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Abstract
Background  The COVID-19 pandemic had a profound impact on healthcare systems and services, including routine 
immunization (RI). To date, there is limited information on the effects of the COVID-19 pandemic on RI in West 
African countries such as Sierra Leone, which had already experienced public health emergencies that disrupted its 
healthcare system. Here, we describe the impact of the COVID-19 pandemic on the RI of key antigens in Sierra Leone.

Methods  We used vaccination data from the District Health Information System for BCG, measles-rubella 1 and 2, 
and pentavalent 1 and 3 antigens. We compared 2019, 2020, 2021, and 2022 annual coverage rates for the selected 
antigens at the national and district levels. We used the Pearson chi-square test to assess the difference between 
annual coverage rates between 2019 and 2020, 2020–2021, and 2021–2022.

Results  National coverage rates for all antigens declined in 2019–2020, notably measles-rubella 1 and pentavalent 
3 (-5.4% and − 4.9%). Between 2020 and 2021, there was an overall increase in coverage (+ 0.2% to + 2.5%), except 
for measles-rubella 2 (-1.8%). Measles-rubella antigens rebounded in 2021–2022, while others decreased between 
− 0.5 and − 1.9% in coverage. Overall, all district-level coverage rates in 2022 were lower than those in 2019. Most 
districts decreased between 2019 and 2022, though a few had a continuous increase; some had an increase/recovery 
between 2020 and 2021; some districts had recovered 2019 levels by 2022.

Conclusion  The COVID-19 pandemic impacted Sierra Leone’s national BCG, measles-rubella, and pentavalent antigen 
immunization, which were not fully restored in 2022. Most districts experienced notable coverage declines during 
the pandemic, though a few reached or surpassed 2019 rates in 2022. Examining pandemic impact can benefit from 
a focus beyond the national level to identify vulnerable regions. Sierra Leone’s post-pandemic RI reestablishment 
needs targeted strategies and continual investments for equitable access and coverage, as well as to prevent vaccine-
preventable diseases.

Keywords  COVID-19, Pandemic, Routine immunization, Vaccination coverage rate, BCG vaccine, Bacillus calmette–
guérin, Measles-Rubella, Pentavalent vaccine, Health Information system, Public health emergencies, Sierra leone
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Background
Worldwide, the coronavirus disease (hereafter, COVID-
19), an infectious disease caused by the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [1], 
had a profound impact on healthcare systems and ser-
vices, including routine immunization [2]. As of 11 Feb-
ruary 2024, approximately 774,631,444 infections and 
7,031,216 deaths from the coronavirus disease have been 
reported globally [3]. The pandemic disrupted reproduc-
tive, maternal, and child health interventions, and with 
lock-downs and traveling restrictions to curtail infec-
tions, routine immunization (RI) became especially chal-
lenging [2, 4]. Recent studies have evidenced the impact 
of COVID-19 pandemic on vaccination coverage in chil-
dren under 24 months in countries like Italy, Canada, the 
United States of America [5–7], as well as in a few low 
and middle-income countries [4, 8–10]. In the latter, 
special attention is needed to avoid reversing the prog-
ress against vaccine-preventable diseases (VPDs) such as 
measles [11]. In the African continent, it was estimated 
that before the COVID-19 pandemic, one out of every 
five children did not receive the recommended child-
hood vaccinations [12]). Such pre-pandemic status rein-
forces the need to assess the impact of the pandemic and 
the measures instituted to curb infections on vaccination 
coverage.

Over the last three decades, Sierra Leone has experi-
enced multiple public health emergencies in its history: 
a civil war (1991 to 2002) [13], an Ebola outbreak (2014 
to 2015) [14], severe flooding (2017) [15], and, most 
recently, the COVID-19 pandemic [16]. It is reported that 
the previous emergencies in Sierra Leone led to a drop 
in fully immunized children, from 68% in 2013 to 56% 
in 2019 [17]. During the COVID-19 pandemic, the Gov-
ernment of Sierra Leone activated the National Public 
Health Emergency Operation Centre Level 2 to prevent 
the entrance of the SARS-CoV-2 virus [18]. Despite this 
multi-sectorial response, Sierra Leone detected its first 
COVID-19 case on 31 March 2020 [16]. In countries like 
Sierra Leone, the impact of the COVID-19 pandemic on 
RI could have compounded effects as they were work-
ing on rebuilding their health systems and infrastruc-
ture after previous public health emergencies. To date, 
the extent of the impact of the pandemic on RI in Sierra 
Leone remains unquantified. Addressing this knowledge 
gap is key to informing stakeholders on developing evi-
dence-based strategies and policies for RI protocols dur-
ing public health emergencies, re-establishing RI efforts 
based on coverage gaps, and assessing the risk of VPDs. 
In this study, our goal is to assess the COVID-19 effect on 
the coverage of key vaccines in Sierra Leone. We analyze 
this impact on vaccination coverage at both national and 
district levels, focusing on the Bacillus Calmette–Guérin 

(BCG), measles-rubella 1 and 2, and pentavalent 1 and 3 
antigens.

Methods
Design and study setting
We used data from the District Health Information 
Software 2 (DHIS2) to retrieve vaccination data at the 
national and district levels in Sierra Leone. For this study, 
we considered the BCG, measles-rubella, and pentava-
lent antigens because they are used as indicators to deter-
mine whether children have acquired full immunity [19]. 
Moreover, these antigens serve as a proxy for the other 
antigens that are simultaneously administered to the 
same target population [20].

We decided to focus on analyzing changes in coverage 
rates for the years 2019, 2020, 2021, and 2022 because 
these covered the acute period of COVID-19 infec-
tions as well as a “post-pandemic” period. This time-
span would allow us to compare the change in coverage 
rates during the peak of the pandemic with those after-
ward. We performed comparisons using the Pearson 
chi-square test for two-year time intervals: 2019–2020, 
2020–2021, and 2021–2022. This comparison of two-year 
time intervals was performed for annual coverage rates at 
the national level as well as for each of the 16 districts in 
Sierra Leone. Due to the order of magnitude in the num-
ber of doses and the target population, even small dif-
ferences in coverage rates of antigens will likely result in 
statistical significance. To avoid this bias using p-values 
to assess the relevance of results, we focus on presenting 
and discussing the effect sizes instead.

Data source
The source of routine immunization data was the Dis-
trict Health Information Software 2 (DHIS2) [21]. The 
DHIS2 is a global system used to manage health data, 
with reports at the facility, district, and national level 
[22]. It is the data repository used by all health facilities 
in Sierra Leone. Its record for Sierra Leone goes back to 
2012 [23]. At the health facility level, routine immuni-
zation data of children younger than twelve months old 
are captured individually and recorded in the facility’s 
register. Monthly, the immunization data of each facility 
are aggregated and entered into DHIS2 by a monitoring 
and evaluation officer. For Sierra Leone, the DHIS2 is the 
most comprehensive source of RI data and it is used by 
clinicians, public health professionals, and academics.

Data extraction
We extracted from the DHIS2 the annual total number 
of doses administered for BCG, measles-rubella 1 and 2, 
and pentavalent 1 and 3 for 2019, 2020, 2021, and 2022 
for each district in Sierra Leone [21]). To extract the 
data from the DHIS2, we selected the “immunization” 
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element. These data represent the vaccination doses. We 
then selected the key antigens (BCG, measles-rubella 
1 and 2, pentavalent 1 and 3) and specified the year of 
interest by selecting every month in 2019, 2020, 2021, 
and 2022. After selecting the period, we designated the 
“organizational units.” This specifies the aggregation level 
of the data: national or district-level data, in our case. 
Once we selected these features in the DHIS2 system, 
we set organizational units (national, then districts) as 
rows and years as columns. The data was downloaded in 
Microsoft Excel format. After downloading the DHIS2 
vaccination data, we merged it with the projected popu-
lation data for each year.

We extracted the size of the target population for each 
focus year in this study from the 2015 population base 
census projection [24]. We extracted the live birth popu-
lation from the 2015 population projection at the district 
and national levels to calculate coverage for BCG, and the 
surviving infant population projection to calculate the 
coverages for measles-rubella 1 and 2, and pentavalent 1 
and 3 coverage. In Sierra Leone, the live birth population 
accounts for 4% of the total population, and the surviving 
infants account for 3.7% of the total population per each 
year [20].

Data Management
Data files used in this study did not contain any private 
information such as patient or facility names. The raw 
files as well as the complete dataset used for our analyses 
were kept in MS Excel format and protected by password 
in a secure cloud storage system. Only authors conduct-
ing the data analyses and developing visualizations were 
granted access to the complete dataset.

Operational definition
Coverage rate is defined as the proportion of children 
who received the prescribed dose of a vaccine per spe-
cific target population [19].

Live birth (BCG target population) is defined as the 
child alive extracted from its mother, regardless of the 
duration of the pregnancy [25].

Surviving infants (measles-rubella and pentavalent tar-
get population) are defined as children who survive their 
first year after birth [26].

Data analysis
The annual coverage rate was computed as the propor-
tion of the total number of doses administered per spe-
cific antigen divided by the target population per year 
[19]. This was calculated for each of the focus antigens at 
the national level as well as for each of the 16 districts in 
Sierra Leone.

For the national-level analysis of changes in annual 
coverage rates of BCG, measles-rubella 1 and 2, and 

pentavalent 1 and 3, we compared 2019 to 2020 rates; 
2020 to 2021; and 2021 and 2022. We used Pearson’s chi-
square test to assess whether the differences in annual 
coverage rates were independent of each other using the 
R-software, version 4.2.0 [27]. Because the size of the tar-
get population and the number of vaccine doses adminis-
tered nationally are large, all differences in the chi-square 
test will likely be significant at the third level (p < 0.001). 
Therefore, we focused our discussion on the changes in 
annual coverage rates between the focus years. We pres-
ent changes in coverage rates at national dumbbell plots 
developed in R v4.2.0 [27]. A table with the data on doses, 
target population, coverage rates, and the outcome of 
comparing rates between years using Pearson’s chi-
square test is available in Additional Information (Sup-
plementary Table 1).

To assess the change in BCG, measles-rubella 1 and 
2, and pentavalent 1 and 3 immunization at the district 
level, we first calculated the annual coverage rates for 
2019, 2020, 2021, and 2022 for each district. This was 
done by dividing the number of doses in that district 
(obtained from the DHIS2) by the (projected) target 
population in that year. In some instances, this led to a 
district-level annual coverage rate > 100% because the 
number of doses administered was greater than the target 
population projected for that district, for that year. This is 
a known artifact when working with projections of popu-
lation data. We did not cap or correct coverages > 100% 
estimates as done in other studies [28]. We consider these 
districts with likely a high level of vaccination coverage, 
but not fully vaccinated.

At the district level, we focused on analysing the trends 
in coverage rates between 2019 and 2022. This allowed us 
to determine if coverage of any antigen in any district has 
changed and whether it recovered to 2019 levels in 2022. 
We also conducted the two-year interval comparison 
using Pearson’s chi-square test for each antigen, for each 
district. In the main body of this article, we present time 
series matrixes for BCG, measles-rubella 1, and pentava-
lent 1 coverage rates at the district level, developed in R 
v4.2.0 [27]. For all antigens, tables with the district-level 
data on doses, target population, coverage rates, and the 
outcome of comparing rates between years are available 
in Additional Information (Supplementary Tables 2–6).

Data validation
We explored different sources to validate the immuniza-
tion data used for this study. The global databases avail-
able, namely the SLDHS 2019 (17) and the WUENIC 
database [29], were not deemed suitable for data valida-
tion. The information available in SLDHS 2019 is limited 
to 2018, prior to the focus years of this study. The esti-
mates of the WUENIC database for Sierra Leone only 
cover the BCG antigen and are not fully independent 
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because they are based on reported data. The reported 
data in WUENIC is the same as the one uploaded to the 
DHIS2. The survey data available in WUENIC only cov-
ered the BCG antigen for the year 2019 at the national 
level. This is not sufficient for data validation.

At the district level, we found a recent study with esti-
mates on vaccination coverage for our key antigens [30]. 
They studied the immunization of children aged 10–23 
months in the districts of Bombali, Tonkolili, and Port 
Loko in Sierra Leone. We intended to do a partial data 
validation of our findings using the coverages reported in 
that study. However, we could not do the data validation 
as the study reported metrics of fully immunized chil-
dren only while this study reports antigens-specific cov-
erage rates.

Results
Changes in vaccination coverage at the national level
Between 2019 and 2020, BCG, measles-rubella 1 and 
2, and pentavalent 1 and 3 showed a decrease in cover-
age rate (Fig.  1a). Measles-rubella 1 showed the great-
est decrease (-5.4%) followed by pentavalent 3 (-4.9%) 
and BCG vaccine (-4.6%). Between 2020 and 2021, all 
antigens showed a moderate increase in annual cover-
age rate, except measles-rubella 2 (Fig.  1b). Measles-
rubella 2 decreased coverage by -1.8%. BCG exhibited 
the greatest increase in annual coverage with + 2.5% in 
2021, compared to 2020. The coverage of pentavalent 3 
increased by + 1.5%. Measles-rubella 1 and pentavalent 
1 increased coverage by < 1%. Between 2021 and 2022, 
only the measles-rubella antigens showed an increase in 
coverage (+ 3.9% and + 5.8%, for measles-rubella 1 and 2, 
respectively, Fig. 1c). Pentavalent 1 and 2 antigens had a 
decrease of -1.9 and − 1.2% in 2022, respectively, com-
pared to 2021 levels. The BCG had a slight decrease of 
-0.5%.

None of the antigens showed a consistent decrease or 
increase in annual coverage throughout the four years 
(2019 to 2022, Fig.  1). Only the measles-rubella 1 anti-
gen shows an increase in annual coverage since 2020. 
Even so, the national annual coverage for measles-rubella 
1 in 2022 was lower than that recorded in 2019 (92.5% 
and 93.8%, respectively). For BCG, measles-rubella 2, and 
both pentavalent antigens there was no consistent recov-
ery in annual coverage since 2020. For all antigens, the 
annual coverages in 2022 were lower than those in 2019. 
Overall, BCG and measles-rubella 2 show a relatively low 
coverage since 2019 (between 76 and 73%, Fig. 1).

Change in annual coverage rate in Sierra Leone’s districts
For BCG, the majority of districts in Sierra Leone showed 
a decrease in annual coverage rate from 2019 to 2022 
(Fig.  2). Six districts (Bo, Falaba, Kambia, Karene, Ken-
ema, and Kono) showed a consistent, sustained decrease 

in BCG coverage between 2019 and 2022. The major-
ity of districts had a decrease in BCG coverage between 
2019 and 2020. Only three districts showed an increase 
in BCG coverage in 2019–2020: Bonthe, Koinadugu, and 
Pujehun. For the rest, this period resulted in a decrease in 
coverage. Though the overall pattern showed a decrease 
in annual coverage, Moyamba and Tonkolili showed 
some increase in coverage between 2020 and 2022 
(Fig. 2k, n). Only six of the 16 districts had an increase in 
BCG annual coverage that resulted in 2022 values being 
greater than those in 2019 (Supplementary Table 2). 
These districts are Bonthe, Kailahun, Koinadugu, Puje-
hun, and the Western Area Rural and Urban (Fig. 2, pan-
els with blue lines).

The majority of districts in Sierra Leone showed a 
decrease in vaccination coverage for measles-rubella 
1 between 2019 and 2020 (Fig.  3). Seven districts (Bo, 
Bombali, Falaba, Kambia, Karene, Kenema, and Tonko-
lili) showed a consistent, sustained decrease in measles-
rubella 1 coverage between 2019 and 2022. Four districts, 
including Bombali, Bonthe, Kono, and Pujehun, had 
increased coverage between 2019 and 2020. During the 
COVID-19 pandemic era (2020 and 2022), almost half of 
all districts in Sierra Leone (Bonthe, Kailahun, Karene, 
Koinadugu, Port Loko, Western Area Rural, and Western 
Area Urban) showed a sustained increase (Fig. 3, panels 
with blue lines). Half of the Sierra Leone districts reached 
2019 coverage rates in 2022, (namely Bonthe, Kailahun, 
Koinadugu, Kono, Port Loko, Pujehun, Western Area 
Rural and Urban) (Supplementary Table 3).

Regarding Pentavalent 1, the majority of the districts 
showed a decrease in vaccination coverage between 
2019 and 2020 (Fig. 4). Within the same period, five dis-
tricts (Bonthe, Kailahun, Kono, Port Loko, and Pujehun) 
showed an increase in annual pentavalent 1 coverage. 
During the COVID-19 pandemic era (2020 and 2022), 
six districts (Bo, Falaba, Kambia, Karene, Kenema, and 
Tonkolili) showed a consistent, sustained decrease in 
pentavalent 1 coverage. While four of the districts (Kai-
lahun, Pujehun, Western Area Rural, and Western Area 
Urban) show an increase in pentavalent 1 coverage. Only 
six districts reached 2019 coverage in 2022 (namely, 
Bonthe, Kailahun, Koinadugu, and Pujehun) (Fig. 4, pan-
els with blue lines).

Between 2019 and 2022, there seemed to be no con-
sistent geographical pattern in the changes in coverage 
rates for any of the BCG, measles-rubella 1, and pentava-
lent 1 antigens. Districts in provinces further away from 
the capital did not consistently show decreases in annual 
coverages of the focus antigens. What is evident in the 
district time series is how all but two districts show con-
sistent decrease or increase in annual coverage for BCG, 
measles-rubella 1, and pentavalent 1 antigen between 
2019 and 2022. Kono and Port Loko districts, both in 
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Fig. 1  Changes in annual coverage rates at the national level. Each panel presents the change comparison between the focus years: (a) 2019–2020, (b) 
2020–2021, and (c) 2021–2022. The difference between each comparison is presented on the right-hand side of the plot. Red lines and values represent 
a decrease in annual coverage; blue means an increase. All values are in percentage points of the annual coverage rate (%)
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Fig. 2  BCG mean annual coverage rates between 2019 and 2022 in Sierra Leone’s districts. Each panel presents the mean annual coverage rates of all 
districts: the focus district is presented in colour, and all others in grey. Red points and lines sign signify that the 2022 coverage rate is below the 2019 
value; blue is the opposite. Some coverages exceeded 100% because the vaccination doses administered exceeded the target population projected for 
that district for that year
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Fig. 3  Measles-rubella 1 mean annual coverage rates between 2019 and 2022 in Sierra Leone’s districts. Each panel presents the mean annual coverage 
rates of all districts: the focus district is presented in colour, and all others in grey. Red points and lines signify that the 2022 coverage rate is below the 
2019 value; blue is the opposite. Some coverages exceeded 100% because the vaccination doses administered exceeded the target population projected 
for that district for that year
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Fig. 4  Pentavalent 1 mean annual coverage rates between 2019 and 2022 in Sierra Leone’s districts. Each panel presents the mean annual coverage rates 
of all districts: the focus district is presented in colour, and all others in grey. Red points and lines signify that the 2022 coverage rate is below the 2019 
value; blue is the opposite. Some coverages exceeded 100% because the vaccination doses administered exceeded the target population projected for 
that district for that year
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different provinces of Sierra Leone, show a 2022 coverage 
rate of measles-rubella 1 greater or equal to that in 2019 
(Figs.  2 and 3, and 4, panels j and l). For all other dis-
tricts, the patterns on whether they recovered the 2019 
annual coverage levels by 2020 were conserved for BCG, 
measles-rubella 1 and 2, and pentavalent 1 and 3 (Supple-
mentary Tables 2,3,4,5, and 6).

Discussion
This study shows that the annual coverage for BCG, 
measles-rubella 1 and 2, and pentavalent 1 and 3 anti-
gens declined as expected during COVID-19 pandemic 
and how, at the national level, these coverage rates had 
not been recovered by the end of 2022. Consistent with 
the national pattern, such decreases were also evident 
for most districts in Sierra Leone. For the majority of 
districts in Sierra Leone, the 2019 annual coverage rates 
of BCG, measles-rubella 1, and pentavalent 1 were not 
recovered by 2022. There was no evident geographical 
pattern in the changes in annual coverage at the district 
level regarding provinces.

The decrease in annual coverage rates between 2019 
and 2020 were as expected. During the peak period of 
the COVID-19 pandemic, the Government of Sierra 
Leone diverted resources and implemented several 
control strategies to halt the spread of the COVID-19 
virus [30]. The implementation of these strategies dis-
rupted the operation of RI services, likely leading to the 
observed decrease in vaccination coverage [30]. Other 
studies in low- and middle-income countries in Africa 
have also shown such a decrease during the peak of the 
pandemic. For example, studies in Liberia [31] reported 
a decreased vaccination coverage of BCG, pentavalent, 
and measles antigens in the first six months of 2020 com-
pared to those in 2019. In Guinea [32], a study showed 
a drop from 95 to 77% median monthly coverage in the 
first months of 2020. The same drop is evident in coun-
tries in the global north [5–7].

This study also found that, between 2020 and 2021, all 
antigens recorded an increase in annual coverage, except 
measles-rubella 2. On March 8, 2021, the Government of 
Sierra Leone launched the COVID-19 vaccinations [33]. 
During the COVID-19 vaccination, healthcare workers 
were tasked to integrate RI service in the COVID-19 vac-
cination, and political leaders were tasked to dispel nega-
tive rumours about COVID-19 and RI uptake, among 
others [34]. The implementation of these measures may 
have contributed to the increase in annual RI coverage. A 
similar pattern was found in a study conducted in Gam-
bia, where, after the changes in coverage rates during 
the first and second wave of the pandemic, there was an 
increase in Hep0 and pentavalent 1 coverage before and 
after the third wave in 2021 [35]. The authors reported 
that RI services were integrated into the COVID-19 

vaccination campaign, likely contributing to the increase 
in coverage during the pandemic [35]. Both Sierra Leone 
and the Gambia share similar geographical features and 
healthcare system operations.

At the national level, by 2022 none of the focus antigens 
had reached the annual coverage levels in 2019. Even 
though Sierra Leone implemented several interventions 
to improve RI uptake [34], the already existing determi-
nant factors including poverty (56.7% of the population 
lived below $1.25 a day) [36] and low education (more 
than 80% illiterate) [37] worsened by the COVID-19 pan-
demic contributed to the low RI coverage in 2022 com-
pared to 2019. Because the annual coverage in 2022 did 
not recover in 2019, and the coverages were also below 
the EPI target (≥ 95%) (20), it is likely that the majority 
of children were vulnerable to VPD even before the pan-
demic, and their risk of infection further increased dur-
ing and after the pandemic. This finding is different from 
a study conducted on the status of Routine Immunization 
in The World Health Organization African Region Three 
Years into the COVID-19 Pandemic [38]. In that study, 
the authors reported MCV2 and HEPBB assessed at the 
national level recovered 2019 coverage in 2022.

Examining pandemic impact can benefit from a focus 
beyond the national level to identify vulnerable regions. 
Most districts in Sierra Leone had a consistent decrease 
in coverage rate between 2019 and 2022, though a few 
show an increase. And the districts with the greatest 
changes in coverage rates were not necessarily those 
farthest away from Freetown. For instance, the Western 
Area Urban District, which hosts the RI vaccination dis-
tribution center and recorded the first COVID-19 case, 
had a greater decrease in vaccination coverage compared 
with some districts located far away from the vaccination 
center, such as Pujehun district. To our knowledge, there 
is no straightforward explanation for the heterogeneity in 
vaccination coverage across districts in Sierra Leone. A 
qualitative or mixed-methods study across districts can 
help understand the reasons for the heterogeneity in RI 
vaccination coverage during the COVID-19 pandemic.

There seems to be some consistency between the dis-
tricts in Sierra Leone that did not recover 2019 coverage 
levels of BCG, measles-rubella 1, and pentavalent 1 by 
2022. Because the antigens are part of the same vaccina-
tion schedule plan [20], the challenges imposed by the 
pandemic coupled with the control measures instituted 
to stop the pandemic affected the uptake of RI vaccines 
equally. This finding is similar to a study conducted in 
Burkina Faso [39], where the authors reported consis-
tency for RI vaccine coverage, except for newly intro-
duced ones. Burkina Faso and Sierra Leone share similar 
geographical features.
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Limitation of study
We acknowledge a few limitations to the study. First, 
the uncertainty around the estimated size of the target 
population is used to calculate the annual coverage rate. 
We followed a standard protocol and used the projected 
population estimates derived from the updated 2015 
national population census held in Sierra Leone [24]. Bias 
in these projections as well as not accounting for changes 
in the target population during the pandemic might have 
influenced our findings, leading to an overestimation or 
underestimation of annual coverage rates at the national 
and district level.

Second, we relied on the reported DHIS2 data to calcu-
late coverage rates for the different antigens. The limited 
resources to routinely monitor the number of doses of 
data entered into the system and to perform comprehen-
sive quality checks at the health facility level could mean 
some inaccuracies in vaccination data. It is recognized 
that, because immunization coverage is measured on tar-
get, some health facilities could likely have overreported 
or underreported the number of doses given to meet 
their routine immunization target. Nonetheless, in Sierra 
Leone data entry errors are routinely picked up during 
the quarterly (by national EPI officers) and monthly (by 
district officers) checks. Though we cannot discard noise 
in the vaccination data, we trust our estimates are robust.

Finally, we focused on the changes in annual cover-
age rates for key antigens. The nature of the patterns we 
uncovered at national and district level will likely have 
different causes. Elucidating them would require a dif-
ferent multivariate analysis to characterize the effect of 
different factors on changes in coverage rates during the 
COVID-19 pandemic.

Implication of study findings
The decrease in annual coverage at the district and 
national level suggests a potential increased VPD out-
breaks [5, 9, 30, 40] if swift measures are not enacted to 
improve the coverage rate. Because Sierra Leone is chal-
lenged in rebuilding its healthcare system, the COVID-
19 pandemic disruption on RI uptake has reversed the 
progress made in improving RI vaccine uptake. At the 
individual level, the indirect costs such as transportation 
will increase tremendously, thereby affecting RI service 
utilization [41]. At the community level, stakeholders will 
be tasked with devising strategies such as community by-
laws to fight against future pandemics or outbreaks. The 
implementation of these strategies will potentially affect 
the supply and demand of RI services.

To enhance RI uptake during future public health 
emergencies, the Ministry of Health should provide 
an adequate stock of RI vaccines, provide incentives to 
healthcare workers for outreach services, and supple-
mental and mop-up campaigns should be implemented 

promptly and RI intensify. Additionally, stakeholders 
should train healthcare workers on responding to future 
public health emergencies, and use phone calls or text 
messages to remind caregivers of vaccination schedules 
[6]. In the medium or long term, stakeholders should 
develop pandemic and response protocols; and develop a 
platform to utilize private sector expertise and resources 
for policy development and implementation. Also, stake-
holders should develop electronic medical records to 
track defaulter children; and embed a performance-based 
system that is anchored on problem-solving, innovation, 
and transparency. Finally, set out a framework to under-
stand the needs and priorities during the pre-post crisis 
phases [6, 34, 42].

Conclusion
This study shows a decreased coverage for BCG, mea-
sles-rubella 1 and 2, and pentavalent 1 and 3 during the 
COVID-19 pandemic, with an incomplete recovery in 
2022 at the national and district levels. Regardless of 
when Sierra Leone reported its first COVID-19 case, 
post-pandemic RI establishment needs targeted and spe-
cific policies and mechanisms to support sustaining RI 
services, and continual investment for equitable access to 
vaccines as well as to prevent VPDs during future public 
health emergencies.

Abbreviations
COVID-19	� Corona Virus Disease 2019
SARS-CoV-2	� Severe acute respiratory syndrome coronavirus type two
RI	� Routine Immunization
RMNCH	� Reproductive, Maternal, and Child Health
VPD	� Vaccine preventable disease
DHIS 2	� District Health Information Software 2

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-19221-2.

Supplementary Material 1

Acknowledgements
The authors extend sincere thanks and appreciation to the academic staff 
of KIT Royal Tropical Institute, and the Ministry of Health in Sierra Leone for 
granting permission to use the RI data.

Author contributions
US [conceptualization, data analysis, and manuscript writing]; HMSC 
[conceptualization, manuscript editing, data analysis, data visualization design, 
and supervision]; GNG [conceptualization, review of manuscript]; JBK [review 
of manuscript]; UO [review of manuscript]; JSS [review of manuscript]; and MIB 
[conceptualization, review of manuscript, data analysis, and supervision].

Funding
Not applicable.

Data availability
The datasets generated during the current study are available as 
supplementary files submitted with this manuscript.

https://doi.org/10.1186/s12889-024-19221-2
https://doi.org/10.1186/s12889-024-19221-2


Page 11 of 12Sesay et al. BMC Public Health         (2024) 24:1795 

Declarations

Ethics approval and consent to participate
Because the data is aggregated and anonymized, approval by the Sierra 
Leone Ethics and Scientific Review Committee was not required for this study. 
However, permission was obtained from the Sierra Leone Ministry of Health 
for the use of the data for this study. The need for written informed consent 
was waived by the Ethics review committee of KIT Royal Tropical Institute, 
Amsterdam, The Netherlands. This waiver (S-188) was granted based on using 
only secondary, anonymized data aggregated at the district and national 
levels. The authors confirmed that the proposed research methods were 
carried out by the relevant guidelines and regulations stated in the waiver.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 May 2023 / Accepted: 21 June 2024

References
1.	 World Health Organization. Coronavirus disease (COVID-19) pandemic. [cited 

2022 Jul 30]. https://www.who.int/europe/emergencies/situations/covid-19.
2.	 Lassi ZS, Naseem R, Salam RA, Siddiqui F, Das JK. The impact of the COVID-19 

Pandemic on Immunization campaigns and programs: a systematic review. 
Int J Environ Res Public Health. 2021;18(3):988.

3.	 World Health Organization. WHO Coronavirus (COVID-19) Dashboard. [cited 
2022 Jun 28]. https://covid19.who.int.

4.	 Roberton T, Carter ED, Chou VB, Stegmuller AR, Jackson BD, Tam Y, et al. Early 
estimates of the Indirect effects of the Covid-19 pandemic on maternal and 
child mortality in low-income and Middle-Income countries: a modelling 
study. Lancet Glob Health. 2020;8(7):e901–8.

5.	 Contarino F, Di Pietro E, Randazzo C, Contrino ML. Childhood immuniza-
tion coverage during the COVID-19 pandemic in the province of Siracusa, 
Italy. 2022 [cited 2024 Feb 10]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC9986988/.

6.	 Sell H, Assi A, Driedger SM, Dubé È, Gagneur A, Meyer SB, et al. Continuity of 
routine immunization programs in Canada during the COVID-19 pandemic. 
Vaccine. 2021;39(39):5532.

7.	 Patel B. Impact of the COVID-19 Pandemic on Administration of Selected 
Routine Childhood and Adolescent Vaccinations — 10 U.S. Jurisdictions, 
March–September 2020. MMWR Morb Mortal Wkly Rep. 2021 [cited 2024 Feb 
10];70. https://www.cdc.gov/mmwr/volumes/70/wr/mm7023a2.htm.

8.	 Masresha BG, Luce R Jr, Shibeshi ME, Ntsama B, Ndiaye A, Chakauya J et al. 
The performance of routine immunization in selected African countries 
during the first six months of the COVID-19 pandemic. Pan Afr Med J. 2020 
[cited 2022 Mar 5];37. https://www.panafrican-med-journal.com/content/
series/37/1/12/full.

9.	 Chandir S, Siddiqi DA, Mehmood M, Setayesh H, Siddique M, Mirza A, et al. 
Impact of COVID-19 pandemic response on uptake of routine immunizations 
in Sindh, Pakistan: an analysis of provincial electronic immunization registry 
data. Vaccine. 2020;38(45):7146–55.

10.	 Silveira MM, Conrad NL, Leivas Leite FP. Effect of COVID-19 on vaccination 
coverage in Brazil. J Med Microbiol. 2021;70(11).

11.	 Gupta PC, Satapathy P, Gupta A, Sah R, Padhi BK. The fallout of the COVID-
19 pandemic: missed measles shots? – correspondence. Ann Med Surg. 
2023;85(3):561–3.

12.	 World Health Organization. Immunization Fact Sheet. [cited 2022 Jun 26]. 
https://www.afro.who.int/health-topics/immunization.

13.	 van den Yoder HNC. Reflections on Building Back Better Child and Adolescent 
Mental Health Care in a low-resource postemergency setting: the case of 
Sierra Leone. Front Psychiatry. 2019;10:758.

14.	 Elston JWT, Moosa AJ, Moses F, Walker G, Dotta N, Waldman RJ et al. Impact of 
the Ebola outbreak on health systems and population health in Sierra Leone. 
J Public Health. 2015;fdv158.

15.	 The World Bank. A preventable disaster: Landslides and flood-
ing disaster in Freetown, Sierra Leone., 2019 [cited 2023 

Aug 27]. https://blogs.worldbank.org/sustainablecities/
preventable-disaster-landslides-and-flooding-disaster-freetown-sierra-leone.

16.	 World Health Organization. Sierra Leone confirms first case of 
COVID-19. 2020 [cited 2022 Feb 27]. https://www.afro.who.int/news/
sierra-leone-confirms-first-case-covid-19.

17.	 Statistics Sierra Leone (Stats SL) and ICF. Sierra Leone Demographic and 
Health Survey. Freetown, Sierra Leone, and Rockville. Volume 647. Maryland, 
USA: Stats SL and ICF; 2019.

18.	 World Health Organization. Sierra Leone institutes additional COVID-19 
preparedness and response measures. 2020 [cited 2022 Jul 17]. https://www.
afro.who.int/news/sierra-leone-institutes-additional-covid-19-preparedness-
and-response-measures.

19.	 Centers for Disease Control and Prevention, Global Routine Vaccination Cov-
erage. 2009. 2009 [cited 2022 Jul 27]. https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5942a3.htm.

20.	 Government of Sierra Leone. Child Health and Expanded Program on Immu-
nization. 2014 [cited 2022 Jun 24]. https://extranet.who.int/countryplan-
ningcycles/sites/default/files/country_docs/Sierra%20Leone/cmyp-_2012-
2016_narrative_for_sierra_leone_final_updated_on_the_23_jan_2014.pdf.

21.	 University of Oslo. DHIS2 In Action. 2021 [cited 2024 Feb 25]. https://dhis2.
org/in-action/.

22.	 Farnham A, Loss G, Lyatuu I, Cossa H, Kulinkina AV, Winkler MS. A road-
map for using DHIS2 data to track progress in key health indicators in the 
Global South: experience from sub-saharan Africa. BMC Public Health. 
2023;23(1):1030.

23.	 Khobi JAM, Mtebe JS, Mbelwa JT. Factors Influencing District Health 
Information System Usage in Sierra Leone: a study using the Technology-
Organization-Environment Framework. Electron J Inf Syst Dev Ctries. 
2020;86(6):e12140.

24.	 Leone S. Population and Housing Census Summary of Final Results Planning 
A Better Future. Statistics. 2015 [cited 2022 Dec 2]. https://sierraleone.unfpa.
org/sites/default/files/pub-pdf/Census%20Agriculture%20Report.pdf.

25.	 Pathirana J, Muñoz FM, Abbing-Karahagopian V, Bhat N, Harris T, Kapoor A, et 
al. Neonatal death: case definition & guidelines for data collection, analysis, 
and presentation of immunization safety data. Vaccine. 2016;34(49):6027–37.

26.	 Sustainable Development Network & Institue for European Developmental 
Policy. Europe Sustainable Development Report 2023/24. 2024 [cited 2024 
Feb 24]. https://eu-dashboards.sdgindex.org/.

27.	 R Core Team. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. 2021 [cited 2023 Mar 
5]. https://www.r-project.org/.

28.	 Burton A, Monasch R, Lautenbach B, Gacic-Dobo M, Neill M, Karimov R, et 
al. WHO and UNICEF estimates of national infant immunization coverage: 
methods and processes. Bull World Health Organ. 2009;87(7):535–41.

29.	 Burton A, Kowalski R, Gacic-Dobo M, Karimov R, Brown D. A Formal Rep-
resentation of the WHO and UNICEF Estimates of National Immunization 
Coverage: A Computational Logic Approach. Eisele T, editor. PLoS ONE. 
2012;7(10):e47806.

30.	 Wassennaar M, Fombah AE, Chen H, Owusu-kyei K, Williams J, Sunders JHC. 
Immunization Coverage and factors associated with incomplete immuniza-
tion in children under two during the COVID-19 pandemic in Sierra Leone. 
2024.

31.	 Babalola OJ, Sesay HW, Blebo LS, Whesseh FK, Umeokonkwo CD, Adewuyi PA, 
et al. The influence of first wave of COVID-19 outbreak on routine healthcare 
services, Liberia, August 2020: a mixed study approach. BMC Health Serv Res. 
2022;22(1):684.

32.	 Dabo M, Samah Y, Kande M, Sompare D, Camara A, Dian BM et al. Early effect 
of the Covid-19 epidemic on vaccine coverage of major antigens in Guinea: 
an analysis of the interrupted time series of national immunization coverage. 
Public and Global Health; 2020 Sep [cited 2024 Feb 11]. https://doi.org/10.11
01/2020.09.11.20192161.

33.	 UNICEF. COVID-19 vaccines shipped by COVAX arrive in Sierra Leone. 
2021 [cited 2023 Aug 25]. https://www.unicef.org/wca/press-releases/
covid-19-vaccines-shipped-covax-arrive-sierra-leone.

34.	 Mokaya EN, Atem NA, Awzenio G, Mukombo L, Sesay T, Kangbai DM et al. 
Lessons From the COVID-19 Pandemic Response Implementation: A Case 
Study of South Sudan and Sierra Leone. Glob Health Sci Pract. 2023 Nov 30 
[cited 2024 Feb 19]; https://www.ghspjournal.org/content/early/2023/11/30/
GHSP-D-23-00180.

35.	 Wariri O, Utazi CE, Okomo U, Sowe A, Sogur M, Fofanna S, et al. Impact 
of the COVID-19 pandemic on the coverage and timeliness of routine 

https://www.who.int/europe/emergencies/situations/covid-19
https://covid19.who.int
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9986988/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9986988/
https://www.cdc.gov/mmwr/volumes/70/wr/mm7023a2.htm
https://www.panafrican-med-journal.com/content/series/37/1/12/full
https://www.panafrican-med-journal.com/content/series/37/1/12/full
https://www.afro.who.int/health-topics/immunization
https://blogs.worldbank.org/sustainablecities/preventable-disaster-landslides-and-flooding-disaster-freetown-sierra-leone
https://blogs.worldbank.org/sustainablecities/preventable-disaster-landslides-and-flooding-disaster-freetown-sierra-leone
https://www.afro.who.int/news/sierra-leone-confirms-first-case-covid-19
https://www.afro.who.int/news/sierra-leone-confirms-first-case-covid-19
https://www.afro.who.int/news/sierra-leone-institutes-additional-covid-19-preparedness-and-response-measures
https://www.afro.who.int/news/sierra-leone-institutes-additional-covid-19-preparedness-and-response-measures
https://www.afro.who.int/news/sierra-leone-institutes-additional-covid-19-preparedness-and-response-measures
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5942a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5942a3.htm
https://extranet.who.int/countryplanningcycles/sites/default/files/country_docs/Sierra%20Leone/cmyp-_2012-2016_narrative_for_sierra_leone_final_updated_on_the_23_jan_2014.pdf
https://extranet.who.int/countryplanningcycles/sites/default/files/country_docs/Sierra%20Leone/cmyp-_2012-2016_narrative_for_sierra_leone_final_updated_on_the_23_jan_2014.pdf
https://extranet.who.int/countryplanningcycles/sites/default/files/country_docs/Sierra%20Leone/cmyp-_2012-2016_narrative_for_sierra_leone_final_updated_on_the_23_jan_2014.pdf
https://dhis2.org/in-action/
https://dhis2.org/in-action/
https://sierraleone.unfpa.org/sites/default/files/pub-pdf/Census%20Agriculture%20Report.pdf
https://sierraleone.unfpa.org/sites/default/files/pub-pdf/Census%20Agriculture%20Report.pdf
https://eu-dashboards.sdgindex.org/
https://www.r-project.org/
https://doi.org/10.1101/2020.09.11.20192161
https://doi.org/10.1101/2020.09.11.20192161
https://www.unicef.org/wca/press-releases/covid-19-vaccines-shipped-covax-arrive-sierra-leone
https://www.unicef.org/wca/press-releases/covid-19-vaccines-shipped-covax-arrive-sierra-leone
https://www.ghspjournal.org/content/early/2023/11/30/GHSP-D-23-00180
https://www.ghspjournal.org/content/early/2023/11/30/GHSP-D-23-00180


Page 12 of 12Sesay et al. BMC Public Health         (2024) 24:1795 

childhood vaccinations in the Gambia, 2015–2021. BMJ Glob Health. 
2023;8(12):e014225.

36.	 World Health Organization. Health Financing Progress Matrix: Back-
ground Indicators. [cited 2022 Jun 2]. https://www.who.int/teams/
health-systems-governance-and-financing/health-financing/
hfpm-background-indicators.

37.	 Government of Sierra Leone. Thematic Report on Education and Illiteracy, 
Sierra Leone. 2015 [cited 2022 Aug 9]. https://www.statistics.sl/images/Statis-
ticsSL/Documents/Census/2015/sl_2015_phc_thematic_report_on_educa-
tion_and_literacy.pdf.

38.	 Mboussou F, Kada S, Danovaro-Holliday MC, Farham B, Gacic-Dobo M, 
Shearer JC, et al. Status of Routine Immunization Coverage in the World 
Health Organization African Region three years into the COVID-19 pandemic. 
Vaccines. 2024;12(2):168.

39.	 Cooper S, Bicaba F, Tiendrebeogo CO, Bila A, Bicaba A, Druetz T. Vaccination 
coverage in rural Burkina Faso under the effects of COVID-19: evidence from 
a panel study in eight districts. BMC Health Serv Res. 2023;23(1):1016.

40.	 Abbas K, Procter SR, van Zandvoort K, Clark A, Funk S, Mengistu T, et al. 
Routine Childhood Immunisation during the Covid-19 pandemic in Africa: a 
benefit–risk analysis of health benefits versus excess risk of Sars-Cov-2 infec-
tion. Lancet Glob Health. 2020;8(10):e1264–72.

41.	 Ahmed T, Roberton T, Vergeer P, Hansen PM, Peters MA, Ofosu AA 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 mathematical modeling of administrative data. Persson 
LÅ, editor. PLOS Med. 2022;19(8):e1004070.

42.	 Tony Blair Institute for Global Change. Lessons From COVID-19 and Ebola 
for managing future pandemics in developing countries: The Role of Center 
Government. 2022.

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

https://www.who.int/teams/health-systems-governance-and-financing/health-financing/hfpm-background-indicators
https://www.who.int/teams/health-systems-governance-and-financing/health-financing/hfpm-background-indicators
https://www.who.int/teams/health-systems-governance-and-financing/health-financing/hfpm-background-indicators
https://www.statistics.sl/images/StatisticsSL/Documents/Census/2015/sl_2015_phc_thematic_report_on_education_and_literacy.pdf
https://www.statistics.sl/images/StatisticsSL/Documents/Census/2015/sl_2015_phc_thematic_report_on_education_and_literacy.pdf
https://www.statistics.sl/images/StatisticsSL/Documents/Census/2015/sl_2015_phc_thematic_report_on_education_and_literacy.pdf

	﻿Assessing the impact of COVID-19 on routine immunization in Sierra Leone
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Design and study setting
	﻿Data source
	﻿Data extraction
	﻿Data Management
	﻿Operational definition
	﻿Data analysis
	﻿Data validation

	﻿Results
	﻿Changes in vaccination coverage at the national level
	﻿Change in annual coverage rate in Sierra Leone’s districts

	﻿Discussion
	﻿Limitation of study
	﻿Implication of study findings

	﻿Conclusion
	﻿References


