigation measures 

(RR: 1.17; 95% CI: 1.04, 1.32); however, among multi-national/national/regional studies, there 

was no increase (RR: 1.03; 95% CI: 0.97, 1.09). Similarly, the overall LBW RR suggested an 

increase during COVID-19 mitigation measures (RR: 1.18; 95% CI: 0.90, 1.56); however, among 

multi-national/national/regional studies, there was no increase (RR: 0.97; 95% CI: 0.91, 1.04). For 

PTB, the overall RR indicated no increase during COVID-19 mitigation measures (RR: 1.00; 95% 

CI: 0.94, 1.07); no differences were detected when stratified by study design. We hope that our 
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findings provide insights for African health officials regarding the real-world effects of COVID-

19 mitigation measures and spur continued research in this subject so that a more complete picture 

of the sub-Saharan African experience can be formed.   

4.2. Introduction 

 As has already been discussed, there is yet to be a global consensus on the association 

between COVID-19 mitigation measures and adverse birth outcomes as a variety of observational 

investigations have provided conflicting results.1–5 Although some studies have demonstrated that 

pregnant women and their newborns in low- and middle-income countries (LMICs) may be more 

vulnerable to certain adverse health outcomes compared to their counterparts in high-income 

countries (HICs) as a result of the COVID-19 pandemic,1,6,7 our understanding of the situation in 

sub-Saharan Africa remains extremely limited. For example, a recent systematic review and meta-

analysis on the association between COVID-19 mitigation measures and perinatal outcomes during 

the first nine months of the pandemic identified 38 studies that examined stillbirth, low birth weight 

(LBW), preterm birth (PTB), and neonatal intensive care admission from the start of the pandemic 

until May 2021;4 however, only one of these studies (i.e., Caniglia et al.)8 was conducted in a sub-

Saharan African country (i.e., Botswana). Similarly, a living systematic review and meta-analysis 

on the association between the COVID-19 pandemic and pregnancy/neonatal outcomes identified 

over 50 studies that analyzed stillbirth, LBW, PTB, neonatal mortality, and maternal mortality,5 

yet only three of these studies (i.e., Caniglia et al.,8 Kassie et al.,9 and Shakespeare et al.10) were 

conducted in sub-Saharan African countries (i.e., Botswana, Ethiopia, and Zimbabwe, 

respectively).  

This dearth of data for sub-Saharan African countries represents a gap in the literature that 

needs to be filled for a variety of reasons. First, the COVID-19 experience in sub-Saharan Africa 
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has been substantially different compared to other regions of the world. For example, the World 

Health Organization (WHO) African Region has recorded only 9.5 million confirmed cases of 

COVID-19 and 175,315 COVID-19 deaths as of March 6, 2023;11 the United States (US) alone, 

on the other hand, has recorded about 102.4 million confirmed cases of COVID-19 (i.e., nearly 

eleven times as many confirmed cases) and about 1.1 million COVID-19 deaths (i.e., slightly more 

than six times as many deaths) over the same time period.12 Although differences in population 

structures, testing capabilities, laboratory infrastructure, and healthcare workforce development 

may all contribute to the wide gulf in reported case numbers and deaths between the US and the 

WHO African Region,13,14 sub-Saharan Africa still never experienced the deluge of cases and 

deaths predicted by initial models and forecasts.15–17 Additionally, due to the fact that many of the 

countries in sub-Saharan Africa have had recent and/or continuous encounters with other 

infectious disease outbreaks, most of them quickly adopted comprehensive mitigation measures in 

their initial responses to the COVID-19 pandemic.18 Thus, a targeted examination of the impact of 

COVID-19 mitigation measures on adverse birth outcomes in sub-Saharan Africa would provide 

an opportunity to better understand the impact of such rapidly deployed pandemic policies in a 

region of the world that has experienced relatively low numbers of (symptomatic) COVID-19 

cases. 

Furthermore, the populations that have provided the majority of information about the 

association between COVID-19 mitigation measures and adverse birth outcomes differ 

significantly from the general populations found throughout sub-Saharan Africa.19–21 For instance, 

sub-Saharan Africa is an overall younger region when compared to the rest of the world. More 

specifically, the demographic age structures for Europe, the Americas, and Asia have median ages 

ranging from 32 to 42.5 years with 8.9% to 19.1% of the population aged greater than 65 years; 
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conversely, the median age in sub-Saharan Africa is 18 years with only 3.0% of the population 

aged greater than 65 years.19 Somewhat similarly, the prevalence and incidence of other infectious 

diseases (e.g., HIV/AIDS, malaria, and tuberculosis) is higher in sub-Saharan Africa compared to 

other regions of the world; for example, the WHO African Region accounted for almost two-thirds 

of the global total of new HIV infections in 2018.22 More importantly though, the burden of adverse 

birth outcomes is much higher in sub-Saharan Africa than in other regions of the world. For 

instance, a systematic assessment of global stillbirths from 2000 to 2019 concluded that sub-

Saharan Africa had the highest stillbirth rates in 2019.23 Likewise, a 2014 systematic review of 

PTB estimates concluded that sub-Saharan Africa had the second highest PTB rate in the world 

(behind North Africa);24 moreover, a 2015 systematic analysis found that sub-Saharan Africa also 

had the second highest LBW rate in the world (behind Southern Asia).25 Therefore, sub-Saharan 

Africa provides a suitable context to detect small decreases and/or increases in adverse birth 

outcome rates that might not have been possible to detect elsewhere due to the high incidence of 

these outcomes there.   

Lastly, this knowledge gap needs to be addressed to assure global health parity.26 Even 

though the COVID-19 pandemic has had less of a direct impact in sub-Saharan Africa compared 

to North America or Europe in terms of reported case numbers, the unique situation in sub-Saharan 

Africa still warrants further investigation in order to provide critical health information for the 

region and also further the global dialogue in this area of research. Therefore, this study served to 

address this critical research gap by performing a systematic review and meta-analysis on the 

relationship between COVID-19 mitigation measures and selected adverse birth outcomes (i.e., 

stillbirth, LBW, and PTB) among pregnant women and their newborns in sub-Saharan Africa in 

order to provide a centralized source of information on this subject.  
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4.3. Methods 

Population, intervention, comparator, and outcome (PICO)  

 As this systematic review and meta-analysis focused on the context of sub-Saharan Africa, 

the studies were limited to only include investigations among pregnant women and their newborns 

that occurred in sub-Saharan African countries. We used the regional grouping scheme of the 

African Union (AU) to define sub-Saharan Africa;27 therefore, sub-Saharan Africa encompassed 

all the AU member states that are not part of the Northern Africa geographic region in this study. 

More specifically, we defined sub-Saharan Africa as all the member states of the AU except for 

Algeria, Egypt, Libya, Mauritania, Morocco, Sahrawi Republic/Western Sahara, and Tunisia, 

thereby resulting in forty-eight total countries as part of sub-Saharan Africa for this systematic 

review and meta-analysis. Additionally, the intervention of interest was COVID-19 mitigation 

measures. As COVID-19 outbreak responses were highly variable throughout sub-Saharan 

Africa,18 we used the Oxford Coronavirus Government Response Tracker project’s national 

stringency index, which is a composite measure of nine response metrics (i.e., school closures, 

workplace closures, cancellation of public events, restrictions on public gatherings, closures of 

public transport, stay-at-home requirements, public information campaigns, restrictions on internal 

movements, and international travel controls), to quantify the strength of the COVID-19 

mitigations measures across the intervention period;28,29 the stringency index was calculated as the 

mean score (and range) of the nine metrics across the intervention period at the national level and 

ranged from 0 (i.e., no response) to 100 (i.e., strictest response possible).28,29  

Furthermore, the treated group comprised of the pregnant women and their newborns that 

had their index delivery in the intervention period (i.e., during COVID-19 mitigation measures). 

The control group, on the other hand, comprised of the pregnant women and their newborns that 
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had their index delivery in either one of two periods: 1) the months/weeks immediately prior to 

the imposition of COVID-19 mitigation measures or 2) the equivalent months/weeks of the 

COVID-19 mitigation measures period but during previous years (i.e., during a historical control 

period). Moreover, there were three primary outcomes of interest that were defined per standard 

practices: stillbirth, LBW, and PTB. More specifically, stillbirth was defined as the birth of a baby 

following fetal death either before or during labor or birth,23 LBW was defined as a newborn with 

a birth weight less than 2,500 grams,30 and PTB was defined as a birth before 37 completed weeks 

of gestation or fewer than 259 days from the first date of a woman’s last menstrual period.24  

Search strategy and inclusion/exclusion criteria 

 We performed searches in the following six databases from January 1, 2020 through 

December 31, 2022: PubMed/Medical Literature Analysis and Retrieval System Online 

(MEDLINE), Embase, Web of Sciences, African Journals Online (AJOL), African Index Medicus 

(AIM), and the WHO COVID-19 Database. We tailored our combination of subject 

headings/controlled vocabulary/thesauri (e.g., Medical Subject Headings in PubMed/MEDLINE) 

along with regular keyword fields (e.g., title and abstract) for each database in order to establish a 

comprehensive search strategy. The overall search strategy was formulated according to the PICO 

model;31,32 the search string combinations used for each database along with their corresponding 

PICO components are provided in Supplemental Tables 4.1 through 4.6. Zotero33 was used to save 

and organize references, identify duplicates between different databases, and provide an interface 

for screening. Additionally, it should be noted that no language restrictions were applied since a 

wide variety of languages (e.g., English, French, and Portuguese) are spoken throughout sub-

Saharan Africa. 
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Moreover, studies that directly compared pregnant women with and without diagnosed 

COVID-19/severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection, 

investigations that did not explicitly include a comparator period/population, and/or analyses 

conducted in a country outside of sub-Saharan Africa (as previously defined) were excluded from 

the final list of included studies. We also excluded cross-country comparisons, case reports, case 

series, simulation/modelling-based analyses, animal studies, and editorials/commentaries because 

these study types were not able to meaningfully contribute to our analyses and/or interpretations. 

Furthermore, it should be emphasized that only observational studies were included for this 

systematic review and meta-analysis. Lastly, results from Chapter 3: The Impact of COVID-19 

Mitigation Measures on Neonatal Health Outcomes in Kinshasa, Democratic Republic of the 

Congo: An Interrupted Time Series Analysis34 were also incorporated into this systematic review 

and meta-analysis.  

Data extraction and bias assessments 

 After searching the databases and importing the relevant results, we first performed abstract 

screening (in collaboration with an external researcher, Jane Bandak to ensure objectivity in the 

data extraction process) to select for studies reporting on maternal and neonatal health outcomes 

before and during the pandemic; after this initial screening round, full text screening was 

performed to select for studies that explicitly investigated stillbirth, LBW, and/or PTB. 

Discrepancies were resolved through consensus discussion between the two reviewers. After a list 

of studies was generated from this review process, the reference list of each included study was 

also examined to identify any additional studies. Data elements were extracted from the selected 

studies using a standardized form;35 the following items were extracted via the standardized form: 

first author, journal name, country, World Bank economic classification,36 AU regional group, 
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data type, specific city/region, urbanicity, control study period, treated study period, type of control 

period, study design, average maternal age, singleton pregnancies, confounder control, seasonality 

control, Oxford COVID-19 Government Response Tracker stringency score (mean and range), 

stillbirth details (e.g., definition, effect estimate, and sample size), LBW details (e.g., definition, 

effect estimate, and sample size), and PTB details (e.g., definition, effect estimate, and sample 

size) (Supplemental Figure 4.1). Lastly, in the situation that a potential study was determined to 

lack any necessary details, the corresponding study author was contacted to obtain the required 

information. 

 All included studies were also assessed for their quality/risk of bias. Since this systematic 

review and meta-analysis only included observational studies, the Risk Of Bias In Non-

randomized Studies - of Interventions (ROBINS-I) tool was used to assess study quality; thus, risk 

of bias was first assessed across the seven domains of the ROBINS-I tool (i.e., confounding, 

selection of participants into the study, classification of interventions, deviations from intended 

interventions, missing data, measurement of outcomes, and selection of the reported result), and 

then studies were ultimately categorized as being at either low, moderate, serious, or critical risk 

of bias per the recommendations of the ROBINS-I authors.37 Each study was assessed by the two 

reviewers and discrepancies were resolved through consensus discussion. Additionally, funnel 

plots were used to visually examine for the presence of publication bias (i.e., “the tendency for 

authors to submit, and of journals to accept, manuscripts for publication based on the direction or 

strength of the study findings” that therefore leads to an overabundance of statistically significant 

results relative to null findings)38,39 when ten or more studies were available for a given outcome. 

Formal statistical tests (i.e., Begg’s test and Egger’s test)40 were also used to statistically test for 

publication bias when ten or more studies were available for a given outcome.  
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Data synthesis and analyses 

A narrative synthesis of the details from the included studies was first performed; in 

support of this narrative synthesis, a table of key extracted data elements from each study was 

produced. Furthermore, results from each study were graphically displayed together along with 

their corresponding 95% confidence intervals (CIs) in the form of a forest plot. Additionally, 

heterogeneity in the study results was expected due to sampling error and natural variation in 

effect; however, other sources of heterogeneity (e.g., variation due to economic status) were also 

expected, and thus statistical tests for heterogeneity were performed.35 More specifically, the 

Higgins I2 test statistic was employed to determine the proportion of total variation across the 

studies that was due to between-study heterogeneity; an I2 value less than 25% was considered 

indicative of “low” heterogeneity, an I2 value between 25% and 75% was considered indicative of 

“moderate” heterogeneity, and an I2 value greater than 75% was considered indicative of “high” 

heterogeneity.41  

For the quantitative synthesis, we employed separate meta-analyses with a random-effects 

approach in order to generate overall risk ratios (RRs) with corresponding 95% CIs examining the 

impact of COVID-19 mitigation measures on each of stillbirth, LBW, and PTB according to the 

DerSimonian and Laird method.42 We thus assumed that the true effect size varied from study to 

study, thereby producing more conservative estimates that have wider CIs but that are also not as 

influenced by larger studies (as a result of the random-effects approach).43 However, as suggested 

by Egger and Smith,35 the robustness of our findings was also examined through a sensitivity 

analysis that employed a fixed-effects approach as opposed to a random-effects approach. 

Additionally, only studies that evaluated stillbirth, LBW, or PTB at the individual level were used 

to generate the overall RRs (in order to ensure that only similar types of studies were combined); 
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thus, any studies that employed interrupted time series (ITS) analyses at the aggregated level were 

not included unless it was possible to derive individual-level results (based on either the data 

presented in the article or data provided by the corresponding author upon request). Moreover, 

when studies presented adjusted results, these estimates were used in place of crude results, thereby 

requiring utilization of the inverse variance method to generate our overall RRs. 

Furthermore, the primary subgroup analysis focused on how the impact of COVID-19 

mitigation measures varied depending on the study design, as other analyses in this area have 

demonstrated that results can potentially differ depending on whether national/regional or multi-

/single-center data are used;5,7 thus, subgroup meta-analyses with a random-effects approach, in 

which the studies were stratified by study design (i.e., multi-national/national/regional, multi-

/single-center, or survey study), were performed to generate stratified RRs with corresponding 

95% CIs. Other pre-planned subgroup meta-analyses were performed based on the following 

(stratification) variables of interest: World Bank economic classification (i.e., low- or middle-

income), AU regional grouping (i.e., Central, Eastern, Western, or Southern Africa), type of 

control period (i.e., immediately prior to the imposition of mitigation measures or during a 

historical control period), and national mitigation measures stringency (as determined by the mean 

Oxford COVID-19 Government Response Tracker stringency score). Lastly, all statistical analyses 

were conducted using the meta package44 within R version 4.0.4 (R Foundation for Statistical 

Computing, Vienna, Austria). 

Ethical approval and other considerations 

 This systematic review and meta-analysis did not require institutional review board 

approval as the data that informed the research were publicly available and collected from existing 

online databases; additionally, this research did not involve any human subjects so informed 
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consent was not required. Furthermore, the associated protocol was registered on the International 

Prospective Register of Systematic Reviews (PROSPERO; CRD42022335390) to assure 

accountability and counter publication bias.45 Lastly, Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines for reporting systematic reviews and meta-

analyses of studies that evaluate healthcare interventions were followed here to ensure clarity and 

transparency in our results.46 

4.4. Results 

General characteristics  

We ultimately found a total of sixteen applicable studies for this systematic review and 

meta-analysis. Of the 515 unique records initially identified, 420 were excluded after abstract 

review; most records were excluded because they evaluated the direct effect of SARS-CoV-2 

infection/COVID-19 diagnosis on birth outcomes (n = 114) or they did not explicitly include a 

comparator period (n = 88). A further 79 articles were excluded after full-text screen; the primary 

reason that these articles were excluded was that they evaluated a neonatal health outcome other 

than stillbirth, LBW, or PTB (n = 34). Additionally, one article was excluded during the data 

extraction process due to the fact that it briefly discussed the impact of the COVID-19 pandemic 

on stillbirth but did not provide any direct data on the association; the corresponding author was 

contacted, but we were still not able to acquire the necessary information, so the article was 

ultimately excluded. Furthermore, the individual-level results (adjusted for the same confounders 

as was the case for the associated ITS analysis) from Chapter 3 were incorporated, thereby 

resulting in sixteen final studies for inclusion (Figure 4.1). 

Populations that informed these sixteen studies came from the following countries: 

Botswana (n = 1), Democratic Republic of the Congo (DRC, n = 2), Ethiopia (n = 3), Ghana (n = 
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1), Kenya (n = 2), Malawi (n = 1), Mozambique (n = 1), Nigeria (n = 2), South Africa (n = 1), 

Uganda (n = 1), Zambia (n = 1), and Zimbabwe (n = 3); thus, studies were identified across twelve 

total sub-Saharan African countries (Figure 4.2). Five of these countries were classified as low-

income (41.67%), an additional five were classified as lower middle-income (41.67%), and the 

remaining two countries were classified as upper middle-income (16.67%); therefore, slightly 

more than half of the identified countries were middle-income countries (58.33%). At the study 

level, nearly half were multi-/single-center investigations (n = 7, 43.75%), while the remainder 

were either multi-national/national/regional studies (n = 6, 37.50%) or survey studies (n = 3, 

18.75%). Mean Oxford COVID-19 Government Response Tracker stringency score ranged from 

53.8 to 84.1 across the included studies; investigations with lower Oxford COVID-19 Government 

Response Tracker stringency scores often analyzed extended COVID-19 mitigation measures 

periods that included both lockdown and non-lockdown periods, while studies with higher Oxford 

COVID-19 Government Response Tracker stringency scores were ones that primarily focused 

only on periods when lockdown measures were in place. The majority of the studies (n = 12) 

evaluated stillbirth, while a much smaller number analyzed either LBW (n = 5) or PTB (n = 6); 

moreover, only two studies examined all three outcomes simultaneously (Table 4.1).  

Additionally, most studies were categorized as being at moderate risk of bis (n = 10); only 

two studies were considered to be at low risk of bias, while the remaining four studies were 

determined to be at serious (n = 3) or critical (n = 1) risk of bias. Concerns regarding bias due to 

confounding as well as bias in the measurement of outcomes were the primary reasons studies 

were considered to be at moderate to critical risk of bias; a large number of studies also did not 

provide information regarding potential bias due to missing data, so we were not able to provide 

consistent judgement regarding this domain (Supplemental Figure 4.2). Lastly, it should be noted 
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that individual-level data were not able to be extracted from Lydon et al.47 as they performed an 

ITS at the aggregated level in their primary analyses; thus, this study was not included in any of 

the quantitative syntheses. Furthermore, Chimhuya et al.48 conducted two separate analyses (i.e., 

one analysis within Malawi and another analysis within Zimbabwe), so the corresponding results 

were kept separate throughout the quantitative syntheses. 

Stillbirth 

 A total of eleven studies comprising of 506,286 deliveries occurring during COVID-19 

mitigation measures and 525,629 deliveries occurring during the pre-pandemic period (i.e., 

1,031,915 total deliveries) were included for the random-effects meta-analysis of stillbirth. The 

overall RR indicated that there was a statistically significant increase in the risk of stillbirth during 

the COVID-19 mitigation measures period (RR: 1.17; 95% CI: 1.04, 1.32); however, the I2 was 

91.5%, thereby indicating a high amount of heterogeneity in the results. When stratified by study 

design, we found there was still a statistically significant increase in the risk of stillbirth during the 

imposition of COVID-19 mitigation measures (RR: 1.37; 95% CI: 1.15, 1.63) as well as high 

heterogeneity (I2 = 85.8%) among the studies that employed a multi-/single-center design; 

however, among the studies that employed a multi-national/national/regional study design, we 

found that there was no increase in the risk of stillbirth during the imposition of COVID-19 

mitigation measures (RR: 1.03; 95% CI: 0.97, 1.09) and only moderate heterogeneity (I2 = 34.1%). 

For studies that utilized a survey design, the results suggested a potential increase in the risk of 

stillbirth (RR: 1.52; 95% CI: 0.80, 2.88; I2 = 47.3%), but only two studies were categorized as 

surveys (so therefore these results should be interpreted with caution) (Figure 4.3). Visual 

inspection of the stillbirth funnel plot suggested a low to moderate risk of publication bias; 

however, the lower portion of the funnel plot was virtually empty, thereby indicating that some 
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smaller studies were potentially missing (Supplemental Figure 4.3). Nonetheless, the 

corresponding Egger's (p = 0.2436) and Begg’s (p = 0.6971) tests also revealed that there was no 

evidence of publication bias for stillbirth. 

LBW 

 For the random-effects meta-analysis of LBW, a total of five studies (that contributed six 

different study populations) comprising of 40,488 deliveries occurring during COVID-19 

mitigation measures and 38,778 deliveries occurring during the pre-pandemic period (i.e., 79,276 

total deliveries) were included. The overall RR suggested that there was a potential increase in the 

risk of LBW during the COVID-19 mitigation measures period (RR: 1.18; 95% CI: 0.90, 1.56); 

however, the I2 was 98.4%, thereby indicating a high amount of heterogeneity in the results. When 

stratified by study design, we found that the results still suggested that there was still an increase 

in the risk of LBW during the imposition of COVID-19 mitigation measures (RR: 1.30; 95% CI: 

0.90, 1.90) as well as high heterogeneity (I2 = 98.8%) among the studies that employed a multi-

/single-center design. However, among the studies that employed a multi-

national/national/regional study design, we found that there was no increase in the risk of LBW 

during the imposition of COVID-19 mitigation measures (RR: 0.97; 95% CI: 0.91, 1.04) and low 

heterogeneity (I2 = 0.0%); still, it should be highlighted that only two studies were categorized as 

multi-national/national/regional, so therefore these results should be interpreted with caution 

(Figure 4.4). Furthermore, publication bias was not assessed for LBW due to the fact that less than 

ten studies were included for this outcome. 

PTB 

 Regarding the random-effects meta-analysis of PTB, a total of six studies (that contributed 

seven different study populations) comprising of 33,154 deliveries occurring during COVID-19 
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mitigation measures and 49,834 deliveries occurring during the pre-pandemic period (i.e., 82,988 

total deliveries) were included. The overall RR indicated that there was no increase in the risk of 

PTB during the COVID-19 mitigation measures period (RR: 1.00; 95% CI: 0.94, 1.07); 

additionally, the I2 was 62.4%, thereby indicating a moderate amount of heterogeneity in the 

results. When stratified by study design, results were mostly consistent. For example, no increase 

in the risk of PTB during the imposition of COVID-19 mitigation measures was found among 

either multi-national/national/regional studies (RR: 0.97; 95% CI: 0.90, 1.06) or investigations that 

utilized a multi-/single-center design (RR: 1.03; 95% CI: 0.94, 1.14) (Figure 4.5). Furthermore, 

publication bias was not assessed for PTB due to the fact that less than ten studies were included 

for this outcome. 

Additional analyses 

 When modifying the meta-analysis to use a fixed-effects as opposed to a random-effects 

approach, the overall RRs for each outcome were largely unchanged. For instance, the fixed-

effects estimate for stillbirth (RR: 1.11; 95% CI: 1.08, 1.14) and PTB (RR: 1.00; 95% CI: 0.96, 

1.03) still indicated a statistically significant increase and the lack of any change during the 

COVID-19 mitigation measures period, respectively. However, for LBW, the fixed-effects 

estimate represented a statistically significant result (RR: 1.20; 95% CI: 1.16, 1.24), a finding that 

was in contrast with the random-effects estimate (RR: 1.18; 95% CI: 0.90, 1.56) (data not shown). 

Regarding the other pre-planned subgroup meta-analyses (i.e., by World Bank economic 

classification, AU regional grouping, type of control period, and national mitigation measures 

stringency), additional sources of heterogeneity were ultimately not identified across the three 

outcomes. For example, when stratified by World Bank economic classification, the risk of 

stillbirth during the COVID-19 mitigation measures was similar between low-income (RR: 1.21; 
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95% CI: 0.99, 1.48) and middle-income countries (RR: 1.15; 95% CI: 0.95, 1.40); similarly, when 

stratified by type of control period, the risk of PTB during COVID-19 mitigation measures was 

similar between studies that used a historical control period (RR: 1.02; 95% CI: 0.95, 1.10) and 

studies that used a control period immediately before the imposition of pandemic policies (RR: 

0.97; 95% CI: 0.84, 1.11) (data not shown). 

4.5. Discussion 

Summary 

 This systematic review and meta-analysis evaluated the impact of COVID-19 mitigation 

measures on three key adverse birth outcomes (i.e., stillbirth, LBW, and PTB) in sub-Saharan 

Africa; our results generally suggested that the risk of stillbirth and LBW potentially increased 

during the imposition of COVID-19 mitigation measures while the risk of PTB did not change 

during such periods. However, there were significant differences for stillbirth and LBW between 

studies that utilized multi-national/national/regional data and investigations that employed multi-

/single-center designs as multi-national/national/regional studies indicated there was no change in 

the risk of either outcome during COVID-19 mitigation measures. Despite issues associated with 

high levels of heterogeneity for certain outcomes, our results still provide key insights into how 

the COVID-19 pandemic affected neonatal health in sub-Saharan Africa; additionally, this 

investigation helped to highlight the need for further research in this topic area as we were only 

able to identify studies in a relatively small number of sub-Saharan African countries.  

Literature comparisons 

 As previously mentioned, there has yet to be a global consensus on the association between 

COVID-19 policies and perinatal health outcomes due to inconsistent results from a variety of 

studies, thereby making it challenging to draw broad conclusions or generalize findings across 
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populations. Indeed, other meta-analyses and large-scale studies in this area have also produced 

somewhat conflicting results.1–7 For example, meta-analyses by Chmielewska et al.1 and Vaccaro 

et al.2 reported increases in stillbirth during the pandemic period (a finding in line with our overall 

results), while meta-analyses by Yang et al.5 and Hawco et al.4 reported no change in the stillbirth 

rate during the pandemic period. Moreover, a large-scale ITS and meta-analysis using data from 

approximately 52 million births across 26 countries reported slightly conflicting results for 

stillbirth among HICs but also reported an increase in the risk of stillbirth in Brazil.7 Somewhat 

similarly, Chmielewska et al.1 and Hawco et al.4 reported no change in LBW during the pandemic 

period, while Vaccaro et al.2 and Yang et al.5 reported a decrease and an increase (as was suggested 

by our overall results) in LBW during the pandemic period, respectively. Likewise, Chmielewska 

et al.,1 Hawco et al.,4 and Yang et al.5 identified no change in PTB during the pandemic period 

(thereby agreeing with our overall results), while Vaccaro et al.,2 Yao et al.,3 and Calvert et al.7 

documented decreases in PTB during the pandemic period.  

Nonetheless, direct comparisons to other meta-analyses on this topic area are challenging 

due to the fact that these investigations mostly included studies that were conducted in HICs; in 

fact, a few of these analyses even highlighted the lack of data from LMICs (including ones in sub-

Saharan Africa) as limitations to their generalizability.2,5,7 Another complication relates to the fact 

that other meta-analyses have investigated the association between the COVID-19 pandemic and 

neonatal outcomes from a variety of perspectives; for instance, Hawco et al.4 took a targeted 

approach and investigated the impact of “mitigation measures on perinatal outcomes during the 

first nine months of the COVID-19 pandemic,” while Yang et al.5 and Yao et al.3 investigated the 

impact of the COVID-19 pandemic more generally (i.e., they did not necessarily focus on specific 

mitigation measures, like lockdowns). Additionally, our systematic review and meta-analysis 
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identified a relatively lower number of studies for inclusion; for example, Yao et al.3 included 63 

studies after their study identification and screening process, thereby obtaining a final number 

much higher than the sixteen studies selected here. Therefore, we ultimately recommend caution 

when comparing our findings to other meta-analyses in this topic area.  

Study design differences and other considerations 

 Though our overall RRs suggested increases in the risk of stillbirth and LBW during the 

COVID-19 mitigation measures period compared to the pre-pandemic period, there were high 

levels of heterogeneity for these outcomes as indicated by the Higgins I2. Since there is a risk that 

meta-analyses may produce spurious results when heterogeneity is high, it is generally 

recommended that a “thorough consideration of possible sources of heterogeneity between 

observational studies should be given more weight than an overall measure of effect as such an 

approach can provide more important insights;”49 it should thus be emphasized here how the 

stratified RRs differed by study design. More specifically, multi-national/national/regional studies 

indicated that there was no change in the risk of stillbirth or LBW during COVID-19 mitigation 

measures (and that these results did not suffer from increased heterogeneity), while multi-/single-

center investigations indicated that there was an increase in the risk of stillbirth or LBW during 

COVID-19 mitigation measures. As suggested by Yang et al.5 though, differences in findings 

between multi-/single-center studies and multi-national/national/regional investigations could 

reflect changes in referral patterns due to reduced access as a result of the pandemic; other 

explanations could relate to (high-risk) pregnant women potentially opting to give birth in areas 

with a lower COVID-19 prevalence or in hospitals that were not treating COVID-19 patients.50 

Similarly, Calvert et al.7 discuss how such differences may relate to facility-specific challenges in 
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the reporting of key variables and/or facility-specific shifts in pregnancy care, thereby leading 

them to urge “caution in the interpretation of results” from multi-/single-center studies.7 

 As was the case when comparing our results to other meta-analyses, another aspect to 

consider here related to the fact that the studies included in our systematic review and meta-

analysis investigated the association between the COVID-19 pandemic and neonatal outcomes 

from differing perspectives. For example, Ezenwa et al.51 focused exclusively on the lockdown 

period, which lasted only three months, while Naqvi et al.52 examined a more general COVID-19 

period that lasted twelve months and thus included lockdown and non-lockdown periods. Though 

we used the Oxford Coronavirus Government Response Tracker to help account for these 

differences in the strength of the mitigation measures, it may be the case that these differing 

approaches hindered our ability to validly combine our included studies via quantitative synthesis. 

Furthermore, only five studies (that contributed six different study populations) and six studies 

(that contributed seven different study populations) were included for LBW and PTB, respectively; 

thus, we urge caution in the interpretation of these results, especially for LBW as only two such 

studies were categorized as multi-national/national/regional. Lastly, only three studies in this 

systematic review and meta-analysis were categorized as surveys, so it was not possible to make 

definitive conclusions on how such studies differed from multi-national/national/regional 

investigations and multi-/single-center studies; in general though, the survey studies had issues 

concerning bias in the measurement of outcomes (due to the potential for recall bias) and thus were 

considered to be at a higher risk of bias than the other study design types. 

Public health and research implications  

Despite these caveats regarding the interpretation of our results, this systematic review and 

meta-analysis still served to provide more context on how COVID-19 pandemic policies affected 
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neonatal health outcomes in sub-Saharan Africa. As most of the available literature in this area has 

come from HICs and countries outside of sub-Saharan Africa, this targeted investigation in sub-

Saharan Africa has thus produced a centralized source of information on this subject for both 

African and global health policymakers. However, our results have also highlighted some key 

issues regarding the state of research on this subject within sub-Saharan Africa. First, studies were 

only identified across twelve total countries despite the fact that forty-eight countries were 

ultimately eligible for inclusion per our definition of sub-Saharan Africa; additionally, most of 

these included studies occurred in countries from Eastern and Southern Africa. This discrepancy 

thus emphasizes the need for more research from sub-Saharan African countries in order to more 

fully understand the impact of the COVID-19 pandemic on neonatal health outcomes in this region. 

Somewhat relatedly, among the sixteen final studies included in this systematic review and meta-

analysis, only six of them were multi-national/national/regional investigations, thereby suggesting 

an overall lack of such studies in sub-Saharan Africa. Calvert et al.7 also found a “paucity of 

population-based data in LMICs” and listed this dearth of associated information as a key 

challenge in determining the impact of COVID-19 mitigation measures in certain countries. We 

therefore recommend that African researchers take advantage of available national health 

information management systems (such as the District Health Information System 2, for 

example)53,54 as well as other data sources (e.g., medical records from representative health 

facilities) in order to provide more national/regional investigations into this subject area. By 

addressing this overall lack of data as well as the specific lack of national/regional studies within 

sub-Saharan Africa, future investigations can help to further elucidate the impact of pandemic 

policies on neonatal health outcomes in sub-Saharan Africa and thus inform public health 
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responses to future outbreaks of other infectious diseases that may require the introduction of 

similar mitigation measures.  

Strengths and limitations 

 In support of our findings, the major strength of this study was the use of the systematic 

review and meta-analysis framework. More specifically, the use of such methodology provided a 

more objective approach than the traditional narrative review format due to the use of both a 

systematic approach and general transparency in the research methods. Moreover, the inference 

with regard to study selection was based on standardized criteria and thus not biased by any pre-

conceived notions.55 Additionally, the use of meta-analytical methods increased statistical power 

by combining individual studies, (potentially) improved generalizability via the inclusion of 

diverse populations, and allowed for the exploration of key subgroups of interest.55,56 Furthermore, 

the inclusion of AJOL, AIM, and the WHO COVID-19 Database enabled the capture of additional 

studies specific to the sub-Saharan African context that would not have been identified if only 

more “traditional” databases (i.e., PubMed/MEDLINE, Embase, and Web of Sciences) were used. 

Additionally, the study setting (i.e., sub-Saharan Africa) represented another strength of this 

analysis due to the fact that the burden of adverse birth outcomes is much higher in sub-Saharan 

Africa than in other regions of the world;23–25 thus, this high adverse birth outcome rate allowed 

for the detection of potentially minor changes during the imposition of COVID-19 mitigation 

measures. 

Nevertheless, there were several limitations of this investigation that must also be 

considered. For example, methodological issues (e.g., selection bias and information bias) that 

plagued the included studies may have also impacted and therefore compromised the overall 

conclusions of this systematic review and meta-analysis (i.e., as a result of the “garbage in, garbage 
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out” phenomenon).57 Although we utilized the ROBINS-I tool to assess the quality of the included 

studies, we ultimately chose not to remove the four studies considered to be at serious/critical risk 

of bias since there were so few studies (i.e., only eleven for stillbirth, five for LBW, and six for 

PTB) included in our final list of records. In a similar vein, we categorized the study from Chapter 

3 to be at moderate risk of bias; however, it should be acknowledged that such an assessment might 

not have been completely objective due to the fact that we authored Chapter 3. Moreover, we had 

no way of measuring the enforcement of/adherence to COVID-19 mitigation measures in the 

included countries; as a result, our conclusions must be caveated by the fact that these policies may 

have been imperfectly enforced by the government and/or received by the general population. 

Somewhat relatedly, although the use of the Oxford COVID-19 Government Response Tracker 

stringency score enabled us to apply a standardized metric of COVID-19 mitigation measures 

strength across the included studies, it should be noted that the Oxford COVID-19 Government 

Response Tracker stringency score is a national metric; therefore, this approach likely resulted in 

information bias for studies that did not occur at the national level (as it possible that local 

mitigation measures could have been stricter/looser than the national policies). 

Additionally, we were not able to assess publication bias for LBW or PTB due to the low 

number of corresponding studies; thus, we cannot rule out its presence. Similarly, though we 

visually and statistically assessed for publication bias associated with stillbirth, we cannot 

completely rule out the possibility of publication bias for this outcome as strong assumptions 

inform the basis of a symmetrical plot/the associated statistical tests.39 Related to publication bias, 

time lag bias – “the rapid or delayed publication of research findings, depending on the nature and 

direction of the results” – and outcome reporting bias – “the selective reporting of some outcomes 

but not others, depending on the nature and direction of the results” – may have also impacted the 
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validity of our conclusions.57 Another limitation related to decisions regarding the data extraction 

process. More specifically, certain studies employed ITS methodology (e.g., Burt et al.58 and 

Chimhuya et al.48) or a difference-in-differences (DID) approach (i.e., Caniglia et al.8 and Okeke 

et al.59) in their primary analysis; however, in order to be eligible for quantitative synthesis, we 

had to extract their initial data and then generate estimates that were cruder than their original 

ITS/DID estimates, thereby potentially introducing some confounding. Nonetheless, it should be 

highlighted that the crude estimates that we calculated were generally in line with the original 

measures of association, so the amount of added bias was likely minimal. Relatedly, though we 

categorized Okeke et al.59 as a survey study, it was in fact a large-scale survey among a national 

sample of women so could have been categorized as multi-national/national/regional study as well, 

thereby leading to some potential misclassification bias; nonetheless, when the stillbirth meta-

analysis was rerun with Okeke et al.59 categorized as a multi-national/national/regional study, the 

corresponding stratified RR did not substantively change (i.e., from 1.03 [95% CI: 0.97, 1.09] to 

1.06 [0.98; 1.15]). 

Furthermore, sub-Saharan Africa is not a monolith but rather a large, diverse region of the 

world with a wide variety of different populations, cultures, practices, and healthcare systems; 

therefore, it should be acknowledged that the conclusions drawn here may not necessarily apply 

for the entire region. Moreover, meta-analyses ultimately represent analyses at the ecological 

level;60,61 thus, we were only able to make observations about how COVID-19 mitigation measures 

impacted adverse birth outcome rates at the ecological level (as opposed to the individual level). 

Lastly, though we attempted to create a broad search strategy through the use of AJOL, AIM, and 

the WHO COVID-19 Database, our strategy was potentially limited by the fact that we did not 

translate our search terms into other languages (e.g., French and Portuguese) or include non-
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English databases; as a result, we potentially missed articles that were only published in languages 

other than English (with no corresponding English abstract) and/or deposited in non-English 

databases. This limitation may help to explain why so few studies were ultimately identified from 

Western and Central Africa (i.e., regions with several Francophone countries). We therefore 

recommend that future meta-analyses that target the sub-Saharan Africa region consider expanding 

the scope of their search and database strategy to ensure key populations are not accidentally 

excluded; indeed, future researchers in this area should strive to form international collaborations 

to assure that searches are properly tailored according to the local/linguistic context. 

Conclusion  

 Notwithstanding these limitations, this systematic review and meta-analysis succeeded in 

assessing the impact of COVID-19 mitigation measures on the risk of select adverse birth 

outcomes (i.e., stillbirth, LBW, and PTB) in sub-Saharan Africa. Despite issues related to high 

levels of heterogeneity at the overall level, our results suggested that the risk of all three outcomes 

did not change after the imposition of COVID-19 mitigation measures when focusing on multi-

national/national/regional investigations. Nonetheless, we hope that our findings provide key 

insights for African health officials and policymakers regarding the real-world effects of COVID-

19 mitigation measures and spur continued research in this subject area so that a more complete 

picture of the impact of COVID-19 mitigation measures in sub-Saharan Africa can be formed.  
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4.6. Tables and Figures 

Table 4.1. Summary of the relevant literature on the association between selected adverse birth outcomes (i.e., stillbirth, LBW, 

and PTB) and COVID-19 mitigation measures in sub-Saharan Africa 

Author Location 
World Bank 
Economic 

Classification 

AU 
Regional 

Group 

Study 
Design 

Type of 
Control 
Period 

Mean (Range) 
National 

Stringency 
Score 

Outcome(s) 

Stillbirth LBW PTB 

Abdul-
Mumin62 Ghana Lower middle-

income 
Western 
Africa 

Single-
center 

Historical 
control 56.5 (2.8, 84.3)  ✓ § 

Arena34 DRC Low-income Central 
Africa Regional 

Immediately 
prior to 

exposure 
69.3 (11.1, 80.6) ✓ ✓ ✓ 

Bikwa63 Zimbabwe Lower middle-
income 

Southern 
Africa 

Multi-
center 

Historical 
control 72.4 (8.3, 88.0) ✓   

Burt58 Uganda Low-income Eastern 
Africa 

Single-
center 

Immediately 
prior to 

exposure 
77.3 (52.8, 93.5) ✓ ✓ ¶ 

Caniglia8 Botswana Upper middle-
income 

Southern 
Africa National Historical 

control 70.1 (57.4, 86.1) ✓  ✓ 

Carter64 Ethiopia Low-income Eastern 
Africa Survey 

Immediately 
prior to 

exposure 
80.6 (80.6, 80.6) ✓   

Chimhuya*48 

Malawi Low-income Southern 
Africa 

Single-
center 

Immediately 
prior to 

exposure 
59.9 (52.8, 64.8)  ✓ ✓ 

Zimbabwe Lower middle-
income 

Southern 
Africa 

Single-
center 

Immediately 
prior to 

exposure 
79.4 (27.8, 88.0)  ✓ ✓ 



 124 

Author Location 
World Bank 
Economic 

Classification 

AU 
Regional 

Group 

Study 
Design 

Type of 
Control 
Period 

Mean (Range) 
National 

Stringency 
Score 

Outcome(s) 

Stillbirth LBW PTB 

Desta65 Ethiopia Low-income Eastern 
Africa Regional Historical 

control 79.5 (66.7, 80.6) ✓   

Ezenwa51 Nigeria Lower middle-
income 

Western 
Africa 

Single-
center 

Historical 
control 84.1 (82.9, 85.7)   ✓ 

Farley66 South Africa Upper middle-
income 

Southern 
Africa Survey 

Immediately 
prior to 

exposure 
77.3 (50.9, 88.0)   ✓ 

Kassie9 Ethiopia Low-income Eastern 
Africa 

Multi-
center 

Historical 
control 65.8 (2.8, 80.6) ✓   

Lydon47 Mozambique Low-income Southern 
Africa Regional 

Immediately 
prior to 

exposure 
60.9 (50.0, 80.6) ✓   

Naqvi†52 
DRC, 

Kenya, & 
Zambia 

Low-income, 
Lower middle-

income, & 
Low-income 

Central, 
Eastern, & 
Southern 

Africa 

Multi-
national 

Historical 
control 53.8 (2.8, 88.9) ✓ ✓ ✓ 

Okeke59 Nigeria Lower middle-
income 

Western 
Africa Survey 

Immediately 
prior to 

exposure 
70.6 (50.9, 85.7) ✓  ‡ 

Shakespeare10 Zimbabwe Lower middle-
income 

Southern 
Africa 

Single-
center 

Immediately 
prior to 

exposure 
83.7 (73.2, 88.0) ✓   

Shikuku67 Kenya Lower middle-
income 

Eastern 
Africa National Historical 

control 77.5 (13.9, 88.9) ✓   

AU = African Union, DRC = Democratic Republic of the Congo, LBW = low birth weight, PTB = preterm birth.  
*This study reported their analyses by country so have reported them separately here. †This study did not separate their results by country but instead 
presented them as an aggregated "Africa" category. As a result, World Bank Economic Classification and AU Regional Group information are provided 
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for all three countries; however, for Mean (Range) National Stringency Score, the average and range across the three countries is presented. §PTB was 
evaluated in this study but was combined with other outcomes into the variable "prematurity and complications;" thus, the corresponding results for 
PTB have not been included due to concerns over potential misclassification. ¶PTB was evaluated in this study, but due to the closure of the neonatal 
unit for refurbishment during the control period, it was not able to be properly recorded during several control period months; thus, the corresponding 
results for PTB have not been included. ‡This study performed a sub-analysis of "earlier-than-expected births" to serve as a proxy for PTB; however, 
after reaching out to the study author for more information, they stated that this measure would not be suitable for this meta-analysis, so the 
corresponding results have not been included. 
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Figure 4.1. PRISMA flow diagram for systematic reviews  

 

Based on template recommended by Page et al.68 
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Figure 4.2. Geographic summary of the included studies 

 

Countries in blue refer to countries in which an identified study was performed, while n refers to the number of studies that occurred 

within a given country. Countries in gray were not eligible for inclusion (as they represent countries from the Northern Africa region). 

 



 128 

Figure 4.3. Random-effects meta-analysis assessing the impact of COVID-19 mitigation measures on the risk of stillbirth in sub-

Saharan Africa, overall and stratified by study design 

 

DRC = Democratic Republic of the Congo, RR = risk ratio.  
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Figure 4.4. Random-effects meta-analysis assessing the impact of COVID-19 mitigation measures on the risk of LBW in sub-

Saharan Africa, overall and stratified by study design 

 

DRC = Democratic Republic of the Congo, LBW = low birth weight, RR = risk ratio.  
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Figure 4.5. Random-effects meta-analysis assessing the impact of COVID-19 mitigation measures on the risk of PTB in sub-

Saharan Africa, overall and stratified by study design 

 

DRC = Democratic Republic of the Congo, PTB = preterm birth, RR = risk ratio.  
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4.7. Appendix 

Supplemental Table 4.1. Search strategy for PubMed/MEDLINE 

PICO category Associated concept PubMed/MEDLINE Search Terms 

Population  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
the intervention 
period† 

(("Angola"[Mesh] OR "Angola"[Title/Abstract]) OR  
("Benin"[Mesh] OR "Benin"[Title/Abstract]) OR  
("Botswana"[Mesh] OR "Botswana"[Title/Abstract]) OR  
("Burkina Faso"[Mesh] OR "Burkina Faso"[Title/Abstract]) OR  
("Burundi"[Mesh] OR "Burundi"[Title/Abstract]) OR  
("Cameroon"[Mesh] OR "Cameroon"[Title/Abstract]) OR  
("Cabo Verde"[Mesh] OR "Cabo Verde"[Title/Abstract] OR "Cape 
Verde"[Title/Abstract]) OR  
("Central African Republic"[Mesh] OR "Central African Republic"[Title/Abstract]) OR  
("Chad"[Mesh] OR "Chad"[Title/Abstract]) OR  
("Comoros"[Mesh] OR "Comoros"[Title/Abstract]) OR  
("Cote d'Ivoire"[Mesh] OR "Cote d'Ivoire"[Title/Abstract] OR "Ivory 
Coast"[Title/Abstract]) OR  
("Democratic Republic of the Congo"[Mesh] OR "Democratic Republic of the 
Congo"[Title/Abstract] OR "Congo"[Title/Abstract] OR "Kinshasa"[Title/Abstract]) 
OR  
("Djibouti"[Mesh] OR "Djibouti"[Title/Abstract]) OR  
("Equatorial Guinea"[Mesh] OR "Equatorial Guinea"[Title/Abstract]) OR  
("Eritrea"[Mesh] OR "Eritrea"[Title/Abstract]) OR  
("Ethiopia"[Mesh] OR "Ethiopia"[Title/Abstract]) OR  
("Gabon"[Mesh] OR "Gabon"[Title/Abstract]) OR  
("Gambia"[Mesh] OR "Gambia"[Title/Abstract]) OR  
("Ghana"[Mesh] OR "Ghana"[Title/Abstract]) OR  
("Guinea"[Mesh] OR "Conakry"[Title/Abstract] OR "French Guinea"[Title/Abstract]) 
OR  
("Guinea-Bissau"[Mesh] OR "Bissau"[Title/Abstract] OR "Portuguese 
Guinea"[Title/Abstract]) OR  
("Kenya"[Mesh] OR "Kenya"[Title/Abstract]) OR  
("Lesotho"[Mesh] OR "Lesotho"[Title/Abstract]) OR  
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PICO category Associated concept PubMed/MEDLINE Search Terms 
("Liberia"[Mesh] OR "Liberia"[Title/Abstract]) OR  
("Madagascar"[Mesh] OR "Madagascar"[Title/Abstract]) OR  
("Malawi"[Mesh] OR "Malawi"[Title/Abstract]) OR  
("Mali"[Mesh] OR "Mali"[Title/Abstract]) OR  
("Mauritius"[Mesh] OR "Mauritius"[Title/Abstract]) OR ("Mozambique"[Mesh] OR 
"Mozambique"[Title/Abstract]) OR  
("Namibia"[Mesh] OR "Namibia"[Title/Abstract]) OR   
("Niger"[Mesh] OR "Niger"[Title/Abstract]) OR  
("Nigeria"[Mesh] OR "Nigeria"[Title/Abstract]) OR  
("Congo"[Mesh] OR "Congo"[Title/Abstract] OR "Republic of 
Congo"[Title/Abstract] OR "Brazzaville"[Title/Abstract]) OR  
("Rwanda"[Mesh] OR "Rwanda"[Title/Abstract]) OR  
("Sao Tome and Principe"[Mesh] OR "Sao Tome and Principe"[Title/Abstract] OR 
"São Tomé and Principe"[Title/Abstract]) OR  
("Senegal"[Mesh] OR "Senegal"[Title/Abstract]) OR  
("Seychelles"[Mesh] OR "Seychelles"[Title/Abstract]) OR  
("Sierra Leone"[Mesh] OR "Sierra Leone"[Title/Abstract]) OR  
("Somalia"[Mesh] OR "Somalia"[Title/Abstract]) OR  
("South Africa"[Mesh] OR "South Africa"[Title/Abstract]) OR  
("South Sudan"[Mesh] OR "South Sudan"[Title/Abstract]) OR  
("Sudan"[Mesh] OR "Sudan"[Title/Abstract]) OR  
("Eswatini"[Mesh] OR "Eswatini"[Title/Abstract] OR "Swaziland"[Title/Abstract]) OR  
("Tanzania"[Mesh] OR "Tanzania"[Title/Abstract]) OR  
("Togo"[Mesh] OR "Togo"[Title/Abstract]) OR  
("Uganda"[Mesh] OR "Uganda"[Title/Abstract]) OR  
("Zambia"[Mesh] OR "Zambia"[Title/Abstract]) OR  
("Zimbabwe"[Mesh] OR "Zimbabwe"[Title/Abstract])) 

Intervention COVID-19 mitigation 
measures* 

("COVID-19"[Mesh] OR "COVID-19"[Title/Abstract] OR 
"COVID19"[Title/Abstract] OR "COVID 19"[Title/Abstract] OR "SARS-CoV-
2"[Title/Abstract] OR "2019 Novel Coronavirus"[Title/Abstract] OR "2019 
nCoV"[Title/Abstract] OR "Coronavirus Disease"[Title/Abstract] OR "Severe Acute 
Respiratory Syndrome Coronavirus 2"[Title/Abstract] OR "SARS Coronavirus 
2"[Title/Abstract] OR "pandemic"[Title/Abstract] OR "Wuhan virus"[Title/Abstract]) 
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PICO category Associated concept PubMed/MEDLINE Search Terms 

Comparator  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
a period prior to the 
intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a 
pre-COVID-19 comparison period. 

Outcome(s) Stillbirth, LBW, 
and/or PTB 

(((("premature birth"[MeSH Terms] OR ("premature"[All Fields] AND "birth"[All 
Fields]) OR "premature birth"[All Fields] OR "preterm"[All Fields] OR "preterms"[All 
Fields] OR "obstetric labor, premature"[MeSH Terms] OR ("obstetric"[All Fields] 
AND "labor"[All Fields] AND "premature"[All Fields]) OR "premature obstetric 
labor"[All Fields] OR ("preterm"[All Fields] AND "labor"[All Fields]) OR "preterm 
labor"[All Fields] OR "premature"[All Fields] OR "prematurely"[All Fields] OR 
"prematures"[All Fields] OR "prematurities"[All Fields] OR "prematurity"[All Fields] 
OR "premature labour"[All Fields]) OR ("infant, low birth weight"[MeSH Terms] OR 
("infant"[All Fields] AND "low"[All Fields] AND "birth"[All Fields] AND "weight"[All 
Fields]) OR "low birth weight infant"[All Fields] OR ("low"[All Fields] AND 
"birthweight"[All Fields]) OR "low birthweight"[All Fields] OR ("low"[All Fields] AND 
"birth"[All Fields] AND "weight"[All Fields]) OR "low birth weight"[All Fields])) OR 
("stillbirth"[MeSH Terms] OR "stillbirth"[All Fields] OR ("still"[All Fields] AND 
"birth"[All Fields]) OR "still birth"[All Fields] OR "stillbirths"[All Fields] OR 
"stillborn"[All Fields] OR "stillborns"[All Fields])) OR ("Premature Birth"[Mesh] OR 
"Premature Birth"[all] OR "Preterm Birth"[all] OR "Premature Infant"[all] OR 
"Preterm Infant"[all] OR "Prematurity"[all] OR "Preterm labour"[all] OR "Preterm 
labor"[all] OR "Premature labor"[all] OR "Premature labour"[all] OR "Preterm 
Delivery"[all] OR "Premature Delivery"[all]) OR ("Stillbirth"[Mesh] OR "Stillbirth"[all] 
OR "Still birth"[all] OR "Stillborn"[all] OR "Still born"[all]) OR ("Infant, Low Birth 
Weight"[Mesh] OR "Low Birth Weight"[all] OR "Low Birthweight"[all] OR "Low-
Birth-Weight"[all])) 

LBW = low birth weight, MEDLINE = Medical Literature Analysis and Retrieval System Online, PICO = Population, intervention, comparator, and 
outcome, PTB = preterm birth. 
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” 
were added to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, 
isolation, stay-at-home orders, mask mandates, etc.), terms for “COVID-19” were used and then selected articles were screened to only include 
instances where pregnant women and their newborns were compared during and prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Table 4.2. Search strategy for Embase 

PICO category Associated concept Embase Search Terms 

Population  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
the intervention 
period† 

'africa south of the sahara'/exp OR 'africa south of the sahara' OR 'angola'/exp OR 
'angola' OR 'angola':ab,ti OR 'benin'/exp OR 'benin' OR 'benin':ab,ti OR 
'botswana'/exp OR 'botswana' OR 'botswana':ab,ti OR 'burkina faso'/exp OR 'burkina 
faso' OR 'burkina faso':ab,ti OR 'burundi'/exp OR 'burundi' OR 'burundi':ab,ti OR 
'cameroon'/exp OR 'cameroon' OR 'cameroon':ab,ti OR 'cape verde'/exp OR 'cape 
verde' OR 'cape verde':ab,ti OR 'cabo verde':ab,ti OR 'central african republic'/exp OR 
'central african republic' OR 'central african republic':ab,ti OR 'chad'/exp OR 'chad' OR 
'chad':ab,ti OR 'comoros'/exp OR 'comoros' OR 'comoros':ab,ti OR 'congo'/exp OR 
'congo' OR 'congo':ab,ti OR 'brazzaville':ab,ti OR 'cote d`ivoire'/exp OR 'cote d`ivoire' 
OR 'cote d`ivoire':ab,ti OR 'ivory coast':ab,ti OR 'democratic republic congo'/exp OR 
'democratic republic congo' OR 'democratic republic congo':ab,ti OR 'kinshasa':ab,ti OR 
'djibouti'/exp OR 'djibouti' OR 'djibouti':ab,ti OR 'equatorial guinea'/exp OR 'equatorial 
guinea' OR 'equatorial guinea':ab,ti OR 'eritrea'/exp OR 'eritrea' OR 'eritrea':ab,ti OR 
'eswatini'/exp OR 'eswatini' OR 'eswatini':ab,ti OR 'swaziland':ab,ti OR 'ethiopia'/exp 
OR 'ethiopia' OR 'ethiopia':ab,ti OR 'gabon'/exp OR 'gabon' OR 'gabon':ab,ti OR 
'gambia'/exp OR 'gambia' OR 'gambia':ab,ti OR 'ghana'/exp OR 'ghana' OR 'ghana':ab,ti 
OR 'guinea'/exp OR 'guinea' OR 'guinea':ab,ti OR 'conakry':ab,ti OR 'french 
guinea':ab,ti OR 'guinea-bissau'/exp OR 'guinea-bissau' OR 'guinea-bissau':ab,ti OR 
'bissau':ab,ti OR 'portuguese guinea':ab,ti OR 'kenya'/exp OR 'kenya' OR 'kenya':ab,ti 
OR 'lesotho'/exp OR 'lesotho' OR 'lesotho':ab,ti OR 'liberia'/exp OR 'liberia' OR 
'liberia':ab,ti OR 'madagascar'/exp OR 'madagascar' OR 'madagascar':ab,ti OR 
'malawi'/exp OR 'malawi' OR 'malawi':ab,ti OR 'mali'/exp OR 'mali' OR 'mali':ab,ti OR 
'mauritius':ab,ti OR 'mozambique'/exp OR 'mozambique' OR 'mozambique':ab,ti OR 
'namibia'/exp OR 'namibia' OR 'namibia':ab,ti OR 'niger'/exp OR 'niger' OR 'niger':ab,ti 
OR 'nigeria'/exp OR 'nigeria' OR 'nigeria':ab,ti OR 'rwanda'/exp OR 'rwanda' OR 
'rwanda':ab,ti OR 'senegal'/exp OR 'senegal' OR 'senegal':ab,ti OR 'seychelles':ab,ti OR 
'sierra leone'/exp OR 'sierra leone' OR 'sierra leone':ab,ti OR 'sao tome and 
principe':ab,ti OR 'são tomé and principe':ab,ti OR 'somalia'/exp OR 'somalia' OR 
'somalia':ab,ti OR 'south africa'/exp OR 'south africa' OR 'south africa':ab,ti OR 'south 
sudan'/exp OR 'south sudan' OR 'south sudan':ab,ti OR 'sudan'/exp OR 'sudan' OR 
'sudan':ab,ti OR 'tanzania'/exp OR 'tanzania' OR 'tanzania':ab,ti OR 'togo'/exp OR 
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PICO category Associated concept Embase Search Terms 
'togo' OR 'togo':ab,ti OR 'uganda'/exp OR 'uganda' OR 'uganda':ab,ti OR 'zambia'/exp 
OR 'zambia' OR 'zambia':ab,ti OR 'zimbabwe'/exp OR 'zimbabwe' OR 'zimbabwe':ab,ti 

Intervention COVID-19 mitigation 
measures* 

'coronavirus disease 2019'/exp OR 'coronavirus disease 2019':ab,ti,kw OR 'covid-
19':ab,ti,kw OR 'covid 19':ab,ti,kw OR 'covid19':ab,ti,kw OR 'sars-cov-2':ab,ti,kw OR 
'2019 novel coronavirus':ab,ti,kw OR '2019 ncov':ab,ti,kw OR 'coronavirus 
disease':ab,ti,kw OR 'severe acute respiratory syndrome coronavirus 2':ab,ti,kw OR 'sars 
coronavirus 2':ab,ti,kw OR 'pandemic':ab,ti,kw OR 'wuhan virus':ab,ti,kw 

Comparator  

Pregnant women and 
their newborns in sub-
Saharan Africa during a 
period prior to the 
intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a 
pre-COVID-19 comparison period. 

Outcome(s) Stillbirth, LBW, and/or 
PTB 

'low birth weight'/exp OR 'low birth weight' OR 'low birth weight':ab,ti,kw OR 'low 
birthweight':ab,ti,kw OR 'low-birth-weight':ab,ti,kw OR 'stillbirth'/exp OR 'stillbirth' OR 
'stillbirth':ab,ti,kw OR 'still birth':ab,ti,kw OR 'stillborn':ab,ti,kw OR 'still born':ab,ti,kw 
OR 'prematurity'/exp OR 'prematurity' OR 'prematurity':ab,ti,kw OR 'premature 
birth':ab,ti,kw OR 'premature infant':ab,ti,kw OR 'preterm birth':ab,ti,kw OR 'preterm 
infant':ab,ti,kw OR 'preterm delivery':ab,ti,kw OR 'premature delivery':ab,ti,kw OR 
'preterm labor':ab,ti,kw OR 'preterm labour':ab,ti,kw OR 'premature labor':ab,ti,kw OR 
'premature labour':ab,ti,kw 

LBW = low birth weight, PICO = Population, intervention, comparator, and outcome, PTB = preterm birth. 
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” were 
added to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, isolation, 
stay-at-home orders, mask mandates, etc.), terms for “COVID-19” were used and then selected articles were screened to only include instances where 
pregnant women and their newborns were compared during and prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Table 4.3. Search strategy for Web of Science 

PICO category Associated concept Web of Science Search Terms 

Population  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
the intervention period† 

((((((((((((((((((((((((((((((((((((((((((((((((((((((ALL=("ANGOLA")) OR ALL=("Benin")) OR 
ALL=("Botswana")) OR ALL=("Burkina Faso")) OR ALL=("Burundi")) OR 
ALL=("Cameroon")) OR ALL=("Cape Verde")) OR ALL=("Cabo Verde")) OR 
ALL=("Central African Republic")) OR ALL=("Chad")) OR ALL=("Comoros")) OR 
ALL=("Congo")) OR ALL=("Brazzaville")) OR ALL=("Cote d`Ivoire")) OR 
ALL=("Ivory Coast")) OR ALL=("Democratic Republic Congo")) OR 
ALL=("Democratic Republic of Congo")) OR ALL=("Kinshasa")) OR 
ALL=("Djibouti")) OR ALL=("Equatorial Guinea")) OR ALL=("Eritrea")) OR 
ALL=("Eswatini")) OR ALL=("Swaziland")) OR ALL=("Ethiopia")) OR 
ALL=("Gabon")) OR ALL=("Gambia")) OR ALL=("Ghana")) OR ALL=("Guinea")) 
OR ALL=("Conakry")) OR ALL=("Guinea-Bissau")) OR ALL=("Bissau")) OR 
ALL=("Kenya")) OR ALL=("Lesotho")) OR ALL=("Liberia")) OR 
ALL=("Madagascar")) OR ALL=("Mali")) OR ALL=("Mauritius")) OR 
ALL=("Mozambique")) OR ALL=("Namibia")) OR ALL=("Niger")) OR 
ALL=("Nigeria")) OR ALL=("Rwanda")) OR ALL=("Senegal")) OR 
ALL=("Seychelles")) OR ALL=("Sierra Leone")) OR ALL=("Principe")) OR 
ALL=("Somalia")) OR ALL=("South Africa")) OR ALL=("South Sudan")) OR 
ALL=("Sudan")) OR ALL=("Tanzania")) OR ALL=("Togo")) OR ALL=("Uganda")) 
OR ALL=("Zambia")) OR ALL=("Zimbabwe") 

Intervention COVID-19 mitigation 
measures* 

(((((((((ALL=("COVID-19")) OR ALL=("COVID19")) OR ALL=("COVID 19")) OR 
ALL=("SARS-COV-2")) OR ALL=("2019 NOVEL CORONAVIRUS")) OR 
ALL=("2019 NCOV")) OR ALL=("CORONAVIRUS DISEASE")) OR 
ALL=("SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2")) OR 
ALL=("SARS CORONAVIRUS 2")) OR ALL=("PANDEMIC") OR ALL=("WUHAN 
VIRUS") 

Comparator  

Pregnant women and 
their newborns in sub-
Saharan Africa during a 
period prior to the 
intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a pre-
COVID-19 comparison period. 
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PICO category Associated concept Web of Science Search Terms 

Outcome(s) Stillbirth, LBW, and/or 
PTB 

(((((((((((ALL=("low birth weight")) OR ALL=("low birthweight")) OR ALL=("low-
birth-weight")) OR ALL=("stillbirth")) OR ALL=("still birth")) OR ALL=("stillborn")) 
OR ALL=("still born")) OR ALL=("premature birth")) OR ALL=("preterm birth")) OR 
ALL=("premature infant")) OR ALL=("preterm infant")) OR ALL=("prematurity") OR 
ALL=("preterm delivery") OR ALL=("premature delivery") OR ALL=("premature 
labor") OR ALL=("preterm labor") OR ALL=("premature labour") OR ALL=("preterm 
labour") 

LBW = low birth weight, PICO = Population, intervention, comparator, and outcome, PTB = preterm birth. 
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” were 
added to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, isolation, 
stay-at-home orders, mask mandates, etc.), terms for “COVID-19” were used and then selected articles were screened to only include instances where 
pregnant women and their newborns were compared during and prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Table 4.4. Search strategy for AJOL 

PICO category Associated concept AJOL Search Terms 

Population  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
the intervention period† 

Not applicable – database is Africa-specific. 

Intervention COVID-19 mitigation 
measures* 

("COVID-19" OR "COVID19" OR "COVID 19" OR "SARS-COV-2" OR "2019 
NOVEL CORONAVIRUS" OR "2019 NCOV" OR "CORONAVIRUS DISEASE" 
OR "SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2" OR 
"SARS CORONAVIRUS 2" OR "PANDEMIC") 

Comparator  

Pregnant women and 
their newborns in sub-
Saharan Africa during a 
period prior to the 
intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a 
pre-COVID-19 comparison period. 

Outcome(s) Stillbirth, LBW, and/or 
PTB 

("STILLBIRTH" OR “STILL BIRTH” OR “STILLBORN” OR “STILL BORN” OR 
"PRETERM BIRTH" OR “PREMATURE BIRTH” OR “PRETERM INFANT” OR 
“PREMATURE INFANT” OR “PREMATURITY” OR “PRETERM DELIVERY” 
OR “PREMATURE DELIVERY” OR “PRETERM LABOR” OR “PREMATURE 
LABOR” OR “PRETERM LABOUR” OR “PREMATURE LABOUR” OR "LOW 
BIRTH WEIGHT" OR “LOW BIRTHWEIGHT” OR “LOW-BIRTH-WEIGHT”) 

AJOL = African Journals Online, LBW = low birth weight, PICO = Population, intervention, comparator, and outcome, PTB = preterm birth. 
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” were 
added to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, isolation, 
stay-at-home orders, mask mandates, etc.), terms for “COVID-19” were used and then selected articles were screened to only include instances where 
pregnant women and their newborns were compared during and prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Table 4.5. Search strategy for AIM 

PICO category Associated concept AIM Search Terms 

Population  

Pregnant women and 
their newborns in sub-
Saharan Africa during 
the intervention 
period† 

Not applicable – database is Africa-specific. 

Intervention COVID-19 mitigation 
measures* 

("COVID-19" OR "COVID19" OR "COVID 19" OR "SARS-COV-2" OR "2019 
NOVEL CORONAVIRUS" OR "2019 NCOV" OR "CORONAVIRUS DISEASE" 
OR "SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2" OR 
"SARS CORONAVIRUS 2" OR "PANDEMIC") 

Comparator  

Pregnant women and 
their newborns in sub-
Saharan Africa during a 
period prior to the 
intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a 
pre-COVID-19 comparison period. 

Outcome(s) Stillbirth, LBW, and/or 
PTB 

("STILLBIRTH" OR “STILL BIRTH” OR “STILLBORN” OR “STILL BORN” OR 
"PRETERM BIRTH" OR “PREMATURE BIRTH” OR “PRETERM INFANT” OR 
“PREMATURE INFANT” OR “PREMATURITY” OR “PRETERM DELIVERY” 
OR “PREMATURE DELIVERY” OR “PRETERM LABOR” OR “PREMATURE 
LABOR” OR “PRETERM LABOUR” OR “PREMATURE LABOUR” OR "LOW 
BIRTH WEIGHT" OR “LOW BIRTHWEIGHT” OR “LOW-BIRTH-WEIGHT”) 

AIM = African Index Medicus, LBW = low birth weight, PICO = Population, intervention, comparator, and outcome, PTB = preterm birth. 
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” were 
added to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, isolation, stay-
at-home orders, mask mandates, etc.), terms for “COVID-19” were used and then selected articles were screened to only include instances where pregnant 
women and their newborns were compared during and prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Table 4.6. Search strategy for WHO COVID-19 Database 

PICO category Associated concept WHO COVID-19 Database Search Terms 

Population  

Pregnant women and their 
newborns in sub-Saharan 
Africa during the 
intervention period† 

(“Angola” OR “Benin” OR “Botswana” OR “Burkina Faso” OR “Burundi” OR 
“Cameroon” OR “Cape Verde” OR “Cabo Verde” OR “Central African Republic” OR 
“Chad” OR “Comoros” OR “Congo” OR “Brazzaville” OR “Cote d`Ivoire” OR “Ivory 
Coast” OR  “Democratic Republic Congo” OR “Democratic Republic of Congo” OR 
“Kinshasa” OR “Djibouti” OR  “Equatorial Guinea” OR “Eritrea” OR “Eswatini” OR 
“Swaziland” OR  “Ethiopia” OR “Gabon” OR  “Gambia” OR “Ghana” OR “Guinea” 
OR “Conakry” OR “French Guinea” OR “Guinea-Bissau” OR “Bissau” OR 
“Portuguese Guinea” OR “Kenya” OR “Lesotho” OR “Liberia” OR “Madagascar” OR 
“Malawi” OR  “Mali” OR “Mauritius” OR “Mozambique” OR  “Namibia” OR “Niger” 
OR “Nigeria” OR “Rwanda” OR “Senegal” OR “Seychelles” OR “Sierra Leone” OR  
“Principe” OR “Somalia” OR “South Africa” OR “South Sudan” OR “Sudan” OR 
“Tanzania” OR “Togo” OR “Uganda” OR  “Zambia” OR “Zimbabwe”) 

Intervention COVID-19 mitigation 
measures* Not applicable – database already filtered to only COVID-19 studies. 

Comparator  

Pregnant women and their 
newborns in sub-Saharan 
Africa during a period 
prior to the intervention  

Not applicable – however, all identified studies were screened to ensure that they used some form of a pre-
COVID-19 comparison period. 

Outcome(s) Stillbirth, LBW, and/or 
PTB 

("STILLBIRTH" OR “STILL BIRTH” OR “STILLBORN” OR “STILL BORN” OR 
"PRETERM BIRTH" OR “PREMATURE BIRTH” OR “PRETERM INFANT” OR 
“PREMATURE INFANT” OR “PREMATURITY” OR “PRETERM DELIVERY” 
OR “PREMATURE DELIVERY” OR “PRETERM LABOR” OR “PREMATURE 
LABOR” OR “PRETERM LABOUR” OR “PREMATURE LABOUR” OR "LOW 
BIRTH WEIGHT" OR “LOW BIRTHWEIGHT” OR “LOW-BIRTH-WEIGHT”) 

LBW = low birth weight, PICO = Population, intervention, comparator, and outcome, PTB = preterm birth, WHO = World Health Organization.  
†Because the outcomes (i.e., LBW, stillbirth, and PTB) only occur among newborns, no additional terms for “pregnant women and their newborns” were added 
to the searches. *Since there is a wide variety in the terms used to describe COVID-19 mitigation measures (i.e., lockdown, quarantine, isolation, stay-at-home 
orders, mask mandates, etc.), selected articles were screened to only include instances where pregnant women and their newborns were compared during and 
prior to the imposition of COVID-19 mitigation measures. 
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Supplemental Figure 4.1. Screenshot of (completed) standardized data extraction form 
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Supplemental Figure 4.2. Risk of bias assessment according to ROBINS-I  

 
ROBINS-I = Risk Of Bias In Non-randomized Studies - of Interventions. Generated using Risk-of-bias VISualization (robvis).69  



 143 

Supplemental Figure 4.3. Funnel plot for studies reporting on stillbirth 
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Chapter 5. Concluding Remarks 

5.1. Outcomes and Implications 

 Despite its importance as a vital pillar within public health that supports not only the short- 

and long-term health but also the socioeconomic development of communities and countries, 

maternal and neonatal health can sometimes be overlooked. Global health programs, like the Every 

Newborn Action Plan,1–3 and novel interventions, such as maternal immunization,4–7 are therefore 

key strategies for promoting maternal and neonatal health and thus improving overall population 

health. However, surveillance system challenges exist in low- and middle-income countries 

(LMICs) that hinder the abilities of these programs and interventions to be fully effective; 

furthermore, the unprecedented nature of the COVID-19 pandemic resulted in additional burden 

on already struggling public health systems in LMICs, thereby leading to more population health 

challenges. Thus, more research on surveillance systems – including pharmacovigilance (PV) 

systems – strengthening as well as the impact of the COVID-19 pandemic within LMICs is clearly 

needed. 

This dissertation sought to identify solutions for PV systems strengthening for the benefit 

of maternal and neonatal health outcomes and to examine the impact of the COVID-19 pandemic 

on neonatal health outcomes within the context of the Democratic Republic of the Congo (DRC) 

specifically and sub-Saharan Africa more generally. In general, we found that alternative data 

sources in the form of archival medical records and enhanced monitoring data could serve as 

suitable tools for the monitoring of adverse birth outcomes in Kinshasa, DRC; additionally, our 

natural experimental analyses revealed that low birth weight (LBW) and preterm birth (PTB) 

slightly decreased after the imposition of COVID-19 mitigation measures in Kinshasa, DRC, while 

our systematic review and meta-analysis suggested no change in stillbirth, LBW, or PTB after the 
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imposition of COVID-19 mitigation measures among multi-national/national/regional studies in 

sub-Saharan Africa. Despite limitations associated with the data and our analytical choices, the 

key findings of this dissertation and the corresponding implications for future research and public 

health are as follows: 

1. Archival medical records and enhanced monitoring data can be validly used as alternative 

– and perhaps superior – PV tools for the surveillance of maternal and neonatal health 

outcomes in Kinshasa, DRC; indeed, comparisons with the literature8–10 suggested these 

alternative data sources may have in fact better recorded PTB prevalence than the standard 

surveillance data source in the DRC. However, there were challenges related to the 

measurement of maternal age, likely due to the moderate missingness observed in both 

the archival medical records and the enhanced surveillance data. Nonetheless, our results 

have implications for the Congolese PV infrastructure and provide evidence in favor of 

utilizing archival medical records/enhanced monitoring data (in conjunction with 

spontaneous reporting mechanisms and standard surveillance) to address vaccine/drug 

safety inquiries more effectively in Kinshasa. Future work should aim to capture maternal 

age information more accurately, especially in the archival medical records. 

2. Despite some issues in our ability to definitively assess the seasonality of the adverse birth 

outcomes, we determined that the stillbirth rate appeared to not increase while the LBW 

and PTB rates seemed to decline slightly after the imposition of COVID-19 mitigation 

measures in Kinshasa, DRC. Our results thus provide key insights for both Congolese and 

global health policymakers regarding the impact of COVID-19 mitigation measures on 

neonatal health outcomes in the DRC. Additionally, our findings have significant 

implications for public health responses to potential future outbreaks of other infectious 
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diseases in the DRC (such as cholera, measles, malaria, and Ebola virus disease)11,12 that 

may require the introduction of similar mitigation measures in Kinshasa. Future research 

should aim to better understand the seasonality of the adverse birth outcomes and to 

investigate the impact of the COVID-19 pandemic on neonatal health outcomes in other 

parts of the country in order to provide a more comprehensive understanding within the 

DRC.   

3. Our systematic review and meta-analysis suggested that the risk of stillbirth and LBW 

potentially increased during the imposition of COVID-19 mitigation measures, while the 

risk of PTB did not change during such periods; however, there were significant 

differences by study design. More specifically, multi-national/national/regional studies 

indicated that there was no change in the risk of stillbirth or LBW during COVID-19 

mitigation measures, while multi-/single-center investigations indicated that there was an 

increase in both outcomes during such periods. As proposed by other researchers,13–15 

facility-specific challenges and/or shifts in pregnancy may drive any changes detected in 

multi-/single-center investigations; thus, such results should be interpreted with caution, 

thereby suggesting that the results from the multi-national/national/regional studies should 

be prioritized. Moreover, due to issues surrounding high heterogeneity and a small number 

of studies/countries included for our analyses, future research should aim to conduct more 

national/regional studies within more sub-Saharan African countries in order to further 

elucidate the impact of pandemic policies on neonatal health outcomes in the region.  

5.2. Conclusion  

 Although it could be argued that PV capabilities in the DRC and the COVID-19 

pandemic’s association with neonatal health outcomes both within the DRC and throughout sub-
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Saharan Africa are not necessarily related topics, this dissertation succeeded in addressing these 

subjects and providing novel contributions to the literature. As the PV infrastructure in the DRC 

continues to develop, we hope that Congolese researchers can use the information generated in 

Chapter 2 to help expand the capabilities of the national PV system. Likewise, we anticipate that 

the results from Chapter 3 and Chapter 4 can facilitate further global dialogue on the impact of the 

COVID-19 pandemic on neonatal health outcomes and spur continued research in this area so that 

a more complete picture of the impact of COVID-19 mitigation measures in sub-Saharan Africa 

can be formed. Ultimately though, it is our desire that the findings generated from this dissertation 

can be used to promote maternal and neonatal health and thus improve overall population health 

both within the DRC and across the globe.  
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