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Abstract

Background Despite increasing evidence on COVID-19, few studies have been conducted in humanitarian set-
tings and none have investigated the direct and indirect effects of the pandemic in the Central African Republic. We
studied the COVID-19 epidemiology, health service utilization, and health care seeking behavior in the first year of the
pandemic in Bangui and surrounding areas.

Methods This mixed-methods study encompasses four components: descriptive epidemiological analysis of
reported COVID-19 cases data; interrupted time series analysis of health service utilization using routine health service
data; qualitative analysis of health care workers' perceptions of how health services were affected; and health care
seeking behavior of community members with a household survey and focus group discussions.

Results The COVID-19 epidemiology in CAR aligns with that of most other countries with males representing most
of the tested people and positive cases. Testing capacity was mainly concentrated in Bangui and skewed towards
symptomatic cases, travelers, and certain professions. Test positivity was high, and many cases went undiagnosed.
Decreases in outpatient department consultations, consultations for respiratory tract infections, and antenatal care
were found in most study districts. Cumulative differences in districts ranged from — 46,000 outpatient department
consultations in Begoua to+ 7000 in Bangui 3; — 9337 respiratory tract infections consultations in Begoua to+301 in
Bangui 1; and from — 2895 antenatal care consultations in Bimbo to+ 702 in Bangui 2. Consultations for suspected
malaria showed mixed results while delivery of BCG vaccine doses increased. Fewer community members reported
seeking care at the beginning of the pandemic compared to summer 2021, especially in urban areas. The fear of test-
ing positive and complying with related restrictions were the main obstacles to seeking care.

Conclusions A large underestimation of infections and decreased health care utilization characterized the first year
of the COVID-19 pandemic in Bangui and surrounding area. Improved decentralized testing capacity and enhanced
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efforts to maintain health service utilization will be crucial for future epidemics. A better understanding of health care
access is needed, which will require strengthening the national health information system to ensure reliable and com-
plete data. Further research on how public health measures interact with security constraints is needed.

Keywords COVID-19, Humanitarian settings, Central African Republic, Health care utilization, Health care seeking

behavior

Background

The COVID-19 pandemic declared by the World Health
Organization (WHO) on March 20, 2020 has affected
almost all countries and all aspects of societies. With
more than 643 million cases and 6.6 million deaths
reported by December 1, 2022 [1], the COVID-19 pan-
demic has challenged every health system in the world
and led to a variety of governmental responses that
aimed to contain the spread of the disease, maintain rou-
tine health services, and minimize societal disruptions
while protecting their populations.

Since the identification of the novel SARS-CoV-2 virus
in December 2019, extraordinary progress has occurred
in understanding how the virus operates in the human
body, transmission chains, risk factors for adverse out-
comes up to the development of treatment strategies,
and the production at scale of multiple effective vaccines.
Effects on countries, economies, and communities varied
across regions and over time as multiple waves of cases
occurred at different times in different parts of the world.

Health systems in low- and middle-income countries
(LMICs) and in humanitarian settings were considered
at higher risk at the beginning of the pandemic due to
their limited capacity to prepare and respond to epidem-
ics and pandemics [2], pre-existing vulnerabilities rang-
ing from already fragile, understaffed and underfunded
health systems, limited available emergency care capac-
ity, poor living conditions, limited access to water and
sanitation, and potentially vulnerable population with
precarious health status [3, 4]. Several modeling studies
attempted to estimate the burden of infections in vari-
ous LMICs and forced displacement settings in Africa
and worldwide, depicting quite gloomy scenarios [5, 6].
Fortunately, these dire forecasts did not occur, although
several waves occurred in all countries. Twenty million
cases and 389,000 deaths were reported in LMICs host-
ing humanitarian settings by December 1, 2022 [7], with
the majority of cases being asymptomatic and a low pro-
portion of patients experiencing severe outcomes and
death [8, 9]. Due to limited testing capacity, the actual
number of cases and deaths is likely much higher, as con-
firmed by serological studies [10]. The underlying causes
for the heterogeneity in disease spread across countries
remain unclear. Several factors likely contributed to
such different scenarios, including early introduction of

response measures, previous experience with epidemics
and emergencies, demographic factors, host genetics and
cross-reactivity with other pathogens, and climate and
environmental factors [9, 11].

Besides the direct effects of the spread of the SARS-
CoV-2 virus, particularly concerning was the capac-
ity of governments to maintain routine health services
when resources and attention were diverted to a single
disease. In previous large-scale epidemics in humanitar-
ian contexts (e.g., Ebola in West Africa and cholera in
Yemen) [12, 13], there was excess morbidity and mortal-
ity from communicable and non-communicable diseases.
When the COVID-19 pandemic started, health systems
attempted to cope by adapting service provision to mini-
mize infections while ensuring continuity of services [14],
with limited guidance and mixed results.

Despite the increasing evidence on COVID-19, fewer
studies have been conducted in humanitarian settings
and very few in the Central African Republic (CAR); a
short report from Bossangoa [15], two opinion papers
about response strategy and lessons learned from HIV
[16, 17], and one commentary about vaccine outreach
[18]. To our knowledge, no studies have been conducted
on the direct and indirect effects of the COVID-19 pan-
demic in CAR. We aim to contribute to filling this gap by
investigating the COVID-19 epidemiology, health service
utilization, and health care seeking behavior in the first
year of the pandemic in Bangui and surrounding areas.
This is one of three case studies in humanitarian and
fragile settings that were conducted within the USAID-
funded collaboration among Johns Hopkins Center for
Humanitarian Health, Action Contre la Faim (ACF), and
IMPACT. The other two case studies focused on Mweso
health zone, Democratic Republic of Congo, and Cox’s
Bazar, Bangladesh.

Methods

Study setting

The study comprised five health districts in Bangui (Ban-
gui 1, Bangui 2, Bangui 3) and surrounding areas (Bimbo
and Begoua) with a total estimated population of 1.15
million, including mainly urban and peri-urban areas;
most of the population is non-displaced. ACF has imple-
mented nutrition programs in Bangui since 2006, which
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have been complemented over time with health, food
security, and water, sanitation and hygiene activities in
Bangui and surrounding areas.

Study design and objectives

This mixed-methods study aims to investigate the epi-
demiology of COVID-19 and how health service utiliza-
tion was affected during the first year of the pandemic.
Specifically, the study encompasses four components: (a)
descriptive epidemiological analysis of reported COVID-
19 cases data; (b) quantitative assessment of changes
in health service utilization using routine health ser-
vice data; (c) qualitative analysis of health care workers’
(HCWs) perceptions of how health services were affected
during COVID-19; and (d) health care seeking behavior
of community members through a household survey and
focus group discussions (FGDs).

Data sources and study outcomes

The study used four data sources. More details about data
and data collection methods can be found in Additional
file 1: Sect. 1 Methods.

1. COVID-19 data

Two separate line lists were maintained in CAR, one
by the Institut Pasteur (IP), which started COVID-19
testing in March 2020, and the second by the Labora-
toire National de Biologie Clinique de Santé Publique
(LNBCSP), where COVID-19 testing started in May
2020. Each line list includes confirmed cases of COVID-
19 identified between March 14, 2020, and March 31,
2021, and individual-level information such as patient
demographic information; clinical presentation; test-
related information; test results; presence of comor-
bidities or other underlying conditions; and exposure
risks. The complete list of variables, their definition, and
level of completeness are included in Additional file 1:
1.1.1-1.1.2. The datasets are anonymized and use dif-
ferent identifiers, hindering cases matching. The IP line
list includes both negative and positive results, while
the LNCBSP only has confirmed cases. No information
about clinical management and disease outcomes was
recorded in any line lists. Due to a mistake identified in
the age variable from the IP line list that could not be rec-
tified, this variable was not used for the analysis. Popu-
lation estimates for 2021 were obtained from the United
Nations Population prospects [19].

2. Routine health data

Routine health data on consultations for selected health
services originated from the national health information
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system. As the system is only partially digitalized, data
were extracted from paper-based monthly health facility
reports available at the district health offices within the
study period (January 1, 2017, or 2018 depending on data
availability, to March 31, 2021) using KoboCollect soft-
ware. Quality checks were performed daily and consisted
in checking data completeness, correcting errors, remov-
ing duplicates, and ensuring data consistency and accu-
racy. Poorly completed extraction forms were returned
to the enumerator the following day, and mistakes were
addressed before uploading the data. One of the authors
(FG) coordinated data extraction with the support of
two ACF colleagues and eight data collectors. Electronic
versions of the data existed for 12, 10, and 13 months in
Bangui 1, Bangui 2, and Begoua, respectively, and were
obtained from the district health office. After assess-
ing usability, electronic data were added to the manu-
ally extracted data. Data collection lasted three months,
from April 1, 2021, to June 30, 2021. Outcomes of inter-
est included new outpatient department (OPD) consul-
tations; first antenatal care visit (ANC1); consultations
for respiratory tract infections (RTI); consultations for
malaria; Bacille Calmette-Guerin (BCG) vaccination.
Definitions of outcome indicators used in the analysis are
presented in Additional file 1: Table S2.

3. Qualitative interviews with HCWs

A purposive sample of HCWs from 10 health facilities
supported by ACF in Bangui 2 and Begoua districts was
selected to ensure the inclusion of various profiles, facil-
ity types and sizes, and rural and urban settings. Twenty-
six HCWs were interviewed, including district health
officers, medical doctors, nurses, midwives, pharmacists,
and other support staff. Interviews occurred between
June 30, 2021, and July 15, 2021, and were conducted
either in French or Sango, depending on the respondent’s
preference, and recorded upon the respondent’s consent.
The topics addressed in the interviews included whether
health services were affected during COVID-19 and how
(e.g., delivery modality, human resources, closure of
health facilities); Infection Prevention and Control (IPC)
measures introduced at the health facility; perceptions
and acceptance of the identified changes.

4. Community perspective

Primary quantitative data were collected via a two-stage
random sampling household survey. In the first stage, vil-
lages were selected using probability proportional to the
size, and households (second stage) were selected via
random allocation of GPS points within the village. One
respondent per household was interviewed, either the head
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of the household or another consenting adult. Sample size
was calculated with a+5% margin of error and 95% confi-
dence interval. Total sample size was 1045. Qualitative data
were collected through 24 semi-structured FGDs with 192
participants, including community members, local chiefs,
religious leaders, representatives of youth and women
groups, and merchants, to ensure a variety of profiles were
represented. Participants were purposively selected by
IMPACT, in consultation with community leaders, local
authorities and local actors. FGDs were stratified by age,
sex, and displacement status. Both quantitative and qualita-
tive components focused on health care seeking behavior
at the beginning of the COVID-19 pandemic and how this
changed over time (i.e., compared to the time of data col-
lection). More details about primary data collection can be
found in Additional file 1: Sect. 1.1.4.

Analytical approach
1. COVID-19 Epidemiology

We performed a descriptive analysis to calculate the num-
ber of cumulative cases, testing and incidence rates, age
and gender distribution, and clinical presentation. Quan-
titative variables were presented as mean + confidence
interval (CI), and categorical variables were expressed in
frequencies. Multivariable logistic regression was used to
identify risk factors associated with positive test results
(using the IP database only). Analyses were conducted in
Microsoft Excel and Stata version 14.

2. Changes in health service utilization

Health facilities were included in the analysis if they met
all the following criteria: at least 12 months of data prior
to the beginning of the COVID-19 period; at least three
months of data during the COVID-19 period; at least six
months of non-zero entries in the pre-COVID-19 period;
not missing all last 12 months of data preceding the
COVID-19 period. Outliers, defined as+ 3 standard devia-
tions from the mean value by indicator and for each health
facility, were removed in the pre-COVID-19 period.

To estimate how health service utilization has changed
at the beginning and during the COVID-19 period, we
fitted a generalized additive model to each health facility
i using mgcv package (R software V.4.0.5) [20]:

yij = NB(yijl i 0:)
log (1) = aoi + a1;S(month) + B1;COVID period;
+ B2:COVID month;
+ BsiS (calemdar monthj, cc, k = 3)
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where y;; is the number of consultations at health facility
i in month j; NB denotes negative binomial distribution;
ap; is the facility-specific intercept; «y; is the facility-spe-
cific coefficient for long-term trend; month is the variable
for month of study, centered at beginning of COVID-19
period and smoothed; COVIDperiod is a variable tak-
ing value 0 in the pre-COVID-19 period (January 2018
— March 2020), and value of 1 in April 2020 onwards;
COVID month is the month since beginning of COVID-
19 period; s(calendarmonthj, cc,k = 3) is a cubic spline
with three knots to capture seasonality (where applica-
ble). For each of the five health districts, district-level
estimates were obtained by pooling the facility-level esti-
mates of B;; and B,; using inverse-variance meta-analysis
approach, using meta package [21]. We report parameter
estimates using the incidence rate ratio (IRR) and related
95% CI. For each outcome, we present the immediate
change at the beginning of the COVID-19 period, and
the trend change for the COVID-19 period. Classifica-
tion of heterogeneity is also reported (details in Addi-
tional file 1: Sect. 1.2.1). We also calculated two measures
of the difference with expected values: (1) the cumulative
difference between observed and expected number of
consultations (by type) over the study period; and (2) the
average monthly percent change in consultations for each
month of the COVID-19 period at each facility (details in
Additional file 1: Sect. 1.2.2).

3. Health care workers’ perceptions

Framework analysis was used to explore qualitative
data. A matrix output with cases as rows and codes as
columns was developed to summarize data and facili-
tate comparisons between respondents and topics [22].

4. Health care seeking behavior

Qualitative data was analyzed using a saturation matrix.
This process involves listing unique discussion points
raised during all FGDs and counting the mentions
to identify the most common opinions expressed. A
weighted analysis of survey responses was conducted,
disaggregated by age, sex, residence, and displacement
status of respondents. Descriptive statistics (frequencies,
means, proportions) were calculated; multivariable logis-
tic regression investigated factors associated with seek-
ing care (age, sex, displacement status, residence, setting,
religion, education, profession). Analysis was conducted
in R software with the “hypegrammR” [23], “koboquest”
[24], and “surveyweights” [25] packages.
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Table 1 Incidence and testing rates for the entire population and by age groups, CAR, March 14, 2020, to March 31, 2021

IP LNBCSP

Total population Total population 0-19 years 20-59 years 60+ years
Number of tests conducted 25,188 3340 - - -
Positive results (Cases (n)) 3992 3339 243 2734 191
Population (in thousands) 4920 4920 2727 1970 222
Incidence Rate (per 100,000 per year) 81.1 68.9 891 138.78 86.04
95% Cl 81.13-81.15 66.58-71.22 7.79-10.03 133.58-143.98 78.83-98.23
Testing rate (per 100,000 per year) 511.9 NA NA NA NA
Positivity rate 15.9% NA NA NA NA

Source of population estimate [19]

Results
1. COVID-19 epidemiology

Table 1 outlines key measures related to cases, inci-
dence rate, and testing capacity, and Fig. 1 shows
their evolution over time. Additional results, includ-
ing descriptive statistics of the cases, tests and factors
associated with testing positive, are presented in Addi-
tional file 1: Tables S5 to S7. Males comprised most of
the tested people and most of the COVID-19 cases.

250

Incidence & testing
rate per 100000

Testing capacity was mainly concentrated in Bangui;
it increased for 4—5 months during the first wave, then
decreased, corresponding to an increasing test positiv-
ity rate. Symptomatic people and travelers were more
likely to test positive, and the incidence rate was higher
among the elderly. Clinical presentation of cases aligns
with global epidemiology. The two combined datasets
have an epidemiological curve consistent with WHO-
reported data (usually based on official data aggregated
at country level), possibly implying that datasets have
limited overlap (Additional file 1: Fig. S1).

Positivity rate % [ 7°
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Fig. 1 Trend of testing, incidence, and positivity rate per 100,000 population, March 2020 to April 2021, Central African Republic. Note: Testing rate
only reflects tests conducted at the Institut Pasteur as the total number of conducted tests at the LNBCSP was unavailable
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2. Health service utilization

Table 2 reports the results of the interrupted time series
analysis, cumulative difference, and average monthly %
difference for each indicator and health district. Figure 2
shows the percent deviation from expected values by
indicator and health district. Forest plots for immediate
change and change in slope by indicator and district are
presented in Additional file 1: Sect. 2.2.

Outpatient Department (OPD) new consultations
showed a consistent, immediate decrease within and
across health districts, although results were not statis-
tically significant. Heterogeneity was low in Bimbo but
ranged from moderate to high in other health districts.
Cumulative difference ranged from — 46,000 OPD con-
sultations in Begoua to+7000 in Bangui 3. The average
monthly change ranged from — 34% in Begoua to+21%
in Bangui 3.

Consultations for suspected malaria showed mixed
results, and no clear trend was identified across health
districts. None of the results were statistically significant.
Estimates were more heterogeneous for malaria than for
OPD consultations. Cumulative difference ranged from
— 17,826 in Begoua to+4345 in Bangui 3. The average
monthly change ranged from — 36% in Begoua to+35%
in Bangui 2.

RTI consultations showed a consistent decrease at the
beginning of the pandemic in all districts but Bangui 3.
Although the magnitude of the decrease was quite large
in some health districts (36% in Bangui 2 and 11% in
Begoua), results were not statistically significant. There
was a statistically significant decrease in change in slope
in Begoua (by 3%). Overall, the results were in line with
the decrease in new OPD consultations. Heterogene-
ity was low in Bangui 1 for both estimates but mixed
for other health districts. Cumulative difference ranged
from — 9337 in Begoua to+ 301 in Bangui 1. The average
monthly change ranged from — 52% in Begoua to+742%
in Bangui 2.

Consultations for ANC1 showed a consistent decrease,
but results were not statistically significant except for
Bimbo (IRR: 0.866, 95%CI 0.755-0.994, corresponding to
a 13% drop). Bangui 2 showed a 1% increase (not statisti-
cally significant). Heterogeneity was high in both Bangui
1 and Bangui 2, and low in Bangui 3, Begoua, and Bimbo.
Cumulative difference ranged from -2895 in Bimbo
to+702 in Bangui 2. The average monthly change ranged
from -28% in Bimbo to+11% in Bangui 2.

Delivery of BCG vaccine doses showed an increase in
four districts at the beginning of the pandemic (results
were statistically significant only in Bimbo (IRR: 1.577,
95%CI 1.136-2.19, corresponding to a 58% increase)).
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The estimate for change in slope in Bimbo was also stati-
cally different from 1 (IRR: 0.867, 95%CI 0.802—-0.938)
and corresponded to a 13% decrease in trend during the
COVID-19 period. The estimates for change in slope in
the other health districts were close to one. The num-
ber of included health facilities was low, and model
fit was poor to moderate due to high variability in pre-
COVID-19 period values. Cumulative difference ranged
from — 2660 in Begoua to+2399 in Bangui 3. The average
monthly change ranged from — 46% in Begoua to+72%
in Bangui 3.

3. HCWSs' perceptions of health service delivery

Most respondents reported no change or a reduction
in OPD consultations, maternal and child services, and
consultations for infectious and chronic diseases. From
the demand side, two main reasons were mentioned:
the fear of being infected with SARS-CoV-2 when visit-
ing the health facility (which was exacerbated when sev-
eral HCWs fell ill); and the reluctance to comply with
preventive health measures implemented at the facil-
ity (such as physical distancing, mask wearing, hand-
washing); this improved over time. From the offer side,
service availability was sometimes reduced due to the
reallocation of human resources towards COVID-19,
limiting the implementation of other services. For exam-
ple, ANC frequency was reduced from three times to
once per week in certain facilities; community aware-
ness activities switched to COVID-19, removing other
topics; monthly reporting was disrupted as HCWs usu-
ally in charge were mobilized for COVID-19 activities.
Furthermore, the need to ensure physical distancing led
to fewer people being allowed in the health facilities and
increased waiting time. These factors discouraged peo-
ple from seeking care. Certain services reported specific
challenges. For example, HCWs reported decreased
demand for routine childhood vaccinations due to
reluctance and confusion about the COVID-19 vac-
cine. Violent acts against COVID-19 vaccinators were
also reported. Pharmacies experienced stockouts due to
border closures and reduced support from external part-
ners. Laboratories noted decreased demand for tests,
as they were usually linked to consultations. Further-
more, decreasing consultations led to fewer resources
for the health facility to implement IPC measures and
ensure services. Some HCWs reported two encouraging
developments: increased awareness and focus on clean-
ing activities, hiring of human resources, and acquir-
ing cleaning equipment; and increased collaboration
between health facilities and the health district office
due to more response coordination meetings.
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Table 2 Interrupted time series results for outcome indicators, by district, CAR, 2017-2021: Incidence rate ratio for immediate change
and change in slope; classification of heterogeneity; cumulative difference and average monthly change

Health district N facilities = Measure IRR [95%Cl] Heterogeneity  Cumulative difference [Cl] Average
monthly %
change [Cl]
OPD
Bangui 1 7 Immediate effect  0.884 [0.628; 1.244] Moderate — 38,121 [- 61,185; — 15,900] —25[-37,=-5]
Change in slope 1[0.919; 1.088] High

Bangui 2 10 Immediate effect  0.795 [0.615; 1.028] Low — 17,722 [- 23938, —11,348]  — 13 [- 33;8593]
Change in slope 0.985 [0.956; 1.016] Low

Bangui 3 6 Immediate effect  0.989 [0.809; 1.208] Moderate 7250 [16,67; 12,435] 21 [6;42]
Change in slope 1.017[0.97; 1.067] Low

Begoua 17 Immediate effect 0983 [0.684; 1.414] High — 46,501 [— 82,113; — 19,922] —34[-53,-7]
Change in slope 1.02 [0.968; 1.074] Low

Bimbo 15 Immediate effect 1.052[0.937;1.182] Low — 14,390 [— 27,341; — 2950] —12[-22;1]
Change in slope 0.98 [0.952; 1.009] Low

Malaria

Bangui 1 7 Immediate effect ~ 0.734 [0.285; 1.892] High — 8594 [— 13,812; — 3283] —19[-31;4]
Changeinslope  1.041[0.941;1.152] High

Bangui 2 9 Immediate effect  0.929[0.67; 1.288] Low — 6593 [— 10,068; — 3299] 35 [— 20; 4080]
Change in slope 0.979[0.911;1.051] Low

Bangui 3 8 Immediate effect ~ 1.091 [0.885; 1.344] Low 4345 [1153;6998] 18 [5;31]
Change in slope 1.02 [O 955; 1.089] Low

Begoua 18 Immediate effect 6 [0.684; 1.82] High — 17826 [— 24,192, — 11,6211  —36 [— 46, — 24]
Change in slope 0.973[0.931;1.016] Low

Bimbo 17 Immediate effect 1.2611[0.983;1.617] High 2894 [624; 4996] 12[3; 23]
Change in slope 0.997 [0.963; 1.032] Low

RTI

Bangui 1 6 Immediate effect  0.984 [0.649; 1.494] Low 301 [— 1394; 1688] 7[—6;24]
Change in slope 0.995 [0.905; 1.094] Low

Bangui 2 9 Immediate effect ~ 0.639[0.404; 1.011] High — 8496 [— 12,824; — 4931] 742 [— 56; 2535]
Change in slope 1.002 [0.945; 1.063] Low

Bangui 3 5 Immediate effect 1.022 [0.55; 1.897] Moderate — 46 [— 1415; 1325] 6 [— 14;33]
Change in slope 1.031[0.932; 1.141] Low

Begoua 13 Immediate effect ~ 0.888 [0.496; 1.591] High — 9337 [ 14,858; — 5479] — 52 [—63; —40]
Change in slope 0.972[0.946; 0.999] Low

Bimbo 17 Immediate effect ~ 0.921[0.72; 1.178] Moderate — 706 [—2191; 869] -2[-11;8]
Change in slope 1.007 [0.97; 1.044] Low

ANCT

Bangui 1 7 Immediate effect  0.882 [0.599; 1.299] High — 913 [ 1286; — 535] —13[-17,-8]
Change in slope 0.996 [0.965; 1.027] High

Bangui 2 8 Immediate effect ~ 1.014[0.784; 1.311] High 702 [235;1129] 111;40]
Change in slope 0.984 [0.945; 1.025] High

Bangui 3 4 Immediate effect  0.852[0.629; 1.155] Low — 253 [—585;76] —5[=12;4]
Change in slope 1.022 [0.953; 1.095] Low

Begoua 15 Immediate effect 0.882[0.749; 1 039] Low — 198 [— 435; 28] —4[-10;3]
Change in slope 1.018[0.991; 1.046] Low

Bimbo 13 Immediate effect  0.866 [0.755; 0.994] Low — 2895 [— 4169; — 1790] — 28 [— 35— 19]
Change in slope 0.997[0.977;1.018] Low

BCG

Bangui 1 5 Immediate effect 1.04 [0.765; 1.415] Low — 1574 [— 2655; — 657] — 24 [—43;4]
Change in slope 0.963 [0.84; 1.105] Low
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Table 2 (continued)

Health district N facilities  Measure IRR [95%Cl] Heterogeneity  Cumulative difference [Cl] Average
monthly %
change [Cl]
Bangui 2 3 Immediate effect 1.56 [0.326; 7.466] Low — 659 [— 1054; — 249] — 22 [—47;485]
Change in slope 0.847 [0.664; 1.081] Low

Bangui 3 5 Immediate effect 1.347 [0.86; 2.11] Low 2399 [1599; 3056] 72[41;121]
Change in slope 0.996 [0.8; 1.24] High

Begoua 9 Immediate effect  0.905 [0.543; 1.506] High — 2660 [— 3172; — 2247] — 46 [—52; —41]
Change in slope 1.003 [0.793; 1.269] High

Bimbo 7 Immediate effect 1.577 [1.136; 2.19] Low — 1382 [~ 1989; — 796] —22[-31;=-12]

Change in slope 0.867[0.802;0.938]  High

*Bold cells indicate that results are statistically significant at 0.05, reflected in confidence intervals not including 1
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4. Health care seeking behavior: community perspec-
tive

Results from the household surveys are presented in
Additional file 1: Table S8. Answers are provided for the
first months of the COVID-19 pandemic and the 30 days
before data collection (Aug—Sep 2021). Fewer households
reported an illness event during the first months of the
pandemic compared to the time of data collection (24%
vs. 42%). Similarly, fewer of those experiencing illness
sought care (61% vs. 72%). The proportion of people who
sought care when sick was higher among the elderly in
both periods and among non-displaced compared to dis-
placed (61% vs. 31% early COVID and 72% vs. 60% in Sept
2021). It was higher in rural than urban settings (73% vs.
61%) during the first months of the pandemic, but higher
in urban areas at the time of data collection. Fever was
the most common symptom, followed by cough, diar-
rhea, and chronic conditions in both periods. Fewer
respondents sought care in hospitals and health facilities
during the first months of the COVID-19 pandemic com-
pared to September 2021 (hospitals: 48% vs. 66%; health
facilities 25% vs. 43%), while more respondents sought
care in pharmacies and from traditional healers during
the first months of COVID-19 compared to September
21 (pharmacies: 16% vs. 5%; traditional healers: 14% vs.
7%). Most of the respondents who did not seek care at the
time of data collection indicated the cost of treatment as
the main barrier (87%), especially among female-headed
households (94%) vs. male-headed (71%), displaced (93%)
vs. non-displaced people (87%), in Bimbo (98%) vs. Beg-
oua (75%) and Bangui (79%) (results in Additional file 1:
Table S9). Additional file 1: Table S10 shows that higher
levels of education were associated with higher odds of
seeking care in both periods. During the first months of
the pandemic, respondents from Bégoua and Bimbo who
experienced illness also had higher odds of seeking care
than respondents in Bangui. At the time of data collec-
tion, female respondents had higher odds of seeking care
than males, while respondents working in agriculture
had lower odds of seeking care than respondents with no
employment. Results should be interpreted with caution
as the number of people seeking care is small and the
CI large. Most respondents (80%) reported vaccinating
their children during the first months of the COVID-19
restrictions. This was consistent across age groups, sex,
residence, and displacement status. Interruption of ser-
vices was the most common (46%) reason for not vacci-
nating their children, particularly in Begoua (70%). Fear
of COVID-19 infection was the second reason (27%).

In more than half of the FGDs, respondents mentioned
increased reluctance to seek care due to the fear of being
diagnosed with COVID-19, especially for influenza-like

Page 9 of 13

conditions. People did not want to comply with the
restrictions the diagnosis would require (quarantine, for
instance). Other reasons included limited drug availabil-
ity, lack of equipment, and qualified personnel. Women
in Begoua and Bimbo also reported financial barriers.

Discussion

This study combined complementary research areas to
generate a comprehensive, albeit incomplete, under-
standing of the situation in CAR during the first year of
the COVID-19 pandemic. The COVID-19 epidemiology
aligns with the global picture, including higher incidence
among adult population and similar clinical presenta-
tions as in other countries [26—28]. As in many other
LMICs, testing capacity was limited and test positivity
high, showing a bias towards testing symptomatic people,
foreigners, travelers, or specific professions that required
testing to leave or enter the country (for example, truck
drivers were required to test before being allowed in the
country or Bangui). Some differences included more men
getting tested than women, with a consequent higher
incidence rate reported among men, likely due to more
men traveling or working in certain professions or having
better access to COVID-19 testing than women.

We noted a very large discrepancy between the num-
ber of reported COVID-19 cases from this study, regard-
less of whether the lowest or the highest estimate was
considered, and the results of the only serosurvey (to
our knowledge) conducted in Bangui over the months
of July—August 2021 [29]. The estimated seroprevalence
reached 74.1%, indicating a high proportion of the popu-
lation with SARS-CoV-2 antibodies, although vaccination
started only on May 21, 2021. While the serosurvey was
conducted after the end of our study period, only a few
thousand more cases were officially reported by August
31,2021 (11,307 [30]). A seroprevalence of 74% in Bangui
would correspond to circa 666,000 people with previous
infection, i.e., 60 times higher than the reported cases.
As about 76,000 vaccine doses were administered in the
entire country [31] by the time of the seroprevalence
survey in Bangui, undiagnosed and unreported cases
likely explain the gap. As in other African countries, the
majority of COVID-19 cases in CAR were likely asymp-
tomatic [8], triggering no health care seeking behavior.
In addition, limited testing capacity and changes in test-
ing strategy (which from July 2020 onwards targeted
only suspected cases and people at risk) excluded most
of the population from testing and automatically under-
estimated the real case count [32]. Ministry of Health
(MoH) data reported 40,541 conducted tests by March
31, 2021 [33], likely including IP and LNBCSP testing
capacity. This corresponded to 824 tests/100,000 and to
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a 13% positivity rate, which is above the recommended
5% considered by WHO [34] as a threshold for sufficient
testing capacity. Additional access barriers included
the fear of testing positive, compliance with preventive
measures, and cost. Polymerase chain reaction testing
was free at the LNBCSP until early 2021, when travel-
ers started paying. Testing was never free at IP, and costs
were borne by individuals seeking testing. Only at the
end of 2021 health districts received rapid diagnostic
tests that allowed decentralized testing capacity. Ensur-
ing quick scaling up of testing capacity will be essential
for future epidemics to understand the epidemiology of
the disease better. Should such rapid scale-up of testing
not be possible or insufficient, a limited number of tests
could be undertaken from sentinel sites across districts
to improve initial understanding of disease epidemiology
and case fatality rates. A more realistic knowledge of the
disease mortality may allay anxiety and encourage posi-
tive health-seeking behavior.

How the pandemic affected health care utilization
is poorly understood in many countries as many fac-
tors play a role, ranging from how adaptations towards
clinical services were implemented, government poli-
cies on quarantine and population movement and their
enforcement, individual risk perception, and how risk
communication and community engagement programs
were created and implemented [35, 36]. We studied
health care utilization in Bangui and surrounding areas
during the first year of the COVID-19 pandemic using
interrupted time series models and qualitative meth-
ods amongst HCWs and citizens of CAR. We found a
reduction in overall OPD consultations, and specifi-
cally for RTIs and ANC. These were noted in qualita-
tive interviews and observed in the quantitative data.
Although the results were not statistically significant,
likely due to limited data availability and high vari-
ability in both pre- and COVID-19 periods, decreas-
ing trends for these indicators were seen in most of the
districts we studied in CAR. This was corroborated by
fewer study participants reporting being sick and seek-
ing care in spring 2020 than in summer 2021. While, to
our knowledge, no other studies have been conducted
in CAR that could provide a further understanding of
our findings, similar results have been found in other
LMICs [37, 38] and in humanitarian settings [39]. The
fear of testing positive and complying with related
restrictions was the main obstacle to seeking health
care, which was reported among HCWs and commu-
nity members. Similar perceptions and fears were expe-
rienced in other countries across the globe [40-42].
In addition, various measures and adaptations imple-
mented in each health facility may have influenced
the individual decision to seek or postpone care in
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ways that are difficult to predict. For example, small
health facilities with limited resources may have had
less capacity to establish triage systems, hand wash-
ing stations, or enforce preventive measures. Fewer or
lax measures might have represented a deterrent for
specific community members (maybe those with pre-
existing conditions) or an incentive for others (maybe
those who could not afford to be out of work if they
tested positive). The fact that violence and population
displacement following presidential elections impacted
the capacity to implement COVID-19 measures adds a
layer of complexity in anticipating individual behavior.
These and other factors, such as proximity or the num-
ber of patients per provider, may partially explain why
more people preferred seeking care in pharmacies and
traditional healers instead of hospitals or health facili-
ties during the first months of the pandemic. As seen in
other epidemics [43], trust and a welcoming approach
in health facilities may play a more prominent role than
preventive measures in guiding individual choice.

Lack of medicine, qualified health personnel, and finan-
cial barriers were additional reasons why people reported
not seeking care when sick. The 2021 CAR Humanitarian
Needs Overview stated, “health care is a precious com-
modity that many families can no longer afford” [44].

Health facilities located in different parts of town may
have been affected differently. For example, those closer
to markets may have seen a more substantial reduction
in attendance when movement restrictions were imple-
mented. Facilities in urban areas may have been more
affected than rural ones, as enforcement of movement
restrictions was likely higher. This was reflected in the
survey results, showing that more respondents from rural
areas sought care during the first months of COVID-19
restrictions compared to urban respondents. The oppo-
site was observed at the time of data collection, possibly
due to easier access in urban areas under “normal” condi-
tions. Several health facilities also reported shifting tasks
and resources towards COVID-19 prevention and treat-
ment activities, leading to the reduction or interruption
of other services and increased waiting times. The fre-
quency of ANC decreased during the first months of the
pandemic; community outreach activities first stopped
and then focused primarily on COVID-19 interventions,
likely reducing awareness of other health needs and rou-
tine services. As in many other countries, health facilities
in CAR where HCWs fell sick with COVID-19 struggled
to maintain health service provision. These are all signs
of low health system resilience as health facilities showed
limited adaptive capacity following a shock [45]. Besides
the introduction of IPC measures, health care workers
reported few health program adaptations implemented
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to maintain health services, although organizational
guidelines were developed.

The reduction in consultations for RTIs has been
observed in several countries, including Vietnam,
Uganda, Kenya, Zambia, and China [46—50] and refugee
settings in Jordan and Uganda [51, 52]. It was likely due
to a variety of reasons, including changes in health-seek-
ing behaviors due to difficulty in reaching health facili-
ties, fear of being infected or of being tested, as well as
an effective reduction in common RTIs due to COVID-
19 related preventative measures such as masks, physical
distancing, and school closures.

Cold chain and the overall delivery of routine child
vaccinations were not reported as being interrupted.
On the contrary, quantitative results showed increased
BCG vaccine doses provided at the beginning of the pan-
demic, which is difficult to explain. Most respondents
said they brought their children for routine vaccination
at the health centers, even during the first months of the
pandemic. The implementation of two vaccination cam-
paigns (against measles and tetanus-diphtheria (Td)) was
delayed by a few months, and a vaccination campaign
against polio was canceled and not reinstated [53]. Sev-
eral other campaigns (against Td and polio) were delayed
in 2021, not because of COVID-19, but rather due to lack
of funding or other implementation constraints (includ-
ing post-election violence that postponed a second round
of a Td campaign at the end of 2020) [54].

Despite the high variability in utilization rates within
and across health services, reductions did occur with var-
ying degrees of restoration over time. These reductions
in provision, access, and utilization of health services
represented an impediment towards universal coverage
of essential interventions, as seen in several LMICs [55].
Their effects may have been more severe amongst popu-
lations living in fragile and conflict-affected settings.

Data availability limited our analysis. The existence of two
separate COVID-19 line lists introduced variability from
the beginning and likely led to discrepancies and delays.
Official numbers of reported cases as of March 31, 2021,
ranged from 5161 [1] [Johns Hopkins University] through
5285 [33] [MoH] up to 6316 [56] or 6360 [30] [both WHO),
highlighting inconsistencies in reporting. Other inaccura-
cies cannot be excluded. Accurate population data are not
readily available in CAR, as the last census occurred in
2003. Displacement data are often outdated as internal dis-
placement is very fluid. As much as possible, the existence
and the size of targeted displacement sites in the household
survey were verified by field teams. However, certain large
displacement sites were found empty in Bimbo and could
not be replaced, leading to an increased margin of error
for IDPs. Without a functioning electronic health informa-
tion system, reporting disruptions and archiving issues may
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have contributed to varying levels of completeness across
years and districts. Heterogeneity was high for some indi-
cators and districts, as several factors likely affected health
service provision during the study period. Furthermore, a
fundamental assumption of interrupted time series is that,
had the COVID-19 pandemic not happened, the long-term
trends observed in the pre-COVID period would have
continued. We cannot rule out that other events, such as
attacks on health care or generalized conflict, may have
affected the evolution of indicators during the study period.
The parametric model we used assumed the COVID-19
effects could be captured with terms for immediate change
and change in slope. However, the COVID-19 effects may
have varied throughout the study period as different miti-
gation strategies were implemented. Finally, results from
Bangui and surrounding areas are likely not generalizable
to other urban or rural areas, given CAR’s strong regional
differences in terms of service availability, access, popula-
tion behavior, and security situation. Primary data collec-
tion was conducted more than one year after the end of
COVID-19 restrictions in CAR and several months after
a second wave of COVID-19 infections where there were
no government restrictions. Recall and social desirability
biases can, therefore, not be excluded. FGDs participants
were purposively selected by IMPACT, likely introducing a
bias.

Conclusions

A large underestimation of infections and decreased
health care utilization characterized the first year of the
COVID-19 pandemic in Bangui and surrounding area.
Improved decentralized testing capacity and enhanced
efforts to maintain health service utilization will be cru-
cial for future epidemics. A better understanding of
health care access is needed, which will require strength-
ening the national health information system to ensure
reliable and complete data and further research on how
public health measures interact with security constraints.

Abbreviations

ACF Action Contre la Faim

ANC1 Antenatal care first visit

BCG Bacille Calmette-Guerin vaccine
CAR Central African Republic

@ Confidence interval

COVID-19  Coronavirus Disease 2019

FGD Focus group discussion

HCWs Health care workers

IP Institut Pasteur

IPC Infection prevention and control
IRB Institutional review board

IRR Incidence rate ratio

LMICs Low- and middle-income countries
LNBCSP  Laboratoire National de Biologie Clinique de Santé Publique
MoH Ministry of Health

OPD Outpatient Department
RTI Respiratory tract infections



Altare et al. Conflict and Health (2023) 17:24

Td Tetanus-diphtheria
WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513031-023-00523-y.

[ Additional file 1. Additional methods and results. }

Acknowledgements

We would like to thank the USAID's Bureau of Humanitarian Assistance for
funding this work. We would like to thank all enumerators who made this
study possible by collecting routine health data from monthly health facility
reports as well as by interviewing community members and conducting focus
group discussions. We thank the CAR Ministry of Health for granting access

to the data. Thank you to Natalia Hernandez Morfin for her support with the
analysis.

IMPACT CAR Team Ugo Semat, Melissa Pointet, Sarah McArthur, Samuel Carca-
nague, Ana Tolosa, Rodrigue Biguioh

Author contributions

CAL and PS conceptualized the study, led the analysis and obtained funding.
CAL, CAN, PA, AAAA, FG, SB, IMPACT CAR Team coordinated the implementa-
tion of all study activities, including data collection. FG, NK, and the IMPACT
CAR team collected, managed and analyzed data. CAL wrote the first draft of
the manuscript. PS, FG, NK, AAAA, CAN, SB provided inputs to the first draft.
CAL finalized the paper. All authors reviewed the manuscript.

Funding

Funds for this research were provided by the Bureau for Humanitarian Assis-
tance, US Agency for Development (https://www.usaid.gov/); Grant Number
720FDA20GR00228. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials

The COVID-19 line lists and routine health data were accessed after obtaining
ethical clearance and governmental authorization in CAR. Access should be
requested from CAR MoH. Household survey data can be made available
upon request to the authors (humanithealth@jhu.edu) once main analyses are
concluded and upon submission of a concept note.

Declarations

Ethics approval and consent to participate

Johns Hopkins Bloomberg School’s institutional review board (IRB) deter-
mined the components of this study using secondary data (COVID-19
epidemiology, change in health care utilization and perceptions of health
care providers) to be non-human subject research (IRB 14719). National
authorization to access the health information system was obtained from the
MoH (letter 065 MSP/DIRCAB/CTC-19/AA/20). The primary data component
was determined by Johns Hopkins Bloomberg School’s IRB as human subject
research and received IRB approval 15447. In country IRB was obtained from
the Ethical and scientific committee of the University of Bangui on May 17,
2021. Participation in the surveys and focus group discussions was voluntary.
Only consenting adult respondents were included.

Consent for publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details

Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA.
2Johns Hopkins Center for Humanitarian Health, Baltimore, MD, USA. *Action
Contre la Faim, Bangui, Central African Republic. 4MPACT Initiative, Geneva,
Switzerland. > Action Contre la Faim, Paris, France.

Page 12 of 13

Received: 23 March 2023 Accepted: 16 May 2023
Published online: 20 May 2023

References

1. Johns Hopkins Coronavirus Resource Center. COVID-19 Dashboard,
https://coronavirusjhu.edu/map.html (2020, accessed 12 May 2021).

2. Cameron E, Nuzzo JB, Bell J. Global Health Security Index, https://www.
ghsindex.org (2019).

3. IFRC, IOM, UNHCR, et al. Interim Guidance on Scaling-up COVID-19 Out-
break Readiness and Response Operations in camps and camp-like settings.
Geneva, https:/interagencystandingcommittee.org/other/interim-guida
nce-scaling-covid-19-outbreak-readiness-and-response-operations-
camps-and-camp (2020).

4. Lau LS, Samari G, Moresky RT, et al. COVID-19 in humanitarian settings
and lessons learned from past epidemics. Nat Med. 2020,26:647-8.

5. Gilbert M, Pullano G, Pinotti F, et al. Preparedness and vulnerability of
African countries against importations of COVID-19: a modelling study.
Lancet. 2020;395:871-7.

6. Truelove S, Abrahim O, Altare C, et al. The potential impact of COVID-19in
refugee camps in Bangladesh and beyond: a modeling study. PLOS Med.
2020. https://doi.org/10.1371/journal.pmed.1003144.

7. United Nations Office for Coordination of Humanitarian Affairs (OCHA).
COVID-19 Pandemic in Locations with a Humanitarian Response Plan, https://
datahumdata.org/event/covid-19 (2020, accessed 21 November 2020).

8. Tessema SK, Nkengasong JN. Understanding COVID-19 in Africa. Nat Rev
Immunol. 2021;21:469-70.

9. Adams J, MacKenzie MJ, Amegah AK, et al. The Conundrum of Low
COVID-19 Mortality Burden in sub-Saharan Africa: Myth or Reality? Glob
Heal Sci Pract. 2021,9:433-43.

10. Bergeril, Whelan MG, Ware H, et al. Global SARS-CoV-2 seroprevalence
from January 2020 to April 2022: A systematic review and meta-analysis
of standardized population-based studies. PLOS Med. 2022;19: e1004107.

11. Musa H, Musa T, Musa |, et al. Addressing Africa’s pandemic puzzle: Per-
spectives on COVID-19 transmission and mortality in sub-Saharan Africa.
Int J Infect Dis. 2021;102:483-8.

12. Elston JWT, Cartwright C, Ndumbi P, et al. The health impact of the
2014-15 Ebola outbreak. Public Health. 2017;143:60-70.

13. Spiegel P, Ratnayake R, Hellman N, et al. Responding to epidemics in
large-scale humanitarian crises: a case study of the cholera response in
Yemen, 2016-2018. BMJ Glob Heal. 2019;4: e001709.

14. Singh NS, Abrahim O, Altare C, et al. COVID-19 in humanitarian settings:
documenting and sharing context-specific programmatic experiences.
Conflict Health. 2020. https://doi.org/10.1186/513031-020-00321-w.

15. Sabe SC. COVID-19: Myth or reality? Note on the case of the city of Bos-
sangoa (Central African Republic). Med Trop sante Int. 2021. https://doi.
0rg/10.48327/MTS1.2021.165.

16. Somse P, Eba PM. Lessons from HIV to Guide COVID-19 Responses in
the Central African Republic. Heal Hum Rights Journdal; 22, https://www.
unaids.org/en/resources/fact-sheet (2020, accessed 20 April 2022).

17. Gou Q, Zhu F, Xie K, et al. Response to COVID-19 in the Central African
Republic: Coping strategies combined with China’s experience. Int J
Public Health. 2022;,67:52.

18. Aborode AT, Akhtar S, Islam Z, et al. COVID-19 vaccine outreach in the
conflict zone of the Central African Republic. https://doi-org.proxy1.libra
ryjhu.edu/101080/1362369920211992833 2021; 37: 267-274.

19. United Nations Department of Economic and Social Affairs Population
Division. World Population Prospects. Custom data acquired via website,
https://population.un.org/wpp/DataQuery/ (2019, accessed 4 May 2022).

20. Wood SN. Fast stable restricted maximum likelihood and marginal likeli-
hood estimation of semiparametric generalized linear models. J R Stat
Soc Ser B Stat Methodol. 2011;73:3-36.

21. Balduzzi S, Ruicker G, Schwarzer G. How to perform a meta-analysis with
R:a practical tutorial. Evid Based Ment Health. 2019;22:153-60.

22. Gale NK, Heath G, Cameron E, et al. Using the framework method for the
analysis of qualitative data in multi-disciplinary health research. BMC Med
Res Methodol. 2013;13:117.


https://doi.org/10.1186/s13031-023-00523-y
https://doi.org/10.1186/s13031-023-00523-y
https://www.usaid.gov/
https://coronavirus.jhu.edu/map.html
https://www.ghsindex.org
https://www.ghsindex.org
https://interagencystandingcommittee.org/other/interim-guidance-scaling-covid-19-outbreak-readiness-and-response-operations-camps-and-camp
https://interagencystandingcommittee.org/other/interim-guidance-scaling-covid-19-outbreak-readiness-and-response-operations-camps-and-camp
https://interagencystandingcommittee.org/other/interim-guidance-scaling-covid-19-outbreak-readiness-and-response-operations-camps-and-camp
https://doi.org/10.1371/journal.pmed.1003144
https://data.humdata.org/event/covid-19
https://data.humdata.org/event/covid-19
https://doi.org/10.1186/s13031-020-00321-w
https://doi.org/10.48327/MTSI.2021.165
https://doi.org/10.48327/MTSI.2021.165
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/en/resources/fact-sheet
https://doi-org.proxy1.library.jhu.edu/101080/1362369920211992833
https://doi-org.proxy1.library.jhu.edu/101080/1362369920211992833
https://population.un.org/wpp/DataQuery/

Altare et al. Conflict and Health (2023) 17:24

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Barner M. hypegrammaR: A grammar of hypothesis test driven analysis,
https://rdrrio/github/mabafaba/hypegrammaR/ (2019, accessed 8
August 2022).

Barner M. koboquest: Reads and understands kobo questionnaires,
https://rdrrio/github/mabafaba/koboquest/ (accessed 8 August 2022).
Barner M. surveyweights: Calculate weights from sampling frames,
https://rdrrio/github/mabafaba/surveyweights/ (accessed 8 August
2022).

Salzberger B, Buder F, Lampl B, et al. Epidemiology of SARS-CoV-2. Infec-
tion. 2021;49:233-9.

Starke KR, Reissig D, Petereit-Haack G, et al. The isolated effect of age on
the risk of COVID-19 severe outcomes: a systematic review with meta-
analysis. BMJ Glob Heal. 2021;6: e006434.

Salajegheh Tazerji S, Shahabinejad F, Tokasi M, et al. Global data analysis
and risk factors associated with morbidity and mortality of COVID-19 %.
Gene Reports. 2022. https://doi.org/10.1016/j.genrep.2022.101505.
Manirakiza A, Malaka C, Yambiyo BM, et al. Very high relative seropreva-
lence of anti-SARS-CoV-2 antibodies among communities in Bangui,
Central African Republic. medRxiv. Epub ahead of print 21 November
2021. https://doi.org/10.1101/2021.11.18.21266496.

World Health Organization. Central African Republic - Statistics, https://
www.who.int/countries/caf/ (accessed 23 September 2022).

United Nations' Office for Coordination of Humanitarian Affairs (OCHA).
Central African Republic: Situation Report, 17 August 2021, https://reliefweb.
int/report/central-african-republic/central-african-republic-situation-
report-17-august-2021 (2021, accessed 23 January 2023).

United Nations Office for Coordination of Humanitarian Affairs (OCHA).
Two years after the Central African Republic confirmed the first COVID-19
case. Bangui, https://reports.unocha.org/en/country/car/card/31zOE
AosRF/ (2022, accessed 29 November 2022).

Ministere de la santé et de la population. Rapport de situation journaliere
de COVID-19 en république Centrafricaine - SitRep n 340, http://msp-centr
afrique.net/docs_pdf/SITE_REP/SITREP_N340du0104.2021.pdf (2021,
accessed 23 September 2022).

World Health Organization. Public health criteria to adjust public health
and social measures of COVID-19. Geneva, https://apps.who.int/iris/bitst
ream/handle/10665/332073/WHO-2019-nCoV-Adjusting_PH_measures-
Criteria-2020.1-eng.pdf?sequence=1&isAllowed=y (2020, accessed 23
September 2022).

Shapira G, Ahmed T, Drouard SHP, et al. Disruptions in essential health
services during the first five months of COVID-19: Analysis of facility-
reported service volumes in eight sub-saharan african countries. Health
Policy Plan. 2021;36:1140-51.

Adebisi YA, Rabe A, Lucero-Prisno DE. Risk communication and com-
munity engagement strategies for COVID-19 in 13 African countries. Heal
Promot Perspect. 2021;11:137.

Ahmed Tl, Roberton T, Vergeer P, et al. Healthcare utilization and maternal
and child mortality during the COVID-19 pandemic in 18 low- and
middle-income countries: an interrupted time-series analysis with math-
ematical modeling of administrative data. PLOS Med. 2022;19: €1004070.
Arsenault C, Gage A, Kim MK, et al. COVID-19 and resilience of heathcare
systems in ten countries. Nat Med. 2022;28:1314-24.

Kotiso M, Qirbi N, Al-Shabi K, et al. Impact of the COVID-19 pandemic on
the utilisation of health services at public hospitals in Yemen: a retrospec-
tive comparative study. BMJ Open. 2022;12:47868.

Kamoga MRN. Covid-19: Patient voices and perspectives in Uganda - The
BMJ. The BMJ Opinion, https://blogs.bmj.com/bmj/2020/08/06/covid-19-
patient-voices-and-perspectives-in-uganda/ (2020, accessed 19 August
2022).

Adu PA, Stallwood L, Adebola SO, et al. The direct and indirect impact of
COVID-19 pandemic on maternal and child health services in Africa: a
scoping review. Glob Heal Res Policy. 2022;7:1-14.

Singh DR, Sunuwar DR, Shah SK, et al. Impact of COVID-19 on health ser-
vices utilization in Province-2 of Nepal: a qualitative study among com-
munity members and stakeholders. BMC Health Serv Res. 2021;21:1-14.
Tibbels N, Hendrickson Z, Mills H, et al. The Salience of trust to the client-
provider relationship in post-ebola guinea: findings from a qualitative
study. Glob Heal Sci Pract. 2022. https://doi.org/10.9745/GHSP-D-21-
00429/-/DCSUPPLEMENTAL.

United Nations Office of Humanitarian Affairs. Apercu des besoins humani-
taires: République centrafricaine, https://www.humanitarianresponse.info/

Page 13 of 13

sites/www.humanitarianresponse.info/files/documents/files/hno_car_
2022_final.pdf (October 2021, accessed 17 August 2022).

45. Blanchet K, Nam SL, Ramalingam B, et al. Governance and capacity to
manage resilience of health systems: towards a new conceptual frame-
work. Int J Heal policy Manag. 2017,6:431-5.

46. Nguyen QT, Dao TL, Pham TD, et al. Effect of the COVID-19 outbreak
on the incidence of other respiratory and gastrointestinal infections
in children in Thai Binh, Vietnam in 2020. J Epidemiol Glob Health.
2022;12:182-7.

47. Burt JF, Ouma J, Lubyayi L, et al. Indirect effects of COVID-19 on maternal,
neonatal, child, sexual and reproductive health services in Kampala.
Uganda BMJ Glob Heal. 2021;6:6102.

48. Wambua S, Malla L, Mbevi G, et al. Quantifying the indirect impact of
COVID-19 pandemic on utilisation of outpatient and immunisation ser-
vices in Kenya: a longitudinal study using interrupted time series analysis.
BMJ Open. 2022;12:55815.

49. Loevinsohn G, Hamahuwa M, Hardick J, et al. Respiratory viruses in rural
Zambia before and during the COVID-19 pandemic. Trop Med Int Heal.
2022;27:647-54.

50. Ye Q Wang D. Epidemiological changes of common respiratory viruses in
children during the COVID-19 pandemic. J Med Virol. 2022;,94:1990-7.

51. Altare C, Kostandova N, OKeeffe J, et al. COVID-19 epidemiology and
changes in health service utilization in Uganda'’s refugee settlements
during the first year of the pandemic. BMC Public Heal. 2022;22:1-16.

52. Altare C, Kostandova N, Okeeffe J, et al. COVID-19 epidemiology and
changes in health service utilization in Azraq and Zaatari refugee camps
in Jordan: a retrospective cohort study. PLOS Med. 2022;19: e1003993.

53. HoLL, Gurung S, Mirza |, et al. Impact of the SARS-CoV-2 pandemic on
vaccine-preventable disease campaigns. Int J Infect Dis. 2022;119:201-9.

54. World Health Organization, United Nations’ Children’s Fund. Immuniza-
tion repository, https://www.who-immunization-repository.org.

55. Amouzou A, Maiga A, Faye CM, et al. Health service utilisation during
the COVID-19 pandemic in sub-Saharan Africa in 2020: a multicountry
empirical assessment with a focus on maternal, newborn and child
health services. BMJ Glob Heal. 2022,7: e008069.

56. World Health Organization. Central African Republic: WHO Coronavirus
Disease (COVID-19) Dashboard With Vaccination Data | WHO Coronavirus
(COVID-19) Dashboard With Vaccination Data, https://covid19.who.int/
region/afro/country/cf (accessed 23 September 2022).

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://rdrr.io/github/mabafaba/hypegrammaR/
https://rdrr.io/github/mabafaba/koboquest/
https://rdrr.io/github/mabafaba/surveyweights/
https://doi.org/10.1016/j.genrep.2022.101505
https://doi.org/10.1101/2021.11.18.21266496
https://www.who.int/countries/caf/
https://www.who.int/countries/caf/
https://reliefweb.int/report/central-african-republic/central-african-republic-situation-report-17-august-2021
https://reliefweb.int/report/central-african-republic/central-african-republic-situation-report-17-august-2021
https://reliefweb.int/report/central-african-republic/central-african-republic-situation-report-17-august-2021
https://reports.unocha.org/en/country/car/card/3lzOEAosRF/
https://reports.unocha.org/en/country/car/card/3lzOEAosRF/
http://msp-centrafrique.net/docs_pdf/SITE_REP/SITREP_N340du0104.2021.pdf
http://msp-centrafrique.net/docs_pdf/SITE_REP/SITREP_N340du0104.2021.pdf
https://apps.who.int/iris/bitstream/handle/10665/332073/WHO-2019-nCoV-Adjusting_PH_measures-Criteria-2020.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/332073/WHO-2019-nCoV-Adjusting_PH_measures-Criteria-2020.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/332073/WHO-2019-nCoV-Adjusting_PH_measures-Criteria-2020.1-eng.pdf?sequence=1&isAllowed=y
https://blogs.bmj.com/bmj/2020/08/06/covid-19-patient-voices-and-perspectives-in-uganda/
https://blogs.bmj.com/bmj/2020/08/06/covid-19-patient-voices-and-perspectives-in-uganda/
https://doi.org/10.9745/GHSP-D-21-00429/-/DCSUPPLEMENTAL
https://doi.org/10.9745/GHSP-D-21-00429/-/DCSUPPLEMENTAL
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hno_car_2022_final.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hno_car_2022_final.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/hno_car_2022_final.pdf
https://www.who-immunization-repository.org
https://covid19.who.int/region/afro/country/cf
https://covid19.who.int/region/afro/country/cf

	The first year of the COVID-19 pandemic in humanitarian settings: epidemiology, health service utilization, and health care seeking behavior in Bangui and surrounding areas, Central African Republic
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study setting
	Study design and objectives
	Data sources and study outcomes
	Analytical approach

	Results
	Discussion
	Conclusions
	Anchor 16
	Acknowledgements
	References


