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Abstract

COVID-19 mortality rate has not been formally assessed in Nigeria. Thus, we aimed to
address this gap and identify associated mortality risk factors during the first and second
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waves in Nigeria. This was a retrospective analysis of national surveillance data from all 37
States in Nigeria between February 27, 2020, and April 3, 2021. The outcome variable was
mortality amongst persons who tested positive for SARS-CoV-2 by Reverse-Transcriptase
Polymerase Chain Reaction. Incidence rates of COVID-19 mortality was calculated by divid-
ing the number of deaths by total person-time (in days) contributed by the entire study popu-
lation and presented per 100,000 person-days with 95% Confidence Intervals (95% ClI).
Adjusted negative binomial regression was used to identify factors associated with COVID-
19 mortality. Findings are presented as adjusted Incidence Rate Ratios (alRR) with 95% CI.
The first wave included 65,790 COVID-19 patients, of whom 994 (1-51%) died; the second
wave included 91,089 patients, of whom 513 (0-56%) died. The incidence rate of COVID-19
mortality was higher in the first wave [54-25 (95% CI: 50-98-57-73)] than in the second wave
[19-19 (17-60—20-93)]. Factors independently associated with increased risk of COVID-19
mortality in both waves were: age >45 years, male gender [first wave alRR 1-65 (1-35-2-02)
and second wave 1-52 (1-11-2-06)], being symptomatic [alRR 3-17 (2-59-3-89) and 3-04
(2-20—4-21)], and being hospitalised [alRR 4-19 (3-26—-5-39) and 7-84 (4-90-12-54)]. Rela-
tive to South-West, residency in the South-South and North-West was associated with an
increased risk of COVID-19 mortality in both waves. In conclusion, the rate of COVID-19
mortality in Nigeria was higher in the first wave than in the second wave, suggesting an
improvement in public health response and clinical care in the second wave. However, this
needs to be interpreted with caution given the inherent limitations of the country’s surveil-
lance system during the study.

Introduction

Nigeria implemented a series of public health interventions following the declaration of the
COVID-19 pandemic on March 11, 2020, amidst a fragile and under-resourced healthcare sys-
tem complicated by economic, political, social, and security challenges [1]. For example, before
and during the detection of the first few cases of COVID-19 in Nigeria, several public health
measures were instituted by the government and its partners, including strengthening in-
country molecular diagnostic capacity, equipping infectious disease treatment centres for case
management, and training of healthcare and allied-healthcare workers [1]. In addition to
adopting a co-production approach—which allowed a multidisciplinary stakeholder—to col-
laborate in addressing issues arising in real-time [2], the country invested in developing and
revising guidelines for surveillance, case management and infection prevention and control
[1].

As of October 16" 2021, Nigeria, with a population of over 200 million people, had tested
total samples of 3,142,971 for COVID-19, recording a cumulative number of 208,797 con-
firmed cases and 2,769 deaths, with a case fatality ratio (CFR, %) of 1-3% [3]. During the same
period, the cumulative number of confirmed COVID-19 cases in the World Health Organiza-
tion (WHO) African region was 6,009,444, with 147,749 deaths and a CFR of 2-5% [4]. Whilst
a robust surveillance of COVID-19 transmission requires that countries conduct widespread
testing, evidence from the inception of the pandemic to date indicates that Africa has the least
COVID-19 cases and testing numbers compared to other regions [5]. Regionally, as of June
11, 2020, Nigeria had the highest absolute numbers of COVID-19 and associated mortality of
any country in West Africa [6]. This scenario was attributed mainly to the country’s large
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population density and international air traffic [6]. In April 2021, the second wave of the pan-
demic in Nigeria was declining, with COVID-19 cases and related mortalities reported
through the Nigeria Centre for Disease Control (NCDC) surveillance consistently at less than
30 and 5 per day, respectively.

Findings from independent systematic reviews and meta-analyses [7, 8] indicate that older
age, male gender, current smoker, pre-existing comorbidities, dyspnoea, complications during
hospitalisation, and corticosteroid therapy significantly increase the risk of COVID-19 mortal-
ity. Similar to global evidence, we found older age (>51 years) and presentation with cough,
breathing difficulties and vomiting to significantly increase the risk of COVID-19 mortality in
Nigeria [9]. Notably, CFR is commonly used to describe mortalities associated with COVID-
19; however, the estimates may vary depending on the case definition-total cases (all COVID-
19 cases) or only confirmed cases [10]. Classifying cases as ‘recovered’ is particularly challeng-
ing considering long-COVID, where a range of symptoms can persist for months. Thus, the
estimated CFR in Nigeria and countries with similar surveillance capacity and sociodemo-
graphic profiles could be overestimated as the denominator includes a subset of all COVID
cases [11]. Moreover, determining the denominator for CFR estimation can be difficult as
asymptomatic patients at testing or those with very mild symptoms might not be tested and
missed by the surveillance system [12]. For example, we found that up to 66% of 12,289 con-
firmed COVID-19 cases in Nigeria between February and June 2020 were asymptomatic at
testing [13]. This is despite the fact that asymptomatic contacts of confirmed COVID-19 cases
meeting the NCDC testing criteria [14] are eligible for testing in line with the country’s testing
strategy. Furthermore, evidence from post-mortem surveillance of deceased persons within 48
hours of death in Zambia suggests that a substantial number of COVID-19 deaths, especially
those at the community level, could be missed due to low testing [15]. Thus, CFR estimates in
settings such as Nigeria could be biased.

A comparison of mortality incidence rates in the two waves of the pandemic will improve
understanding of the context-specific dynamics of the disease and its outcomes in Nigeria, and
possibly shed more light on the severity of the pandemic. Furthermore, identifying the factors
associated with COVID-19 mortalities will facilitate the identification of vulnerable population
groups to inform public health and clinical management strategies. Therefore, this study esti-
mated the incidence rate of COVID-19 mortalities and investigated the socio-demographic
and clinical characteristics associated with COVID-19 mortality during the first and second
waves in Nigeria.

Methods
Ethics statement

The protocol for this study was reviewed and approved by the Nigeria National Health
Research Ethics Committee (NHREC/01/01/2007-22/06/2020). The analysed data were fully
anonymised before being accessed from the NCDC Surveillance and Epidemiology Depart-
ment. Being an analysis of secondary data, informed consent was not sought but all research
activities were conducted in line with the ethical approval.

Study design and settings

This was a retrospective analysis of national surveillance data collected from all 36 States and
the Federal Capital Territory (FCT) in Nigeria. The three tiers of healthcare systems in Nigeria
(primary, secondary, and tertiary) and designated areas (e.g., State Ministry of Health and ad
hoc testing centres) served as COVID-19 testing centres. Although secondary and tertiary hos-
pitals formally serve as treatment centres for COVID-19 patients in Nigeria, NCDC guidelines
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[16] allow health workers to manage low-risk patients (e.g., <60 years with no history of non-
communicable disease, asymptomatic or with mild symptoms etc.) at home.

Study population

The study population included individuals (symptomatic and asymptomatic at testing) who
tested positive for SARS-CoV-2 by Reverse-Transcriptase Polymerase Chain Reaction
(RT-PCR) [17]. Eligibility for an RT-PCR test was based on an individual meeting the NCDC
COVID-19 suspect case definition [14] used during the first and second waves. However,
regardless of symptomatic status, persons who had close contact with a confirmed or probable
COVID-19 case were tested. The identification of such persons was made during contact trac-
ing or, based on personal concerns over one’s health, presentation toa testing centre.

Data collection and management

All Nigerian States and their respective local government areas are required to actively monitor
and report infectious diseases of public health importance to NCDC via the Integrated Disease
Surveillance and Response (IDSR) system [18]. All surveillance data within NCDC are col-
lected using the Surveillance Outbreak Response Management and Analysis System (SOR-
MAS) database. SORMAS is a module-based open-source real-time electronic surveillance
database with mobile and web application packages. The data used in this study are all
COVID-19 records (positive and negative SARS-CoV-2 tests) within SORMAS from February
27,2020, to April 3, 2021.

A detailed description of data collection is available in a previous paper [13]. Briefly, trained
healthcare personnel assessed suspected COVID-19 cases who met the NCDC case definitions
[14] during a patient’s visit to a testing centre or via contact tracing. Healthcare personnel
completed electronic case investigation forms s containing demographic and clinical informa-
tion and collected a minimum of one nasopharyngeal or nasal swab and one oropharyngeal
swab for laboratory diagnosis. Clinical outcomes for patients with COVID-19 are updated on
SORMAS regularly as “recovered,” “dead,” or “currently ill” by designated persons (e.g., clini-
cians, State Epidemiologists, Disease Surveillance and Notification Officer (DSNO) or SOR-
MAS Implementation Officers). The continuous update of SORMAS is facilitated by
reviewing patient records (treatment centres and homes) and, where possible, contact tracing
in the community. This process is facilitated by the feedback mechanism within the IDSR sys-
tem, such that death at the local government level can be identified and reported on SORMAS
by a DSNO. However, deaths in the community could be missed by the surveillance system.

The outcome variable was mortalities among persons who tested positive for SARS-CoV-2,
irrespective of a cause of death being assigned or not, within 30 days of sample collection for
laboratory diagnosis. We defined survivors as COVID-19 patients who were discharged from
a health facility as per the NCDC discharge criteria in use during the study period (or cleared
by a healthcare worker for those who received home care), or patients lost to follow-up up
within 30 days of sample collection for COVID-19 diagnosis. For example, asymptomatic
patients at testing in June 2020 onwards were discharged 14 days after the initial positive result
(e sample collection date) [19].

The start date for the first wave was February 27, 2020, the date the COVID-19 index case
was confirmed in Nigeria (corresponding to the epidemiologic week 9) and ended on October
24,2021. The second wave started on October 25, 2020 (epidemiologic week 44), but the study
ended on April 3, 2021 (epidemiological week 13)—the date when the analysed dataset was
extracted from SORMAS. Each person entered the study (“entry date”) and thus contributed
person-time on the date that their initial sample for COVID-19 diagnosis was taken as
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registered on SORMAS. Individuals exited this study: if they died within 30 days of the sample
being taken (death date); if a COVID-19 patient was discharged from the health facility after
recovery (discharge date); the study end date or the last date of data contribution for non-hos-
pitalised survivors (i.e., right censored). We handled missing data using the missing indicator
approach. Table 1 below presents the definitions of the study covariates.

Statistical analyses

We calculated frequencies and percentages of SARS-CoV-2 positive persons who had died or
survived by patients’ characteristics. Incidence rates of COVID-19 mortality was calculated by
dividing the number of deaths by total person-time (in days) contributed by the entire study
population and presented per 100,000 person-days with 95% Confidence Intervals (95% CI).
We plotted Kaplan-Meier curves to examine the survival patterns of COVID-19 patients and
compare differences between patients’ characteristics using log-rank tests.

In addition, maps were developed to illustrate the geographical burden of COVID-19 in
Nigeria, as well as to demonstrate which areas either increased (or decreased) by comparing
the rates between Wave 1 and Wave 2. The incidence and mortality rates of COVID-19 were
estimated at a Local Government Authority-level (LGA). Due to data sparsity of census data
relating to the populations’ counts and composition in Nigeria for 2020 and 2021, we used
population density estimates produced by the Worldpop.org (https://www.worldpop.org/).

Table 1. Definition and classification of study covariates.

Variable} Definition

Epidemiologic week | It started with the week ending on the first Saturday of January; subsequent weeks began on
Sunday and ended on Saturday. The current study covered weeks 9 to 53 of 2020 and weeks 1
to 13 of 2021.

Epidemiologic wave | Epidemiological wave (herein: wave) was defined as the time from the start of a peak (first
week with increasing numbers of cases) to the end of a peak (week with a nadir of cases
before the subsequent rise). The wave was classified as the first wave (week 9-43 of 2020) and
the second wave (week 44 of 2020-week 13 of 2021).

Age (years) Based on self-reports by an individual patient or a relative, age was treated both as
continuous and categorical variables, depending on the study priority. As a categorical
variable, age was classified based on clinical relevance in our context: 0-17; 18-25; 26-35;
36-45; 46-55; 56-64; >65.

Sex It was classified as either male or female based on patient self-report.

Geopolitical zone They are classified as a categorical variable, according to their State composition: South-west
(Ekiti, Lagos, Ondo, Osun, Ogun, and Oyo States); South-south (Akwa-Ibom, Bayelsa, Cross-
River, Delta, Edo, and Rivers State); South-east (Abia, Anambra, Ebonyi, Enugu, and Imo
States); North-central (Benue, FCT, Kwara, Kogi, Nassarawa, Niger, and Plateau States);
North-west (Jigawa, Kebbi, Kaduna, Kano, Katsina, Sokoto, and Zamfara States); and North-
east (Adamawa, Bauchi, Borno, Gombe, Taraba, and Yobe States).

Symptomatic status | It was classified as a binary variable: Asymptomatic (no expression of any signs and
symptoms) and symptomatic (expression of at least one sign or symptom) at the point of
sample collection and completion of case investigation form. Signs and symptoms were
defined relative to 14 days before sample collection. Examples of COVID-19 signs and
symptoms included fever (axillary temperature of 37-5°C or higher.), cough, difficulty
breathing, diarrhoea, headache, etc.

Hospitalisation It was defined as the admission of a COVID-19 patient, either for isolation or clinical need
due to severity of illness, to a formal health facility for at least one night. It was classified as a
binary variable (yes/no).

Education at It was classified as a categorical variable in line with the Nigerian educational system: No
diagnosis formal education; nursery/primary; secondary; and tertiary.

+Comorbidity was not included in the study due to the high proportion of missing data.

https://doi.org/10.1371/journal.pgph.0000169.t001
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Detailed gridded population density data at a 100m-by-100m resolution were downloaded
from this resource [20]; the grid-cells for the raster were merged with the shapefile for Niger-
ia’s LGA boundary and through spatial overlays, we aggregated the grids to the LGA bound-
aries to estimate the total population for each LGA. The aggregated information was treated as
denominators in the calculations for incidence and death rates for COVID-19 expressed per
100,000. It is worth noting that the raster for 2021 population counts are currently unavailable
and therefore, we used those created for 2020 to calculate rates in Wave 1 (2020/2021) and
Wave 2 (2021) with the assumption that population sizes in 2020 and 2021 do not differ sub-
stantially. Base layers implemented for this analysis include the three political borders (i.e., the
shape file for the country, and the shape file for the states and LGA of Nigeria). They were orig-
inally sourced from GRID3 Nigeria (https://grid3.gov.ng). All geospatial analysis were carried
in RStudio. We used a negative binomial multivariable Poisson regression model to identify
risk factors associated with COVID-19 mortality. Our rationale for implementing a negative
binomial regression model in this scenario was that it is a much better model for handling
over-dispersed count data (as in the case of mortality related to COVID-19) than the tradi-
tional Poisson model. In addition, the model was informed by the frequency distribution of
death counts due to COVID-19, after aggregating the events by descriptive characteristic
groups, yielded large frequencies of groups with zero counts [21]. The selection of potential
risk factors for COVID-19 mortality was based on previous research [9], biological plausibility
and the availability of data routinely collected on the SORMAS platform. After the unadjusted
regression analyses, we identified variables for inclusion in the final multivariate negative
binomial regression analyses, using a stepwise (backward) elimination procedure. The level of
statistical significance for a variable to remain in the model was p<0-05, obtained from the
likelihood ratio test for categorical variables and Wald’s test for binary variables. Results are
expressed as Incidence Rate Ratios (IRR) with corresponding 95% Cls. All statistical analyses
were carried out in Stata version 16 (Stata Corp. LP, College Station, TX, United States of
America). This report is structured in adherence to the relevant STROBE statement (see S1
Checklist).

Results

The first wave included 65,790 patients diagnosed with COVID-19, with 1,832,290 person-
days contributed to analyses. The second wave included 91,089 patients diagnosed with
COVID-19, with 2,673,142 person-days contributed to analyses (Fig 1).

Background characteristics of COVID-19 patients in relation to clinical
outcome

There were 994 deaths (1-51%j; 994/65,790) in the first wave and 513 deaths (0-56%; 513/
91,089) in the second wave (Table 2). There were more deaths among older persons in both
first and second waves, with the highest proportions recorded among patients aged 65 years or
older (34:00% of deaths in the first wave and 43-27% in the second wave). A higher proportion
of deaths was recorded in males in both waves. Over half of recorded deaths in each wave were
among patients presenting with at least one symptom at diagnosis. There were fewer deaths
among hospitalised patients than in non-hospitalised patients in both waves, though the first
wave had more healthy patients.

Survival pattern of COVID-19 patients in the first and second waves

Figs 2 and 3 depict the survival of COVID-19 patients by selected demographic and clinical
characteristics in the first (left) and second (right) waves. Overall, the Kaplan-Meier survival
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Fig 1. A flow chart showing how the records, by wave, analysed for the study were selected.

https://doi.org/10.1371/journal.pgph.0000169.9001

plots show that patients had worse survival in the first wave than in the second wave. This
trend was reflected for all the sociodemographic and clinical characteristics explored in the
present study.

COVID-19 mortality rates in the first and second waves

The first wave had an overall mortality rate of 54-25 (50-98-57-73) per 100,000 person-days,
while the second wave had a lower rate of 19-19 (17-60-20-93) per 100,000 person-days
(Table 3). Mortality rates consistently increased with increasing age groups in both waves. The
highest mortality rates were recorded in patients aged 65 years or older during the first wave
[433-59; 389-75-482-37 per 100,000 person-days] and second wave [143-70; 125-98-163-90 per
100,000 person-days]. The mortality rate in male patients in the first wave was about twice as
high as that of female patients [65-06 vs 37-16 per 100,000 person-days], and it remained
higher in the second wave, albeit with a more marginal difference [22-18 vs 15-34 per 100,000
person-days]. Patients with secondary and tertiary education accounted for higher mortality
rates in both waves. Regionally, the highest COVID-19 mortality rates in the first and second
waves were recorded in the North-east [127-06; 102-98-156-77 per 100,000 person-days] and
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Table 2. Characteristics of COVID-19 patients, stratified by wave and clinical outcome.

Characteristic Wave 1 Wave 2
Survivor n = 64,796 (%) ‘ Deathn =994 (%) | Total N =65,790 | Survivor n = 90,576 (%) ‘ Deathn =513 (%) | Total N =91,089
CFR* (%) 1-51 0-56
Age group (year)
0-17 5,207 (8-04) 15 (1-51) 5,222 (7.94) 8,037 (8-87) 4 (0-78) 8,041 (8.83)
18-24 5,820 (11-44) 21 (2:11) 5,841 (8.88) 9,291 (10-26) 6(1-17) 9,297 (10.21)
25-34 16,463 (25-41) 51 (5-13) 16,514 (25.10) 22,731 (25-10) 15 (2-92) 22,746 (24.97)
35-44 15,997 (24-69) 103 (10-36) 16,100 (24.47) 20,014 (22-10) 33 (6:43) 20,047 (22.01)
45-54 10,085 (15-56) 174 (17-51) 10,259 (15.59) 14,030 (15-49) 70 (13-65) 14,100 (15.48)
55-64 5,278 (8-15) 257 (25-86) 5,535 (8.41) 8,095 (8-94) 136 (26-51) 8,231 (9.04)
>65 2,692 (4-15) 338 (34-00) 3,030 (4.61) 5,213 (5-76) 222 (43-27) 5,435 (5.97)
Missing 3,254 (5-02) 35(3-52) 3,289 (5.00)% 3,165 (3-49) 27 (5-26) 3,192 (3.50)%
Sex
Female 23,225 (35-84) 244 (24-55) 23,469 (35.67) 38,014 (41.97) 172 (33-53) 38,186 (41.92)
Male 40,388 (62-33) 742 (74-65) 41,130 (62.52) 52,075 (57-49) 341 (66-47) 52,416 (57.54)
Missing 1,183 (1-83) 8(0-80) 1,191 (1.81)% 487 (0-54) 0 (0-00) 487 (0.53)%
Education
None 3,983 (6-15) 55 (5-53) 4,038 (6.14) 2,842 (3-14) 13 (2-53) 2,855 (3.13)
Primary 1,355 (2-09) 21(2-11) 1,376 (2.09) 1,403 (1-55) 2(0-39) 1,405 (1.54)
Secondary 5,530 (8-53) 128 (12-88) 5,658 (8.60) 4,750 (5-24) 39 (7-60) 4,789 (5.26)
Tertiary 15,474 (23-88) 263 (26-46) 15,737 (23.92) 18,239 (20-14) 173 (33-72) 18,412 (20.21)
Missing 38,454 (59-35) 527 (53-02) 38,981 (59.25) % 63,342 (69-93) 286 (55-75) 63,628 (69.85)%
Geopolitical zone
South-west 31,610 (48-78) 262 (26-36) 31,872 (48.45) 39,110 (43-18) 124 (24-17) 39,234 (43.07)
South-south 7,955 (12-28) 253 (25-45) 8,208 (12.48) 8,597 (9-49) 102 (19-88) 8,699 (9.55)
South-east 4,263 (6-58) 93 (9-36) 4,356 (6.62) 4,647 (5-13) 37 (7:21) 4,684 (5.14)
North-central 12,160 (18-77) 161 (16-20) 12,321 (18.73) 23,728 (26-20) 140 (27-29) 23,868 (26.20)
North-west 6,040 (9-32) 138 (13-88) 6,178 (9.39) 10,622 (11-73) 80 (15-59) 10,702 (11.75)
North-east 2,768 (4-27) 87 (8-75) 2,855 (4.34)% 3,872 (4-27) 30 (5-85) 3,902 (4.28)
Symptomatic status
Asymptomatic 48,928 (75-51) 350 (35-21) 49,278 (74.90) 72,378 (79-91) 218 (42-50) 72,596 (79.70)
Symptomatic 15,868 (24-49) 644 (64-79) 16,512 (25.10)% 18,198 (20-09) 295 (57-50) 18,493 (20.30)%
Hospitalisation
No 30,543 (47-14) 425 (42-76) 30,968 (47.07) 49,213 (54-33) 171 (33-33) 49,384 (54.22)
Yes 6,548 (10-11) 314 (31-59) 6,862 (10.43) 1,132 (1-25) 102 (19-88) 1,234 (1.35)
Missing 27,705 (42-76) 255 (25-65) 27,960 (42.50)% 40,231 (44-42) 240 (46-78) 40,471 (44.43)%

CFR: Case Fatality Ratio.

= p-value <0.001.

*: Values may differ from those reported by the NCDC due to the study eligibility criteria.

https://doi.org/10.1371/journal.pgph.0000169.t002

South-south [41-02; 33-79-49-81 per 100,000 person-days], respectively. The lowest mortality
rate was recorded in the South-west for both waves: 28-69 (25-41-32-38) per 100,000 person-
days in the first wave and 10-66 (8-94-12-72) per 100,000 person-days in the second wave (see
S1 Table for the incidence rate of COVID-19 mortality for individual States of each geopoliti-
cal zone). Hospitalised patients recorded a higher mortality rate in both waves, with a higher
rate of death recorded in the second wave [307-39; 253-17-373-22 per 100,000 person-days]
than in the first wave [198-87; 178-05-222-13 per 100,000 person-days].
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Fig 2. Kaplan Meier plots showing the survival patterns of COVID-19 patients by age group, gender, and geopolitical zone in

wave 1 and wave 2.

https://doi.org/10.1371/journal.pgph.0000169.9g002
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Fig 3. Kaplan Meier plots showing the survival patterns of COVID-19 patients by hospitalisation and symptomatic status in wave 1 and

wave 2.

https://doi.org/10.1371/journal.pgph.0000169.g003

Geospatial distribution of incidence and mortality rates of COVID-19 in
the first and second waves

The outputs in Fig 4 illustrates the geospatial burden of COVID-19 reporting the incidence
and mortality rates by LGAs (within States) in Nigeria. In terms of incidence rates, the LGAs
situated in the South-west States (e.g., LA (Lagos), OG (Ogun), OY (Oyo) and ED (Edo)), as
well as LGAs in States in the central part of Nigeria (e.g., KD (Kaduna), FCT (Federal Capital
Territory), NA (Nasarawa), PL (Plateau) and BA (Bauchi)) have incidence rates of COVID-19
either range between 101-500 per 100,000, and four LGAs exceeding 500 per 100,000. In
terms of incidence rates, we observed that the LGAs with the highest burden in the first wave
(Fig 4 (top-left)) were Eti-Osa (cases: 5,854, incidence rate: 1,136.03 per 100,000) followed by
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Table 3. COVID-19 mortality rates during the first and second wave in Nigeria.

Variable Wave 1 (n = 65,524 patients) Wave 2 (n = 90,390 patients)
Death | Person-days at Mortality rate (95% CI) per 100,000 Death | Person-days at Mortality rate (95% CI) per 100,000
risk person-days risk person-days
Overall rate 994 1,832,290 54-25 (50-98-57-73) 513 2,673,140 1919 (17-60-20-93)
Age group (year)
0-17 15 144,330 10-39 (6-27-17-24) 4 237,840 1-68 (0-63-4-48)
18-24 21 163,480 12-85 (8-38-19-70) 6 273,640 2-19 (0-99-4-88)
25-34 51 467,110 10-92 (8-30-14-37) 15 671,780 2-23(1-35-3-70)
35-44 103 450,930 22-84 (18-83-27-71) 33 589,600 5-60 (3-98-7-87)
45-54 174 284,170 61-23 (52-78-71-04) 70 413,820 16-92 (13-38-21-38)
55-64 257 149,990 171-34 (151-62-193-63) 136 239,010 56-90 (48-10-67-31)
>65 338 77,950 433-59 (389-75-482-37) 222 154,490 143-70 (125-98-163-90)
Missing 35 94,330 37-10 (26-64-51-68) 27 92,950 29-05 (19-92-42-36)
Sex
Female 244 656,720 37-16 (32-77-42-12) 172 1,121,230 15-34 (13-21-17-81)
Male 742 1,140,530 65-06 (60-54-69-91) 341 1,537,460 22-18 (19-95-24-66)
Missing 8 35,050 22-83 (11-42-45-65) 0 14,440 -
Education
None 55 115,050 47-80 (36-70-62-26) 13 81,400 15-97 (9-27-27-50)
Nursery/primary 21 37,070 5665 (36-94-86-89) 2 40,800 4-90 (1-23-19-60)
Secondary 128 152,850 83-74 (70-42-99-58) 39 138,760 28-11 (20-53-38-47)
Tertiary 263 434,890 60-48 (53-59-68-24) 173 535,940 32-28 (27-81-37-47)
Missing 527 1,092,430 48-24 (44-29-52-54) 286 1,876,240 15-24 (13-58-17-12)
Geopolitical zone
South-west 262 913,370 2869 (25-41-32-38) 124 1,162,860 10-66 (8-94-12-72)
South-south 253 214,060 118-19 (104-49-133-69) 102 248,640 41-02 (33-79-49-81)
South-east 93 123,420 75-35 (61-49-92-33) 37 136,640 27-08 (19-62-37-37)
North-central 161 344,220 46-77 (40-08-54-59) 140 705,670 19-84 (16-81-23-41)
North-west 138 168,750 81-78 (69-21-96-63) 80 308,250 25-95 (20-85-32-31)
North-east 87 68,470 127-06 (102-98-156-77) 30 111,090 27-00 (18-88-38-62)
Symptomatic
status
Asymptomatic 350 1,384,980 25-27 (22-76-28-06) 218 2,142,850 10-17 (8-91-11-62)
Symptomatic 644 447,310 143-97 (133-27-155-53) 295 530,290 55-63 (49-63-62-35)
Hospitalisation
No 425 865,030 49-13 (44-68-54-03) 171 1,447,420 11-81 (10-17-13-72)
Yes 314 157,890 198-87 (178-05-222-13) 102 33,180 307-39 (253-17-373-22)
Missing 255 809,370 31-51 (27-87-35-62) 240 1,192,530 20-13 (17-73-22-84)

The highest recorded mortality rate is bold for each characteristic (the two highest mortality rates are bolded for the geopolitical zone).

https://doi.org/10.1371/journal.pgph.0000169.t003

Lagos Mainland (cases: 4,272, incidence rate: 860.48 per 100,000) which are both located in the
state of Lagos. The burden of COVID-19 in wave 2 intensifies (Fig 4 (top-right)), with more
LGAs from States in the South-west and Central parts of Nigeria having incidence rates enter-
ing ranges of 101-500 per 100,000, and more (i.e., five LGAs) exceeding 500 per 100,000. In
terms of mortality rates, while the burden of mortality is marginal across the country; however,
it is concentrated in southern and central region of Nigeria. As shown in wave 1, the following
states most affected where mortalities are clustered in LGAs were LA (Lagos), ED (Edo), DE
(Delta), EB (Ebonyi), FCT (Federal Capital Territory) and NA (Nasarawa) (Fig 4 (bottom-
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C) COVID-19 mortality rate—wave 1 D) COVID-19 mortality rate—wave 2

Fig 4. A Nigerian map showing COVID-19 incidence and mortality rates during the first and second waves.
https://doi.org/10.1371/journal.pgph.0000169.g004

left)). Note that the standalone LGA with the greatest burden was Gombe (in the State of
Gombe (GO)) with a mortality rate of 14.07 per 100,000. In wave 2, these patterns were dimin-
ished, however, the clusters only remained in LGAs for FCT (Federal Capital Territory), ED
(Edo) and increased in OY (Oyo) (see Fig 4 (bottom-right)). The standalone LGA with the
greatest burden in wave 2 was Keffi (in Nasarawa (NA)) with a mortality rate of 16.57 per
100,000.

Fig 5 compares changes between Wave 2 and Wave 1 to show where there is a growing bur-
den of COVID-19 in Nigeria-where data are available, we can see that LGAs in the following
states: NA (Nasarawa), KD (Kaduna), FCT (Federal Capital Territory), AD (Adamawa), KW
(Kwara), KB (Kebbi) and OG (Ogun) have an increased incidence rate of COVID-19. How-
ever, for mortality rates, there is a broad decrease in such rates, but it should be noted that
LGAs in the southern part of OY (State of Oyo) show a marginal increase in the mortality due
to COVID-19 where such rates range 1-10 per 100,000.

Socio-demographic and clinical characteristics of patients associated with
COVID-19 mortality in the first and second waves

The unadjusted IRR showed that all patient characteristics (age group, gender, education, geo-
political zone, symptomatic status, and hospitalisation) were significantly associated with
COVID-19 mortality in both waves (Table 4). The risk of COVID-19 mortality generally
increased with increasing age group in both waves, especially among patients aged 35 years or
older compared with children (0-17 years). Compared to female patients, the IRR in male
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Fig 5. A Nigerian map showing the changes in COVID-19 incidence and mortality rates during the first and second waves.

https://doi.org/10.1371/journal.pgph.0000169.g005
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Table 4. Negative binomial regression modelling of COVID-19 mortality rate ratios during the first and second wave in Nigeria.

Variable Wave 17 Wave 2
Unadjusted incidence | LRT p- | Adjusted incidence | LRT p- | Unadjusted incidence | LRT p- | Adjusted incidence | LRT p-
rate ratios (95% CI) value rate ratios (95% CI)T value rate ratios (95% CI) value rate ratios (95% CI)T value
Age group
(year)
0-17 1-00 <0-0001 1-00 <0-0001 1-00 <0-0001 1-00 <0-0001
18-24 1-38 (0-64-3-00) 1-30 (0-65-2-61) 1-08 (0-25-4-62) 1-02 (0-27-3-86)
25-34 1-58 (0-79-3-18) 1-22 (0-66-2-26) 1-56 (0-43-5-65) 113 (0-35-3-68)
35-44 3-70 (1-91-7-20) 2-68 (1-50-4-79) 4-56 (1-35-15-41) 3-05 (0-99-9-35)
45-54 10-36 (5-44-19-73) 6-80 (3-87-11-94) 19-22 (5-90-62-66) 9-80 (3-30-29-09)
55-64 27-18 (14-41-51-25) 16-55 (9-50-28-84) 60-47 (19-14-191-11) 29-19 (10-04-84-88)
>65 75-12 (40-01-141-01) 37-81 (21-78-65-63) 124-29 (39-74-388:71) 5293 (18:33-152-91)
Sex
Female 1-00 <0-0001 1-00 <0-0001 1-00 0-007 1-00 0-0214
Male 2-41 (1-79-3-24) 1-59 (1-33-1-89) 1-78 (1-17-2-71) 1-36 (1-02-1-80)
Education
None 1-00 0-0014 1-00 0-0001 1-00 <0-0001 1-00 0-0005
Nursery/ 1-05 (0-51-2-15) 1-42 (0-83-2-44) 0-28 (0-05-1-56) 0-50 (0-11-2-38)
Primary
Secondary 2-37 (1-38-4-06) 1-68 (1-17-2-40) 2-38 (0-99-5-68) 2-58 (1-25-5-34)
Tertiary 1-17 (0-70-1-95) 0-96 (0-69-1-35) 5-35(2-38-12-06) 2-51 (1-29-4-88)
Geopolitical
zone
South- west 1-00 0-0021 1-00 <0-0001 1-00 0-0109 1-00 0-0483
South-south 1-38 (0-89-2-15) 1-34 (1.03-1-74) 0-94 (0-50-1-80) 1-84 (1-16-2-91)
South-east 2.03 (1-25-3-29) 1-82 (1-36-2-43) 0-32 (0-15-0-69) 1-18 (0-69-2-03)
North-central 0-86 (0-55-1-34) 1-25 (0-96-1-61) 0-42 (0-22-0-78) 1-67 (1-10-2-54)
North-west 1-20 (0-75-1-93) 1-80 (1-38-2-33) 0-65 (0-35-1-21) 1-81 (1-17-2-81)
North-east 1-97 (1-20-3-25) 311 (2-31-4-19) 0-50 (0-25-1-02) 1-55 (0-89-2-71)
Symptomatic
status
Asympto 1-00 <0-001* 1-00 <0-001* 1-00 <0-001* 1-00 <0-001*
matic
Symptomatic 6-58 (5-:06-8-57) 3.64 (3-05-4-34) 5-70 (3-91-8:30) 2-86 (2:12-3-86)
Hospitalisat ion
No 1-00 <0-0001 1-00 <0-0001 1-00 <0-0001 1-00 <0-0001
Yes 5.61 (4-09-7-71) 297 (2-40-3-67) 18-67 (11-28-30-89) 9.45 (6-24-14-29)

T: All Incidence Rate Ratios are mutually adjusted for all other variables in the table.
LRT: Likelihood ratio test

*: Wald’s p-value.

Statistically significant results (p<0-05) are in bold.

IRR values of variables (e.g., sex and hospitalisation) with missing categories were excluded in this table.

https://doi.org/10.1371/journal.pgph.0000169.t004

patients was two-fold higher [IRR 2-41; 95% CI: 1-79-3-24] in the first wave and 78% higher
[IRR 1-78; 95% CI: 1-17-2-71] in the second wave. In both waves, patients with secondary and
tertiary education had an increased risk of COVID-19 mortality compared to the uneducated
at diagnosis. Except for the North-central, the IRR for COVID-19 mortality in the first wave
was higher in patients in other geopolitical zones than those in the South-west. Although not
statistically significant, a reverse trend was noted in the second wave in that patients in all the
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zones recorded a lower risk of mortality than those in the South-west. The IRR in symptomatic
patients in the first wave was about 7 times higher [IRR 6-58; 5-06-8-57] than in asymptomatic
patients at testing; a similar trend was noted in the second wave. Likewise, the risk of COVID-
19 mortality in hospitalised patients was significantly higher than in non-hospitalised patients
in both waves.

Apart from geopolitical zone that was marginally statistically significant (p = 0-0483) in the
second wave, all the patients’ characteristics remained significantly associated with COVID-19
mortality in both waves in the adjusted model. Except for patients aged 18 to 34 years, the risk
of COVID-19 mortality in the first wave was higher in patients aged 35 years or older than in
children. A similar trend was observed in the second wave, except the age group at risk of
COVID-19 mortality increased to 45 years or older. Compared to female patients, the adjusted
IRR for male patients was 59% [95% CI: 1-33-1-89] higher in the first wave and 36% [95% CI:
1-02-1-80] higher in the second wave. The risk of COVID-19 mortality in symptomatic
patients was 4 times higher [aIRR 3-64; 3-05-4-34] in the first wave and 3 times higher [aIRR
2.-86; 2-12-3-86] in the second wave, compared to asymptomatic patients at testing. Compared
to non-hospitalised patients, hospitalisation remained significantly associated with a higher
risk of COVID-19 mortality, both in the first [aIRR 2-97; 2-40-3-67] and second [aIRR 9-45;
6-24-14-29] waves. Patients with secondary education remained at higher risk of COVID-19
mortality than the uneducated in the first wave, as were those with tertiary education in the
second wave.

Discussion
Summary and interpretation of key findings

The COVID-19 mortality rate was substantially higher in the first wave [54-25 per 100,000 per-
son-days; 95% CI: 50-98-57-73] than in the second wave [19-19; 95% CI: 17-60-20-93]. Patients
who were older, male, symptomatic at diagnosis and required hospitalisation were at higher
risk of COVID-19 mortality during both waves. To date, there is limited evidence on the use of
the measures of effect in our study to facilitate a direct comparison of findings. Therefore, it is
difficult to categorically state that the incidence rates of COVID-19 mortality in the present
study are low or high. However, a Mexican study reported a mortality rate of 4-94 per 1000
person-years [22], which is higher than our values. This could be due to the sole focus of the
Mexican study on symptomatic COVID-19 patients only, as opposed to ours that focused on
both symptomatic and asymptomatic patients. In South Africa, the incidence rates of in-hospi-
tal deaths in both first (3-6 deaths per 100,000 people) and second (8-3 deaths per 100,000)
waves appear to be lower than those in our study [23], despite our focus being on both hospi-
talised and non-hospitalised patients. Overall, the 30-day COVID-19 mortality rate suggest
that there were not a lot of COVID-19 patients at risk of death, as indicated by the survival
curves which did not reach the value of zero, albeit the patients who died did so at a very high
rate. Of note, the COVID-19 mortality trends identified in Nigeria could be related to the
under-detection of cases. This is because, as of writing, Nigeria has conducted 14.87 tests per
1,000 population, with Ethiopia conducting 30.39 tests per 1,000 population and South Africa
conducting 300.71 tests per 1,000 population [5]. Outside Africa, the US, UK, and Argentina,
respectively, have conducted 1,792.22, 4,193.57 and 531.85 tests per population during the
same period [5].

The higher incidence rate of COVID-19 mortality in the first wave compared to the second
wave in the present study could be attributable to several factors. First, home-based care in
Nigeria was rolled out towards the end of the first wave, which became well established in the
second wave. Home-based care in the Nigerian context is when a person confirmed to have
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COVID-19 is provided with required medical care at home by a family member, a friend, or
an identified person, with clinical advice and support from designated health workers [16]. It
is, therefore, possible that a higher triage threshold was applied for hospitalisation, resulting in
fewer but more severe patients being hospitalised.

Concerning hospitalisation among COVID-19 deaths and survivors, 10% of survivors were
hospitalised in wave 1, while only 1% in wave 2. This substantial difference could be attribut-
able to improvement in case management, including ambulatory care, such that very few
COVID-19 patients needed hospitalisation. However, despite the minimal difference in the
proportion of missing data for this patient group in both waves (43% in the first wave and 44%
in the second wave), under-reporting of COVID-19 cases in the second wave is a reasonable
explanation and worth considering. Another notable difference between the two waves is how
much worse hospitalised patients seemed to do during the second wave compared to the first
wave. Increased in-hospital mortality in the second wave in South Africa was attributed to the
admission of older patients, increased health system pressure and predominance of SARS--
CoV-2 Beta lineage [23]. This is similar to the characteristics of patients hospitalised in the sec-
ond wave in Nigeria, with a significant proportion presenting with severe illness,
comorbidities and needing specialised medical care [Personal Communication with COVID-
19 Treatment Centres’ Manager]. Although there were fewer hospitalisations and more deaths
in the second wave, the observed trend has important implications for public health in Nigeria.
It potentially implies a need to prioritise the integration of health security and universal health
coverage, which currently run separately in Nigeria. The finding also underlines a gap in ability
of existing healthcare systems to deliver life-saving treatment when resources are stretched by
a surging pandemic or circulation of a more dangerous variant of SARS-CoV-2. The use of
genomic data to identify which SARS-CoV-2 strains predominated in Nigeria’s first and sec-
ond waves would have aided the understanding of these findings. However, African countries,
including Nigeria, have contributed few SARS-CoV-2 genomic data towards the global pool
[24].

Unsurprisingly, COVID-19 patients asymptomatic at testing accounted for about half of
deaths in the second wave but had a much lower mortality rate (10-17 per 100,000 person-
days) than symptomatic patients (55-63 per 100,000 person-days) during this wave. The posi-
tive association between being symptomatic at diagnosis and increased rate and risk of
COVID-19 mortality in both waves in the present study is also not surprising. Compared with
asymptomatic patients at testing, those who present with COVID-19 symptoms tend to be
older and present with a high prevalence of comorbidities, characteristics shown to be associ-
ated with increased risk of COVID-19-related mortality [25-27]. Furthermore, the finding of
male patients being at higher risk of COVID-19 mortality than their female counterparts in
the present study is congruent with existing literature [9, 28]. Possible explanations for the
higher susceptibility of males over females include hormonal differences and gender-specific
lifestyle [29], as well as the burden of comorbidities [30]. We found geographic differences in
the rate and risk of COVID-19 mortality in both waves. Notably, patients in the South-west
region of Nigeria had the lowest mortality rates in both waves. This finding could be attributed
mainly to the location and importance of Lagos State (the epicentre of COVID-19 in the coun-
try) in the region. Lagos is the most populated urban state and a central domestic and interna-
tional travel hub in Nigeria [31]. For example, Lagos Murtala Muhammed International
Airport remained the busiest airport for both international and domestic travellers in 2018,
serving at least 3.5 million passengers (48.7% of total air passengers across Nigeria) in the first
half of 2018; 41.8% of these passengers were international passengers [32]. As such, Lagos State
promptly conducted a risk assessment for COVID-19 and based on the assessment outcomes,
instituted appropriate public health interventions, including training and re-training public
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health personnel in case management, risk communications and equipping laboratories and
treatment centres with relevant supplies.

Conversely, there was a high incidence and risk of COVID-19 mortality in the North-east,
despite accounting for the lowest absolute mortality counts in both waves. This could be that
there was low testing capacity in the state and the likelihood is that the people who were tested
and therefore, included in the SORMAS database had more severe illness leading to more
deaths in the state. Adamawa is an example of such a state that relies on sending samples to
neighbouring States or the NCDC National Reference Laboratory in Abuja. It is also worth
noting that Kogi State in North-central Nigeria contributed minimal data to the analyses (S1
Table) due to governmental policies.

The higher risk of COVID-19 mortality among educated patients compared to the less edu-
cated patients could be explained by several factors. First, it is possible that compared with
less-educated COVID-19 patients, those with a higher level of education are more likely to
lead a sedentary lifestyle due to the nature of their jobs, be overweight/obese, and have comor-
bidities [33]; these have been identified as risk factors for COVID-19 mortality [34]. Second,
patients with a higher level of education tend to be more internationally mobile which puts
them at greater risk of COVID-19 infection than their less-educated counterparts. Moreover,
educated patients, who are more likely to reside in more structured settings for ease of contact
tracing, may be more likely to be followed up and therefore have their clinical outcome ascer-
tained than their less-educated counterparts (who are more likely to reside in peri-urban
settings).

Study strengths, limitations, and generalisability

To the best of our knowledge, this large, retrospective cohort study is the first in Nigeria (and
possibly in an African setting) to have estimated the incidence rates of COVID-19 mortality
and associated risk factors across two epidemiological waves. Findings from this study will
therefore be crucial to public health agencies and health facilities in evaluating existing
COVID-19 case management strategies and advocating for more investments in surveillance
systems. We utilised laboratory-confirmed COVID-19 records, thus minimising misclassifica-
tion of the denominator population in estimating the incidence rate; however, we lacked data
on the validation of COVID-19 deaths by clinicians on SORMAS irrespective of SARS-CoV-2
test outcome. In the absence of clinical confirmation of the cause of mortality, some deaths in
the present study might not be COVID-19 related, thus leading to an overestimation of
COVID-19 mortality. Our dataset was obtained via the IDSR platform, meaning data from all
the levels of governance (federal, state, and local), including those from persons managed at
home had the opportunity of being captured by the surveillance system. However, our evi-
dence using data from SORMAS directly depends on the strength of routine national surveil-
lance data collection. Therefore, the mixture of active and passive nature of COVID 19 testing
in Nigeria implies that our findings may not fully represent the COVID-19 situation in the
country, especially at the community level and during the second wave when a substantial
decline in contact tracing was noted. The use of data from SORMAS also limited our capacity
to explore additional risk factors for COVID-19 mortality including comorbidities (hyperten-
sion and diabetes) [35].

Additionally, we lacked sufficient variables to ascertain the significant association between
socioeconomic status (measured by the Distressed Communities Index (DCI) and its compo-
nents) on COVID-19-related mortality [36]. However, although the significant effect of educa-
tional level has been noted elsewhere [36], weighted categories of education and occupation, as
recommended by Ibadin and Akpede [37], might be more feasible for determining
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socioeconomic status in Nigeria than DCI. We assumed that mortalities among persons who
tested positive for SARS-CoV-2 were COVID-19-related. In addition, our definition of survi-
vors included a loss to follow-ups, some of whom could have died.

In conclusion, the rate of COVID-19 mortality in Nigeria was higher in the first wave than
in the second wave. While this could suggest improvement in public health response and care
during the second wave, potential limitations of the surveillance data used for this study need
to be considered. Further, the regional differences in COVID-19 suggest that policymakers
need to address regional equity in access to testing and quality of care to mitigate the deleteri-
ous impacts of the ongoing third wave in Nigeria. The findings also underline the importance
of prioritising the integration of health security and universal health coverage in a resource-
limited setting, such as Nigeria. Lastly, the findings have provided novel and context-specific
evidence for interpreting the COVID-19 burden in Nigeria and possibly in other WHO Afri-
can countries with similar population profiles and surveillance systems.
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