
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 128 (2023) 61–68 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Quantifying excess mortality during the COVID-19 pandemic in 2020 

in The Gambia: a time-series analysis of three health and 

demographic surveillance systems 

Nuredin I. Mohammed 

1 , ∗, Grant Mackenzie 

1 , 2 , 3 , Esu Ezeani 1 , Mamadi Sidibeh 

1 , 
Lamin Jammeh 

1 , Golam Sarwar 1 , Aji Kumba Folawiyo Saine 

1 , Bakary Sonko 

1 , 
Pierre Gomez 

1 , Bai Lamin Dondeh 

1 , M. Jahangir Hossain 

1 , Momodou Jasseh 

1 , Effua Usuf 1 , 
Andrew M. Prentice 

1 , David Jeffries 1 , Umberto Dalessandro 

1 , Anna Roca 

1 , ∗

1 Medical Research Council Unit The Gambia at the London School of Hygiene & Tropical Medicine, Banjul, The Gambia 
2 Faculty of Infectious and Tropical Diseases, London School of Hygiene & Tropical Medicine, London, UK 
3 Murdoch Children’s Research Institute, Melbourne, Australia 

a r t i c l e i n f o 

Article history: 

Received 17 October 2022 

Revised 12 December 2022 

Accepted 13 December 2022 

Keywords: 

Excess mortality 

Health and demographic surveillance 

systems 

COVID-19 

Africa 

The Gambia 

a b s t r a c t 

Objectives: Estimates for COVID-19-related excess mortality for African populations using local data are 

needed to design and implement effective control policies. 

Methods: We applied time-series analysis using data from three health and demographic surveillance sys- 

tems in The Gambia (Basse, Farafenni, and Keneba) to examine pandemic-related excess mortality during 

2020, when the first SARS-CoV-2 wave was observed, compared to the pre-pandemic period (2016-2019). 

Results: Across the three sites, average mortality during the pre-pandemic period and the total deaths 

during 2020 were 1512 and 1634, respectively (Basse: 1099 vs 1179, Farafenni: 316 vs 351, Keneba: 98 vs 

104). The overall annual crude mortality rates per 10 0,0 0 0 (95% CI) were 589 (559, 619) and 599 (571, 

629) for the pre-pandemic and 2020 periods, respectively. The adjusted excess mortality rate was 8.8 

(-34.3, 67.6) per 10 0,0 0 0 person-month with the adjusted rate ratio (aRR) = 1.01 (0.94,1.11). The age- 

stratified analysis showed excess mortality in Basse for infants (aRR = 1.22 [1.04, 1.46]) and in Farafenni 

for the 65 + years age group (aRR = 1.19 [1, 1.44]). 

Conclusion: We did not find significant excess overall mortality in 2020 in The Gambia. However, some 

age groups may have been at risk of excess death. Public health response in countries with weak health 

systems needs to consider vulnerable age groups and the potential for collateral damage. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 
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In January 2020, COVID-19 was declared a Public Health Emer- 

ency of International Concern. At the time, 7818 cases and 170 

eaths were reported in 19 countries, mainly in Asia [1] . Almost a 

ear later, COVID-19 spread across the world and caused about 278 

illion cases and 5.4 million deaths. Despite the extent of the pan- 

emic, Africa, which accounts for approximately 16% of the world 

opulation, has been relatively spared by the pandemic as it ac- 
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ounted only for 3% of cases (7 million) and deaths (0.16 million) 

2] . This could be partly explained by the predilection of COVID-19 

o cause severe disease in the elderly and Africa’s relatively young 

opulation, where children and young adults less than 25 years of 

ge represent more than 60% of the total population [ 3 , 4 ]. 

Deaths associated with the COVID-19 pandemic have been sig- 

ificantly underestimated across the world at the start of the epi- 

emic. Even with robust surveillance, accounted fatalities do not 

nclude the so-called ‘indirect’ deaths due to pandemic-related 

hanges in healthcare systems and in individual health-seeking be- 

aviors but are not caused by infection with SARS-CoV-2. The sum 

f direct (viral infections) and indirect deaths would reflect the 

hole pandemic-related mortality. One approach to measuring the 

mpact of the pandemic on overall mortality is to calculate what 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Figure 1. Map of The Gambia with the three HDSS sites. 
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as been termed ‘excess mortality.’ This can be defined as an un- 

sual mortality increase during a specific period in a given pop- 

lation above and beyond what we would have expected to see 

nder ‘normal’ conditions [ 5 , 6 ]. Such estimates are calculated by 

omparing the expected number of deaths due to all causes (based 

n mortality rates before the pandemic) vs the observed number 

f deaths or, in the absence of robust empirical data, estimated 

eaths by mathematical models [7] . In high-income countries, es- 

imates suggest that the true death toll related to the pandemic 

ay have been at least 2-4-fold higher than official reports [8] , 

ith some variations according to the approach used for the es- 

imations. Indeed, by January 2022, the estimated toll of directly- 

elated COVID-19 deaths was about 5.5 million, whereas different 

odels estimated the COVID-19-related deaths at 18.2 million (95% 

I 17.1, 19.6) [7] , 12.6 million (95% CI 9.1, 18.6), [8] and 19.4 million

95% CI 12, 22.4) [8] . 

Estimating the direct and indirect effects of COVID-19-related 

ortality in Sub-Saharan Africa (SSA) entails additional challenges. 

n the one hand, poor surveillance in most SSAs countries would 

nderestimate the true burden, as shown by seroprevalence sur- 

eys, that suggest transmission has been as high, if not higher, than 

n other continents [9] . On the other hand, the lack of death regis-

ration in most SSA countries is an additional difficulty in estimat- 

ng the overall excess of deaths. Therefore, estimates are mainly 

ased on assumptions used for building predictive mathematical 

odels whose results rely on the availability and quality of data. 

Here we used data from three regionally distinct health and 

emographic surveillance systems (HDSS) covering approximately 

0% of The Gambian population to calculate excess mortality in 

020, the year of the first COVID-19 epidemic wave. 

ethods 

he Gambia and the country’s response to the COVID-19 pandemic 

The Gambia is a small West African country bordering Senegal, 

xcept for its coast on the Atlantic Ocean. In 2020, the total esti- 

ated population was about 2.42 million, with median age of 17.8 

ears and life expectancy of 63.3 years [10] . The top eight causes 

f mortality include lower respiratory infection, ischemic heart dis- 

ase, neonatal disorders, HIV/AIDS, stroke, tuberculosis, malaria, 

nd diarrheal diseases, [11] similar to reports from the Farafenni 

DSS data [12] . 

Shortly after the first COVID-19 case was diagnosed on March 

7, 2020, the country closed its international land, sea, and air 

orders. On March 27, 2020, a state of emergency was declared, 

hich included the closing of schools, non-essential shops, places 

f worship, and many workplaces. Initial SARS-CoV-2 testing by 

olymerase chain reaction aimed at identifying imported cases and 

racing and isolating contacts. As the epidemic progressed, the 

inistry of Health established testing facilities at strategic, densely 

opulated locations. Demand for testing services was low, and at- 

empts to raise awareness had limited impact, which may have led 
62 
o the intense transmission, albeit mild, later in 2020, as described 

lsewhere [13] . 

A rapid increase in cases only started in July 2020, and by De- 

ember 31, 2020, 3797 cases and 124 deaths had been reported 

14] . 

DSS platforms 

The Medical Research Council Unit, The Gambia at the London 

chool of Hygiene & Tropical Medicine (MRCG at LSHTM), is run- 

ing three HDSS platforms—namely Basse [15] , Farafenni [12] and 

est Kiang (Keneba) [16] —in largely rural communities and cov- 

ring a population of more than 250,0 0 0 individuals ( Figure 1 ).

ll households in the HDSS area are visited at least once every 

 months. Deaths, births, migrations, pregnancies, marriages, and 

accination records are updated during these visits. Individuals are 

efined as a resident if they are found to be living in the HDSS 

eographic area on two consecutive visits. Data collection in 2020 

as affected by the COVID-19 pandemic in all three sites, resulting 

n only two rounds of enumeration instead of the usual three per 

ear. 

ata and statistical analysis 

Data were extracted from the three HDSSs for the period be- 

ween January 1, 2016, and December 31, 2020, to allow for a 

omplete reporting of deaths during the observation period. Data 

xtracted included date of birth, date of death, site of residence, 

nd population count. The years 2016-2019 were considered pre- 

andemic, while 2020 was the pandemic period. Mid-year popula- 

ion was calculated by counting all individuals who were registered 

s a resident in each HDSS database on July 1 st of each year. Age in

ompleted years was categorized into four groups ( < 1, 1-17, 18-64, 

nd 65 + ) for stratified analysis. Mortality counts were aggregated 

y month to create the time-series data. 

We calculated average annual mortality before the pandemic 

nd subtracted it from the mortality count in 2020 to obtain the 

crude’ number of excess deaths estimate during 2020. Excess mor- 

ality for each month in 2020 was assessed using P-scores [5] , the 

ercentage difference between the reported and projected number 

f deaths, calculated as: 

 − score m 

= 

observ ed deaths m 

− Expected deaths m 

Expected deaths m 

here the expected number of deaths is approximated by the av- 

rage mortality count at each month m over the pre-pandemic pe- 

iod. 

For our primary analysis, we used an interrupted time-series 

pproach [17] to compare mortality rates between the pre- 

andemic period (2016-2019) vs 2020. We adjusted for seasonality 

sing harmonics (sine/cosine pairs). Furthermore, in a sensitivity 

nalysis, we explored adjusting for seasonality using dummy vari- 

bles for calendar month and adding a time trend. We used Akaike 

nformation Criteria (AIC) [18] to compare best fitting models (low- 

st AIC). 
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Table 1 

Observed mortality counts by year and health and demographic surveillance 

system site. 

Site 

Year 

2016 2017 2018 2019 2020 Total (2016-2020) 

Basse 1014 1127 1173 1081 1179 5574 

Farafenni 299 309 336 319 351 1614 

Keneba 125 87 97 82 104 495 

Total 1438 1523 1606 1482 1634 7683 
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Let Y t ∼ Poisson(μt ) be the monthly death count with Poisson 

istribution; then our time-series model can be given as: 

og (μt ) = β0 + β1 X 1 t + β2 X 2 t + f (s ) 

here μt is the expected number of monthly deaths; t is 

ime(months) since the start of the study; X 1t is the dummy vari- 

ble for pre/during pandemic period; X 2t is t (scaled) for time 

rend assessment; β0 is the offset to account for population size 

which is the natural logarithm of the population size); β1 and 

2 are the log(rate ratios [RRs]) corresponding to X 1 and X 2 re- 

pectively; f ( s ) represent adjustment for seasonality either us- 

ng harmonics (sine/cosine pairs) or dummy variables for calen- 

ar months. Excess mortality was calculated as (RR-1) ∗E, where E 

s the expected (counterfactual) mortality in the absence of the 

andemic. Analyses were repeated, stratifying by age group for 

ll HDSS sites together and for each HDSS site. To account for 

verdispersion, we assumed negative binomial distribution for the 

onthly mortality count data for all models fitted in this study. 

/RStudio [19] and Stata [20] were used to perform all data analy- 

es. 

thical approval 

Data collection as part of the three HDSS sites have ethical ap- 

roval from The Gambian Government/MRCG at the LSHTM Joint 

thics committee. 

esults 

Between 2016 and 2019, the total average annual population 

cross the three HDSS sites was 256,843 individuals. During these 

 years, we detected 6049 deaths: 4395 in Basse, 1263 in Farafenni, 

nd 391 in Keneba. The average number of deaths per year was 

512, ranging from 1438 in 2016 to 1606 in 2018. In 2020, the av- 

rage population was 272,620, and 1634 deaths were recorded (See 

etails in Table 1 ). 

rude excess mortality 

The overall annual crude mortality rates (95% CI) were 589 

559, 619) and 599 (571, 629) per 10 0,0 0 0 for the pre-pandemic

nd 2020 periods, respectively. This corresponds to an excess mor- 

ality rate of 11.1 (-31, 52) per 10 0,0 0 0 population (RR = 1.02

0.95,1.09]). The point estimates widely varied between the HDSS 

ites, but in none of them was the excess of deaths significant 

 Table 2 ). By age groups, again, there was no significant excess 

ortality for any comparison, although the point estimates dif- 

ered between age groups ( Table 2 ). For example, RR (95% CIs) over

ll sites were 1.11 (0.91, 1.35), 0.93 (0.77, 1.12), 1.00 (0.89, 1.12), and 

.08 (0.95, 1.22) among infants ( < 1 year of age), 1-17 years, 18-

4 years, and 65 + years age groups respectively. Peaks in excess 

eaths occurred at slightly different calendar periods in the differ- 

nt HDSS sites; in July 2020 for Farafenni (P-score approximately 

8%), in August 2020 for Keneba (P-score approximately 100%), and 

n August/September 2020 for Basse (P-score approximately 42%) 

 Figure 2 ). 
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Figure 2. Excess mortality (%) by site for each month in 2020 compared to the period 2016-2019 (P-scores). 

Table 3 

Estimated excess deaths and rate ratios based on models a adjusting for seasonality. 

Age group Site Excess deaths (95% CI) Excess mortality rate per 10 0,0 0 0 (95% CI) Rate ratio (95% CI) 

All All 23.9 (-93.4, 184.2) 8.8 (-34.3, 67.6) 1.01 (0.94, 1.11) 

Basse 2.2 (-99.9, 151.1) 1.1 (-50.4, 76.2) 1 (0.91, 1.12) 

Farafenni 12.4 (-21.3, 63) 20.7 (-35.5, 105.1) 1.04 (0.93, 1.17) 

Keneba 8.6 (-10.6, 43.6) 60.1 (-74.1, 304.8) 1.09 (0.86, 1.37) 

< 1 All 23.2 (-11.9, 78.9) 258.1 (-132.4, 877.8) 1.11 (0.93, 1.32) 

Basse 32.3 (4.3, 79.6) 492.4 (65.5, 1213.4) 1.22 (1.04, 1.46) 

Farafenni -1.7 (-11, 24.9) -85.2 (-551.4, 1248.1) 0.96 (0.66, 1.39) 

Keneba -8 (-7.8, 1.3) -1847.6 (-1801.4, 300.2) 0.53 (0.26, 1.05) 

1-17 All -20.1 (-47.2, 30.7) -14.7 (-34.5, 22.4) 0.92 (0.77, 1.11) 

Basse -16.9 (-40.7, 35) -16.9 (-40.6, 34.9) 0.91 (0.74, 1.15) 

Farafenni -6.7 (-12.9, 12.8) -22.9 (-44, 43.7) 0.86 (0.62, 1.2) 

Keneba 1.7 (-2.1, 24.2) 23.1 (-28.6, 329.5) 1.18 (0.57, 2.34) 

18-64 All 0.4 (-51.1, 73.4) 0.3 (-43.2, 62.1) 1 (0.91, 1.11) 

Basse -0.7 (-48.1, 71.4) -0.8 (-55.8, 82.8) 1 (0.89, 1.13) 

Farafenni -3.7 (-19.9, 27.5) -14 (-75.3, 104) 0.97 (0.81, 1.18) 

Keneba 3.3 (-4.5, 27.7) 58.7 (-80, 492.6) 1.13 (0.73, 1.74) 

65 + All 40.3 (-15.3, 113.9) 476.2 (-180.8, 1345.9) 1.08 (0.97, 1.2) 

Basse 9.6 (-29.4, 71.3) 179.2 (-548.9, 1331.2) 1.03 (0.9, 1.19) 

Farafenni 23.9 (0.5, 64.7) 1083.4 (22.7, 2932.9) 1.19 (1, 1.44) 

Keneba 5.7 (-5.7, 33.6) 632.6 (-632.6, 3729.2) 1.12 (0.85, 1.5) 

a Assuming negative binomial distribution for over-dispersed mortality count data and harmonics (sine/cosine pairs) to account for seasonality. 
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djusted excess mortality estimates 

In the time-series analysis adjusted for seasonality, we did 

ot find significant difference in mortality rates during 2020 

ompared to the pre-pandemic period (adjusted excess mortal- 

ty = 8.8 [-34.3,67.6] per 10 0,0 0 0 person-month and adjusted RR 

aRR] = 1.01 [0.94,1.11]) ( Table 3 , Figure 3 ). However, excess mor-

ality was found among infants in the Basse HDSS (adjusted ex- 

ess mortality = 492.4 [65.5, 1213.4] per 10 0,0 0 0 person-month 

nd aRR = 1.22 [1.04,1.46]) and the Farafenni HDSS for older adults 

adjusted excess mortality = 1083.4 [22.7, 2932.9] per 10 0,0 0 0 

erson-month and aRR = 1.19 [1.00,1.44]) ( Table 3 , Figure 4 ). Re-

ults for all models compared in the sensitivity analyses with cor- 

esponding AIC values can be found in Supplementary Appendix 

Table S1). 

iscussion 

According to our time-series analysis of the HDSS data that cov- 

rs about 10% of the Gambian population, we did not find signif- 

cant overall excess mortality associated with the COVID-19 pan- 

emic in 2020 when the first wave occurred. This result is con- 

istent with the official number of 124 COVID-19 deaths reported 

y the end of 2020 [14] , and the recently released World Health 
64 
rganization model that estimates 41 (-6, 94) excess deaths per 

0 0,0 0 0 for The Gambia in 2020 [21] . However, other modeling

pproaches provide different results, with a country’s estimated 

xcess mortality ranging between 2154 and 6340 [ 7 , 22 , 23 ] at a

ime when the number of reported COVID-19-related deaths was 

43 (January 2022). Those other models probably overestimated 

OVID-19 excess mortality as they are based on data generated in 

igh-income countries and directly applied to other regions. How- 

ver, we estimated some excess mortality in specific age groups 

infants and individuals older than 65 years) in some geographical 

reas. 

Our result (not detecting excess mortality in 2020 in The Gam- 

ia) is also in agreement with a study conducted in rural Kenya 

hat showed no excess deaths after the first two waves of COVID- 

9 [24] . Results from The Gambia and Kenya have been produced 

y analyzing HDSS data. This is also generally in agreement with 

he observation that the SSA region may have had a similar level 

f COVID-19 infections to the rest of the world but fewer deaths 

25] . A limitation of this analysis may be the under-representation 

f urban areas in these HDSS because urban areas are generally the 

rst to be exposed to the virus due to more frequent international 

ontact. However, it has been shown that the infection can spread 

rom urban to rural areas, resulting in a similar burden, even if 

he epidemic affects rural areas later than urban areas [ 26 , 27 ]. The
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Figure 3. Mortality rate estimates per 10 0,0 0 0 person-month pre-pandemic (2016-2019) and during pandemic (2020 only) by health and demographic surveillance system 

site with corresponding RR (95% CIs). 

Note: Green - estimates in the absence of pandemic/counterfactual; Red - pandemic period estimates; models here adjusted for seasonality using harmonics. 

RR, rate ratio. 
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rst SARS-CoV-2 wave in The Gambia probably started from in- 

ected individuals who traveled from Senegal because international 

ights were suspended and Gambian borders are extremely porous 

28] . Infected individuals may have entered from Senegal through 

arafenni, which is on the trans-Gambian road linking Dakar, the 

apital, with Ziguinchor, in southern Senegal [29] , as also suggested 

y the genomic analysis [30] . Indeed, the P-scores of excess mor- 

ality peaked earlier in Farafenni than in the other two HDSS sites. 

Infant mortality in Basse was more than 20% higher in 2020 

han before the pandemic, and this could be attributed to the dis- 

uption of healthcare provision caused by the pandemic. Indeed, 

ccess to health facilities and vaccination clinics at the time of 

orders closure and lockdown was lower than in the previous 5 

ears [31] . For example, the total number of infants attending out- 

atient clinics decreased by 35% in 2020 compared to 2019 [32] . In 

arafenni, mortality in the oldest age group (65 + years) increased 

y 19% compared to pre-pandemic years. Risk of complications and 

eath by COVID-19 is higher in the older age groups, particularly if 

here are co-morbidities, whose frequency increases with age. For 

xample, in a systematic review and meta-analysis study, COVID- 

9 infection fatality ratio has been reported to increase progres- 

ively with age to 1.4% at age 65, 4.6% at age 75, and 15% at age

5 [33] . Such excess mortality may either be due to the direct ef- 

ect of the infection and/or by the disruption in health care pro- 

ision or reluctance to seek health care in health facilities. Never- 

heless, it is unclear why this is observed only in Farafenni and not 

n the other HDSS because the age distribution and prevalence of 

o-morbidities do not vary across The Gambia [ 32 , 34 ]. Therefore, 

ome specific factors related to the population in the Farafenni re- 

ion, provision of or access to health care, may have affected the 
65 
ldest age group in Farafenni. Other potential explanations may in- 

lude lower data completeness for the oldest age group in other 

DSSs or a lower incidence of SARS-CoV-2 according to both age 

roups and HDSSs. However, a difference in data completeness be- 

ween HDSS sites is unlikely because the methodologies, control 

hecks, team, and management are more or less similar across 

ites. Overall, future public health responses to pandemics may 

eed to consider such indirect effects, particularly for vulnerable 

roups such as young children and the oldest age groups. 

Additional limitations of our analysis should be considered. The 

DSSs are large databases, but the quality of the data tends to be 

ower than in active study cohorts or clinical trials. In addition, it is 

ey for the analysis of time trends that case ascertainment is col- 

ected homogeneously over the years. In 2020, the HDSS team was 

ble to complete only two rounds of visits, rather than the usual 

hree, and may have missed some deaths, particularly among in- 

ants. This is despite our latest data extraction conducted in Febru- 

ry 2022 in an attempt to allow for more updates and data clean- 

ng from the household visits. This may have compromised the 

ompleteness of the data and limited our ability to determine ex- 

ess mortality, particularly in this youngest age group. 

In conclusion, we did not find significant overall excess of mor- 

ality at the time of the COVID-19 epidemic in 2020 in The Gam- 

ia. There was probably some excess of deaths in infants and older 

dults in some geographical areas, suggesting indirect collateral 

amage may have had some role. There is a need to understand 

hy the overall effect of the pandemic in The Gambia in 2020, as 

ell as in other SSA countries, was less severe than predicted. In 

ddition, public health response to this and other pandemics needs 

o consider the potential for indirect collateral damage, particularly 
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Figure 4. Age-stratified excess mortality per 10 0,0 0 0 person-month in 2020 by health and demographic surveillance system site (All, Basse, Farafenni, Keneba). 

Note: Green - estimates in the absence of pandemic/counterfactual; Red - pandemic period estimates; models here adjusted for seasonality using harmonics. 

RR, rate ratio. 
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Figure 4. Continued 
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