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ABSTRACT

Objective Despite the increasing disease burden, there is
a dearth of context-specific evidence on the risk factors for
COVID-19 positivity and subsequent death in Nigeria. Thus,
the study objective was to identify context-specific factors
associated with testing positive for COVID-19 and fatality
in Nigeria.

Design Retrospective cohort study.

Setting COVID-19 surveillance and laboratory centres in
36 states and the Federal Capital Territory reporting data to
the Nigeria Centre for Disease Control.

Participants Individuals who were investigated for SARS-
CoV-2 using real-time PCR testing during the study period
27 February—8 June 2020.

Methods COVID-19 positivity and subsequent mortality.
Multivariable logistic regression analyses were performed
to identify factors independently associated with both
outcome variables, and findings are presented as adjusted
ORs (aORs) and 95% Cls.

Results A total of 36 496 patients were tested for
COVID-19, with 10517 confirmed cases. Of 3215
confirmed cases with available clinical outcomes, 295
died. Factors independently associated with COVID-19
positivity were older age (p value for trend<0.0001), male
sex (a0R 1.11,95%Cl 1.04 to 1.18) and the following
presenting symptoms: cough (aOR 1.23, 95% Cl 1.13 to
1.32), fever (aOR 1.45, 95% Cl 1.45 to 1.71), loss of smell
(@0R 7.78,95% Cl 5.19 to 11.66) and loss of taste (aOR
2.50, 95% Cl 1.60 to 3.90). An increased risk of mortality
following COVID-19 was observed in those aged >51
years, patients in farming occupation (aOR 7.56, 95% Cl
1.70 to 33.53) and those presenting with cough (aOR 2.06,
95% Cl 1.41 to 3.01), breathing difficulties (aOR 5.68, 95%
Cl 3.77 to 8.58) and vomiting (aOR 2.54, 95% Cl 1.33 to
4.84).

Conclusion The significant risk factors associated with
COVID-19 positivity and subsequent mortality in the
Nigerian population are similar to those reported in studies
from other countries and should guide clinical decisions for
COVID-19 testing and specialist care referrals.
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Strengths and limitations of this study

» This is the first study to identify contextual socio-
demographic and clinical factors associated with
COVID-19 positivity and subsequent death in Nigeria.

» The use of the Surveillance, Outbreak Response
Management and Analysis System platform as data
source suggests our findings are relatively repre-
sentative of COVID-19 epidemiology in Nigeria.

» The study might be susceptible to selection bias
considering the high proportion of missing data and
use of complete case analysis to handle missing
data.

» The use of either nasopharyngeal or nasal swab,
plus oropharyngeal swab for COVID-19 test could
bias our estimates if it had resulted in a systematic
difference in case classifications.

INTRODUCTION

Since the outbreak was declared a pandemic
by the WHO on 11 March 2020,' COVID-19
has spread rapidly to all continents. As of
2 August 2020, the WHO has recorded
17660523 laboratory-confirmed cases of
COVID-19 and 680894 deaths,2 resulting in a
global case fatality ratio of 3.9%. On the same
date, the Nigeria Centre for Disease Control
(NCDC) reported that Nigeria had 43841
confirmed COVID-19 cases and 888 deaths.”
Although understanding of COVID-19 clin-
ical and epidemiological features is still
evolving worldwide, evidence suggests that
being male, older, obese and a smoker
are significant risk factors for contracting
SARS-CoV-2 infection."™® Clinical features
shown to be associated with increased severity
and mortality include expectoration, muscle
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pain and decreased serum albumin level.* Furthermore,
comorbidities, including hypertension, diabetes, cardio-
vascular disease, chronic lung disease and cancer, have
been found to be associated with poor patient clinical
outcome and COVID-19 death.”®

Describing the contextual factors associated with
COVID-19 and its associated clinical outcomes will
help frontline healthcare workers to facilitate effective
and prompt diagnosis and care of infected patients.’
A study on the clinical presentation, case management
and outcomes for the first 32 patients with COVID-19 in
Nigeria found that patients were predominantly male
with a mean age of 38 years.'” COVID-19 epidemiology
in Nigeria between 28 February and 6 June 2020 noted a
total of 12289 confirmed cases; 3467 of these had known
clinical outcome (recovered and discharged or died), 342
of whom died."" The highest proportion of COVID-19
cases and deaths were recorded in persons aged 31-40
years and 61-70 years, respectively; and men accounted
for a higher proportion of confirmed cases and deaths.
Amid limited testing capacity, triaging based on clinical
case definition or presumptive diagnosis would be useful
to frontline healthcare workers for flagging potential
COVID-19 cases.'® However, there appears to be a paucity
of evidence on how commonly recorded clinical and
sociodemographic characteristics are associated with
COVID-19 infection and subsequent death in Nigeria, as
well as how they compared with what might be obtain-
able elsewhere. This is even more imperative, considering
the increasing number of confirmed COVID-19 cases and
deaths recorded in Nigeria on a daily basis. Therefore,
this study aimed to fill this research gap by identifying
sociodemographic and clinical characteristics associ-
ated with testing positive for COVID-19 and subsequent
mortality.

METHODS

Study design, period and settings

This is a retrospective cohort study (ie, a retrospective
analysis of individuals in the Nigeria surveillance and
laboratory data with some follow-up data on who died/
survived) from 27 February to 8 June 2020. Nigeria is
administratively divided into 36 states and the Federal
Capital Territory (FCT), which are further organised into
six geopolitical zones: South-South, South-West, South-
East, North-East, North-West and North-Central.

Data source

The Surveillance, Outbreak Response Management and
Analysis System (SORMAS)—an open-source real-time
electronic health surveillance database maintained by
NCDC"”—provided the data for this study. In 2017, NCDC
adopted SORMAS as its primary digital surveillance plat-
form for implementing the Integrated Disease Surveil-
lance and Response system'* and customised it for the
surveillance of priority diseases of public health impor-
tance in Nigeria. As part of the country’s preparedness

activities, a COVID-19 module was developed and added
to SORMAS in January 2020.

Study population and data collection

The study population comprised individuals who were
investigated for SARS-CoV-2 using real-time PCR (RT-
PCR) testing and captured on SORMAS during the study
period. Eligibility for a RT-PCR test is, however, depen-
dent on meeting the NCDC COVID-19 suspect case defi-
nition.”” Sample collection, transportation and analysis
were performed according to the NCDC guidelines for
identifying and reporting suspect COVID-19 cases."®
Trained health workers completed a detailed case investi-
gation form and collected at least one nasopharyngeal or
nasal swab and one oropharyngeal swab from suspected
COVID-19 cases using synthetic fibre swabs. Triple-
packed specimens were transported aseptically in viral
transport media to the nearest NCDC-certified laboratory
for COVID-19 while maintaining a temperature range of
2°C-4°C. In line with the WHO guidelines,l7 RT-PCR was
used for the laboratory diagnosis of COVID-19. Labora-
tory results and sociodemographic and clinical data (signs
and symptoms) were inputted into SORMAS by desig-
nated state public health officials and health workers.

Handling missing data

A definitive diagnosis of COVID-19 was defined as a posi-
tive RT-PCR test. For clinical variables, we assumed missing
symptom data (ie, not marked as present or absent) to
be negative. This was considered a reasonable assump-
tion, given data recording by busy healthcare workers was
pragmatic in nature and is in line with common practice
in epidemiological research.' ' Moreover, individuals
with no recorded clinical symptoms (ie, yes or no) were
excluded from the analysis. For sociodemographic vari-
ables, the complete-case approach to handling missing
data was used. In exploring the association between study
participants’ characteristics and outcome variables, we
excluded sociodemographic variables (eg, type of residen-
tial setting, education completed and health facility type)
with over 30% missing data to minimise potential selec-
tion bias. A flowchart showing the processes for selecting
the final dataset for this study is shown in figure 1.

Definition of key study variables

Covariates presumed to be potentially associated with
either outcome variable were identified based on research
evidence®™ ¥ and biological plausibility of available data.
Definitions of both outcome and covariates are presented
in table 1.

Statistical analyses

All analyses were conducted using STATA V.13. A p value
of <0.05 was considered statistically significant. Sociode-
mographic and clinical characteristics in relation to both
outcome variables were described using frequencies and
percentages (%) for binary/categorical variables, with
mean and SD for normally distributed continuous vari-
ables. Toassess the association between individual covariate
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Figure 1
Outbreak Response Management and Analysis System.

and the outcome variables, unadjusted logistic regression
analyses were performed in turn for each outcome vari-
able, presenting the findings as unadjusted ORs and 95%
confidence intervals (CIs). This was followed by multivari-
able analyses using a stepwise multiple logistic regression
to assess the association between an outcome variable and
each statistically significant covariate from the unadjusted
analyses. In summary, all statistically significant covariates
following the unadjusted analyses were included in the
multivariable model and removed one at a time from the
model based on statistical significance (p values from the
LRT for categorical variables and Wald’s test for binary
variables) until all the covariates left in the model were
statistically significant. Findings from the multivariable
model were presented as adjusted ORs (aORs) and 95%
CIs. The report of this study is structured as per the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.

Patient and public involvement

Being an analysis of a secondary dataset, it was not possible
to involve patients or the public in the design, conduct,
reporting or dissemination plans of this study.

Description of the selection processes for data used in this study. RT-PCR, real-time PCR; SORMAS, Surveillance,

RESULTS

Patient characteristics associated with COVID-19 positivity
Characteristics of the study participants in relation to COVID-19
There were 36496 individuals with a definitive RT-PCR test
result (positive or negative) during the study period, 28.8%
(10 517/36 496) of whom were positive for SARS-CoV-2
(table 2). The mean age of the study participants and
persons with RI-PCR-confirmed COVID-19 was 35.6 (SD
15.0) and 37.2 (SD 15.7) years, respectively. Individuals
aged 31-40 years accounted for the highest proportion
of the study participants (28.9% (10 270/35 567)) as well
as confirmed COVID-19 cases (27.3% (2762/10 107)).
A higher proportion of the study participants (656%, 23
653/36 287) and confirmed COVID-19 cases (67.7%,
7070/10 438) were men. Of the 19711 study participants
with information on education, 17.2% and 66.5% had
completed secondary and tertiary education, respectively;
similar trends were recorded in confirmed COVID-19
cases. Sixteen per cent (4490/27 658) of the study partici-
pants and about 14% (1075/7499) of confirmed COVID-19
cases were healthcare workers. Regarding clinical variables,
19.6% and 17.2% of 36496 study participants presented at
diagnosis with fever and cough, respectively.

Elimian KO, et al. BMJ Open 2020;10:e044079. doi:10.1136/bmjopen-2020-044079

"ybuAdoo Aq paroslold 1senb Aq #7202 ‘Sz |dy uo jwodfwqg uadolway/:dny wouy papeojumod 0z0z lequiadad /T Uo 6/0¥70-020z-uadolwag/oeTT 0T Se paysiignd sy :uado CING


http://bmjopen.bmj.com/

Open access

I

Table 1

Definition of study outcome variables and covariates

Variable Definition

Qutcome variables
COVID-19 positivity
Death

COVID-19 positivity was defined as either presence or absence of SARS-CoV-2 by RT-PCR confirmation (yes/no).
Death (coded 1) was defined as an individual diagnosed with RT-PCR-confirmed COVID-19 who died during the

study period. A survivor (coded 0) was defined as a COVID-19 case who recovered and was discharged based on
the NCDC discharge criteria in use at the date of discharge.'®

Covariates

Age group

Age (in years) was based on self-reports by an individual or a relative and was treated as a categorical variable as

opposed to a continuous variable due to the p value (p<0.05) obtained from the LRT. Its classification was informed
by local clinical and public health relevance in the study context (eg, under-five mortality and immunisation
programme): 0-4, 5-13, 14-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, >80. For the analysis of clinical
outcome which had a smaller sample size, however, the number of age categories was reduced to 0-20, 21-30,

31-40, 41-50, 51-60, 61-70 and >71.

Current occupation

Based on available data on SORMAS, occupation was classified as follows: pupil/student, child; housewife; trader/

business; healthcare worker (eg, nurse, clinician and laboratorian); animal-related work (eg, butcher and hunter);
farmer; religious/traditional leader; transporter; and other. The choice of student (who were out of school for most
part of this study period) as the reference group was based on ease of interpretation of findings.

Travel history

Clinical variables

Travel history was classified as none, local and international travel in the 14 days before the RT-PCR test.

These were assessed using a combination of self-reports by COVID-19 suspects and/or their relatives and clinical

assessment by a healthcare worker and were defined relative to 14 days before sample collection and diagnosis.
Clinical signs and symptoms (coded yes/no) include abdominal pain, chest pain, chills/sweat, confusion, cough,
diarrhoea, difficulty breathing, fatigue, fever (an axillary temperature of >37.5°C), headache, joint pain, malaise,
muscle pain, nausea, pharyngeal exudate, rapid breathing, runny nose, sore throat, vomiting, loss of smell and loss

of taste.

Geopolitical zone of
residence

To minimise unstable estimates of effect from small samples (which was the case for some states such as Kogi
and Cross-River states), individual states were merged into their respective geopolitical zones as follows: South-

West (Ekiti, Lagos, Ogun, Ondo, Osun and Oyo states); South-South (Akwa-lbom, Bayelsa, Cross-River, Rivers,
Delta and Edo states); South-East (Abia, Anambra, Ebonyi, Enugu and Imo states); North-Central (Benue, Kogi,
Kwara, Nasarawa, Niger, and plateau states, as well as the FCT); North-West (Jigawa, Kaduna, Kano, Katsina,
Kebbi, Sokoto and Zamfara states); and North-East (Adamawa, Bauchi, Borno, Gombe, Taraba and Yobe states).
Given its large size (ie, number of records in relation to both outcome variables), the South-West was chosen as the

reference region.

FCT, Federal Capital Territory; LRT, Likelihood Ratio Test; NCDC, Nigeria Centre for Disease Control; RT-PCR, real-time PCR; SORMAS, Surveillance,

Outbreak Response Management and Analysis System.

Association between patient characteristics and COVID-19
positivity

In the unadjusted model, older age was significantly asso-
ciated with higher odds of COVID-19 positivity compared
with children under the age of byears old, especially in
those aged 71-80 years (OR 2.03, 95% CI 1.58 to 2.62)
(table 3). The odds of COVID-19 positivity was 17%
higher in men than in women (OR 1.17,95% CI 1.12% to
1.23%). For occupation, the odds of testing positive was
26% lower in farmers (OR 0.74, 95% CI 0.59% to 0.93%)
than in students. Individuals who presented at diagnosis
with cough (OR 1.21, 95%CI 1.15 to 1.28), fever (OR
1.59, 95% CI 1.51 to 1.69), loss of smell (OR 9.91, 95% CI
7.09 to 13.86) and loss of taste (OR 6.62, 95% CI 4.76 to
9.21) had higher ORs for testing positive for SARS-CoV-2
than those without these symptoms. In contrast, the odds
of testing positive was 24% (OR 0.76, 95% CI 0.70% to
0.83%) lower in those who presented at diagnosis with a
sore throat than those who did not.

The adjusted model contained age group, sex, geopo-
litical zone of residence, occupation, travel history,
chest pain, chills/sweat, cough, fatigue, fever, headache,
malaise, sore throat, loss of smell, and loss of taste. The

odds of testing positive for COVID-19 remained signifi-
cantly (p value for trend <0.0001) higher for older
age groups, notably for those aged 31 years and above,
when compared with children under 5 years. The odds
of COVID-19 positivity was 11% higher in men than in
women (aOR 1.11, 95% CI 1.04% to 1.18%). Residing
in the North-West (aOR 1.41, 95% CI 1.28 to 1.54) and
North-East (aOR 1.46, 95% CI 1.26 to 1.69) was associated
with higher odds of testing positive. In contrast, residing
in the South-South (aOR 0.49, 95% CI 0.44 to 0.54) and
North-Central (aOR 0.63, 95CI 0.58 to 0.69) remained
significantly associated with lower odds of testing positive
for COVID-19 than in the South-West. The observed asso-
ciation in farmers remained significant (aOR 0.59, 95% CI
0.46 to 0.76) in the fully adjusted model. Conversely, a
history of local travel (aOR 0.75, 95% CI 0.66 to 0.85)
and international travel (aOR 0.52, 95% CI 0.44 to 0.61)
before diagnosis was associated with lower odds compared
with those without a travel history. For clinical signs and
symptoms, cough (aOR 1.23, 95% CI 1.13 to 1.32), fever
(aOR 1.45, 95% CI 1.45 to 1.71), loss of smell (aOR
7.78, 95% CI 5.19 to 11.66) and loss of taste (aOR 2.50,
95% CI 1.60 to 3.90) at diagnosis remained significantly
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Table 2_Deseripion of patient charactristios with suspected and confimed OOVID-19

Positive RT-PCR test Negative RT-PCR test Totalt P value (Wald’s
Factor (n (%)) (n (%)) (N (%)) test)

Age group (years)§ n=10107 n=25460 N=35567

Sex n=10438 n=25849 N=36287 <0.001
Female 3368 (32.3) 9266 (35.9) 12634 (34.8)
Male 7070 (67.7) 16583 (64.2) 23653 (65.2)

Geopolitical zone n=10517 n=25979 N=36 496 <0.001
South-West 5252 (49.9) 11453 (44.1) 16705 (45.8)
South-South 875 (8.3) 4033 (15.5) 4908 (13.5)
South-East 204 (1.9) 570 (2.2) 774 (2.1)
North-Central 1210 (11.5) 4882 (18.8) 6092 (16.7)
North-West 2196 (20.9) 2996 (11.5) 5192 (14.2)
North-East 780 (7.4) 2045 (7.9) 2825 (7.7)

Occupation n=7499 n=20159 N=27658 <0.001
Pupil/student 653 (8.7) 2016 (10.0) 2669 (9.7)
Child 116 (1.6) 283 (1.4) 399 (1.4)
Housewife 147 (2.0) 374 (1.9) 521 (1.9)
Trader/business 679 (9.1) 1762 (8.7) 2441 (8.8)
Healthcare worker 1075 (14.3) 3415 (16.9) 4490 (16.2)
Animal-related work 22 (0.3) 56 (0.3) 78 (0.3)
Farmer 109 (1.5) 455 (2.3) 564 (2.0)
Religious/traditional leader 32 (0.4) 64 (0.3) 96 (0.4)
Transporter 41 (0.6) 154 (0.8) 195 (0.7)
Other 4625 (61.7) 11580 (57.4) 16205 (58.6)

Continued

(3]
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Table 2 Continued

Positive RT-PCR test Negative RT-PCR test Totalt P value (Wald’s

Factor (n (%)) (n (%)) (N (%)) test)

Clinical factors (only the figures for symptoms presented/yes are presented)

Mean (SD) temperature (°C)* 37.0 (1.0) 36.7 (1.0) 36.8 (1.0)

n=10517% n=25979% N=364961

Abdominal pain 31(0.3) 103 (0.4) 134 (0.4) 0.146
Chest pain 160 (1.5) 309 (1.2) 469 (1.3) 0.011
Chills/sweat 63 (0.6) 104 (0.4) 63 (0.6) 0.011
Confusion 14 (0.1) 29 (0.1) 43 (0.1) 0.588
Cough 2298 (21.8) 4865 (18.7) 7163 (19.6) <0.001
Diarrhoea 327 (3.1) 815 (3.1) 1142 (3.1) 0.890
Breathing difficulty 768 (7.3) 1892 (7.3) 2660 (7.3) 0.948
Fatigue 216 (2.0) 294 (1.1) 510 (1.4) <0.001
Fever 2334 (22.2) 3941 (15.2) 6275 (17.2) <0.001
Headache 583 (5.5) 808 (3.1) 1391 (3.8) <0.001
Joint pain 54 (0.5) 104 (0.4) 158 (0.4) 0.136
Malaise 92 (0.9) 100 (0.4) 192 (0.5) <0.001
Muscle pain 96 (0.9) 231 (0.9) 327 (0.9) 0.828
Nausea 311 (3.0) 729 (2.8) 1040 (2.8) 0.432
Pharyngeal exudate 3(0.0) 9 (0.0) 12 (0.0) 0.770
Rapid breathing 61 (0.6) 115 (0.4) 176 (0.5) 0.086
Runny nose 986 (9.4) 2377 (9.2) 3363 (9.2) 0.500
Sore throat 818 (7.8) 2590 (10.0) 3408 (9.3) <0.001
Vomiting 228 (2.2) 577 (2.2) 805 (2.2) 0.754
Loss of smell 170 (1.6) 43(0.2) 213 (0.6) <0.001
Loss of taste 130 (1.2) 49 (0.2) 179 (0.5) <0.001

*Based on 11151 records.

TApplicable to all clinical signs and symptoms (10517 confirmed COVID-19 cases and 36496 total cases (ie, confirmed COVID-19 and non-cases)).
FBased on 36496 total records (25979 (71.2%) negative RT-PCR and 10517 (28.8%) positive RT-PCR).
§Mean (SD) age of persons who tested positive was 37.2 (15.7) years, 34.9 (14.7) years for non-cases and 35.6 (15.0) years for total study

participants.

N, total cases comprising both confirmed COVID-19 and non-cases; n, confirmed COVID-19 cases only.

associated with a positive test result. Whereas presenta-
tion at diagnosis with a sore throat remained negatively
associated with a positive test for COVID-19 (aOR 0.70,
95% C1 0.64 to 0.78).

Patient characteristics associated with COVID-19 death
Characteristics of the study participants in relation to COVID-19
death

We had data on clinical outcome (recovery vs death) for
3215 patients with RI-PCR-confirmed COVID-19 during
this study period (table 4). There were 295 (9.2%) deaths
with a median time to death of 3 (IQR 1-7) days. The
mean age at death was 55.9 (SD 16.2) years, while the
mean age for the survivors was 35.6 (SD 15.3) years. Indi-
viduals aged 31-40 years accounted for the highest propor-
tion of records of clinical outcome at 25.2% (789/3134);
however, those 61-70 years accounted for the highest
proportion of COVID-19 deaths at 28.7% (83/289). A
higher proportion of deaths was observed in men (81.0%,
239/295). Of the 3215 study participants, 30.9%, 28.2%

and 10.8% presented at diagnosis with fever, cough and
breathing difficulty, respectively, while 46.4%, 52.2% and
36.9% of 295 persons who died presented at diagnosis
with cough, fever and breathing difficulty, respectively.

Association between patient characteristics and COVID-19 death

In the unadjusted model, the odds of COVID-19 death
increased progressively with increasing age group,
reaching about 51-fold increase (OR 50.50, 95% CI 22.73
to 112.21) in persons aged 61-70 years when compared
with those aged 0-20 years (table 5). The odds of
COVID-19 death was 78% higher in men than in women
(OR 1.78, 95% CI 1.32 to 2.41). The odds of COVID-19
death was about 25 times higher (OR 24.93, 95% CI 6.83
to 90.94) in farmers than in students. Presentation at diag-
nosis with abdominal pain, chest pain, cough, confusion,
difficulty breathing, diarrhoea, fatigue, fever, joint pain,
malaise, nausea, rapid breathing and vomiting was posi-
tively associated with increased odds of COVID-19 death.
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Factor Unadjusted OR (95% CI) P value (LRT) aOR (95%CI)t P value (LRT)

Age group (year) (n=35567)

0-4 1 1
5-13 1.20 (0.98 to 1.47) 1.29 (0.99 to 1.68)
14-20 1.19 (0.98 to 1.45) 1.36 (1.05 to 1.78)
21-30 1.04 (0.87 to 1.25) 1.16 (0.90 to 1.50)
31-40 1.15 (0.97 t0 1.38) 1.31 (1.01 to 1.69)
41-50 1.43 (1.20 (1.71) 1.63 (1.26 to 2.11)
51-60 1.54 (1.28 to 1.85) 1.71 (1.31 t0 2.23)
61-70 1.94 (1.58 10 2.37) 1.88 (1.41 to 2.50)
71-80 2.03 (1.58 to 2.62) 2.04 (1.45 to 2.88)
>80 1.95(1.37 t0 2.78) 1.74 (1.07 to 2.83)

Geopolitical zone of residence (n=36496)

South-West 1 1

South-South 0.47 (0.44 to 0.51) 0.49 (0.44 to 0.54)
South-East 0.78 (0.66 to 0.92) 1.01 (0.84 to 1.21)
North-Central 0.54 (0.50 to 0.58) 0.63 (0.58 to 0.69)
North-West 1.60 (1.50 to 1.70) 1.41 (1.28 to 1.54)
North-East 0.83 (0.76 to 0.91) 1.46 (1.26 to 1.69)

Travel history (n=36278)

No 1 1
Local 0.81(0.74 to 0.90) 0.75 (0.66 to 0.85)
International 0.43 (0.36 to 0.50) 0.52 (0.44 to 0.61)

Abdominal pain (n=36496) 0.147t

Yes 0.74 (0.50 to 1.11)

Chills/sweat (n=36496) 0.0111 0.6391
Yes 1.50 (1.10 to 2.05) 1.10 (0.74 t0 1.62)

Cough (n=36496) <0.001t <0.001t
Yes 1.21 (1.15t0 1.28) 1.23 (1.13 t0 1.32)

Continued
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Factor Unadjusted OR (95% CI) P value (LRT) aOR (95%Cl)t P value (LRT)

Breathing difficulty (n=36496)
Yes 1.00 (0.92 to 1.09)

0.948t

Fever (n=36496)
Yes 1.59 (1.51 to 1.69)

<0.001t <0.001%

1.58 (1.45 to 1.71)

Joint pain (n=36496)
Yes 1.28 (0.92 to 1.79)

0.1371

Muscle pain (n=36496)
Yes 1.03 (0.81 to 1.30)

0.828t

Pharyngeal exudate (n=36496)
Yes 0.82 (0.22 to 3.04)

0.771%

Runny nose (n=36496)
Yes 1.03 (0.95to 1.11)

0.500t

Vomiting (n=36496)
Yes 0.98 (0.84 to 1.14)

0.754%

Loss of taste (n=36496)
Yes 6.62 (4.76 t0 9.21)

<0.0011

<0.001t
2.50 (1.60 to 3.90)

Significant results are in bold fonts.
*P value for trend.
tWald'’s p value.

127038 records were available for the first (both statistically and non-statistically significant variables) and the final (only statistically significant variables)

multivariable logistic regression models.
aOR, adjusted OR; LRT, Likelihood Ratio Test.

The adjusted model comprised age group, sex, geopo-
litical zone of residence, occupation, travel history,
abdominal pain, chest pain, confusion, cough, diarrhoea,
breathing difficulty, fatigue, fever, joint pain, malaise,
nausea, rapid breathing and vomiting. Persons aged
51-60years (OR 2.93, 95% CI 1.10 to 7.81), 61-70years
(OR 14.53,95% CI 5.35 to 39.43) and =71 years (OR 10.81,
95% CI 3.70 to 31.60) remained significantly more at risk
of COVID-19 death compared with those aged 0-20years.
The odds of death was about eight times higher in
farmers (OR 7.56,95% CI 1.70 to 33.53) than in students.
Conversely, the adjusted odds of COVID-19 death was 86%
lower in individuals with a record of international travel

14 days before diagnosis (OR 0.14, 95% CI 0.04 to 0.47)
than in those without a travel history. Regarding clinical
variables that remained significant in the adjusted model,
the odds of COVID-19 death was higher among persons
who presented at diagnosis with cough (OR 2.06, 95% CI
1.41 to 3.01), breathing difficulty (OR 5.68, 95% CI 3.77
to 8.58) and vomiting (OR 2.54, 95% CI 1.33 to 4.84).

DISCUSSION

Principal findings

This study has identified sociodemographic and clinical
characteristics associated with COVID-19 positivity and
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COVID-19 clinical outcomet

Dead Recovered
Factor (n (%)) (n (%))

Median (IQR) time to death (days)

Sex n=295 n=2912
Female 56 (19.0) 858 (29.5)
Male 239 (81.0) 2054 (70.5)

Total
(n (%))

3 (1-7)*

N=3207
914 (28.5)
2293 (71.5)

P value (Wald’s test)

<0.001

Geopolitical zone n=295 n=2920
South-West 83 (28.1) 1138 (39.0)
South-South 47 (15.9) 206 (7.1)
South-East 3(1.0 34 (1.2)
North-Central 28 (9.5) 308 (10.6)
North-West 103 (34.9) 1047 (35.9)
North-East 31 (10.5) 187 (6.4)

Education completed n=153 n=1656

No formal education 8(5.2) 121 (7.3)
Nursery/primary 6 (3.9) 87 (5.3)
Secondary 29 (19.0) 300 (18.1)
Tertiary 99 (64.7) 1051 (63.5)
Alternative (eg, Almajiri) 11(7.2) 97 (5.9)

N=3215
1221 (38.0)
253 (7.9)

37(1.2)
336 (10.5)
1150 (35.8)

218 (6.8)

N=1809
129 (7.1)
93 (5.1)
329 (18.2)
1150 (63.6)
108 (6.0)

<0.001

0.766

Continued
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Table 4 Continued

COVID-19 clinical outcomet

Dead Recovered Total
Factor (n (%)) (n (%)) (n (%)) P value (Wald’s test)
Travel history n=290 n=2883 N=3173 0.005
No 270 (93.1) 2495 (86.5) 2765 (87.1)
Local 16 (5.5) 282 (9.8) 298 (9.4)
International 4(1.4) 106 (3.7) 110 (3.5)
Clinical factors (only the figures for symptoms presented/yes are presented)
Mean (SD) temperature (°C)t 37.3(1.3) 37.1 (1.0) 37.1 (1.0)

n=295** n=2920** N=3215"*
Abdominal pain 6 (2.0) 14 (0.5) 20 (0.6) 0.001
Chest pain 14 (4.8) 53 (1.8) 67 (2.1) 0.001
Chills/sweat 3(1.0) 26 (0.9) 29 (0.9) 0.827
Confusion 4(1.4) 4(0.1) 8(0.3) <0.001
Cough 154 (52.2) 751 (25.7) 905 (28.2) <0.001
Diarrhoea 20 (6.8) 112 (3.8) 132 (4.1) 0.015
Breathing difficulty 109 (36.9) 237 (8.1) 346 (10.8) <0.001
Fatigue 24 (8.1) 93 (3.2) 117 (3.6) <0.001
Fever 137 (46.4) 855 (29.3) 992 (30.9) <0.001
Headache 20 (6.8) 251 (8.6) 271 (8.4) 0.285
Joint pain 6 (2.0) 22 (0.7) 28 (0.9) 0.024
Malaise 13 (4.4) 60 (2.0) 73 (2.3) 0.010
Muscle pain 6 (2.0) 49 (1.7) 55 (1.7) 0.653
Nausea 16 (5.4) 87 (3.0) 103 (3.2) 0.023
Rapid breathing 11 3.7) 21(0.7) 32 (1.0) <0.001
Runny nose 32 (10.8) 297 (10.2) 329 (10.2) 0.715
Sore throat 35 (11.9) 296 (10.1) 331 (10.3) 0.352
Vomiting 26 (8.8) 59 (2.0) 85 (2.6) <0.001
Loss of smell 1(0.3) 22 (0.8) 23 (0.7) 0.421
Loss of taste 5(1.7) 25 (0.9) 30 (0.9) 0.153

*Based on 167 available records with death and sample collection dates.
1Based on 1157 records.

FBased on a total record of 3215; 7302 persons diagnosed with COVID-19 did not yet have a clinical outcome during the study period.
§Mean (SD) age at death was 55.9 (16.2) years, 35.6 (15.3) years for survivors and 37.5 (16.5) years for total study participants.

9P value for trend.

**Applicable to all clinical signs and symptoms (295 deaths from COVID-19 infection and 3215 total cases (death and survivor from COVID-19

infection)); clinical factors had no missing data.

N, total cases of clinical outcome (death and survivor from COVID-19 infection); n, death from COVID-19 infection only.

subsequent death in Nigeria between 27 February and 8
June 2020. Overall, older age, male sex, residing in the
North-West and North-East regions, and presenting at
diagnosis with cough, fever, loss of smell or taste were
positively associated with COVID-19 positivity. Conversely,
residing in the South-South and North-Central regions,
farming occupation, a travel history and presenting at
diagnosis with a sore throat were negatively associated
with COVID-19 positivity. For COVID-19 death, older
age, farming occupation and presenting at diagnosis with
cough, breathing difficulty or vomiting were positively
associated with COVID-19 death, whereas a history of
international travel showed a negative association with
COVID-19 death.

Strengths and weaknesses of the study

To our knowledge, this is the first national investigation
of both sociodemographic and clinical factors associated
with COVID-19 infection and death in Nigeria, with our
evidence helping to fill a significant research gap. Though
COVID-19 diagnosis was ascertained using RT-PCR testing
(the gold standard for SARS-CoV-2 diagnosis), itis possible
for RT-PCR sensitivity to differ across states possibly due
to variations in swab technique (especially in individuals
with lower viral loads). In such a scenario, our findings
could be biased if any of the identified sociodemographic
and clinical factors had an association with differences in
viral load, rather than actual SARS-CoV-2 infection.”’ The
use of SORMAS data suggests our findings are relatively

10

Elimian KO, et al. BMJ Open 2020;10:2044079. doi:10.1136/bmjopen-2020-044079

"ybuAdoo Aq paroslold 1senb Aq #7202 ‘Sz [dy uo jwodfwqg uadolway/:dny wouy papeojumod ‘0z0z lequiadad /T Uo 6/0¥70-020z-uadolwag/9eTT 0T Se paysiignd 1si1y :uado CING


http://bmjopen.bmj.com/

Open access

|I

Factor Unadjusted OR (95% Cl) P value (LRT) aOoR (95% CI)t P value (LRT)
Seciodemograpticfactors

Age groups, year (n=3134) <0.0001 <0.0001*

0-20 1 1

21-30 2.21 (0.93 to 5.28) 0.57 (0.19 to 1.68)

31-40 2.23 (0.96 to 5.20) 0.64 (0.22 to 1.80)

41-50 5.35 (2.37 to 12.07) 1.39 (0.51 to 3.75)

51-60 15.19 (6.91 to 33.39) 2.93 (1.10 to 7.81)

61-70 50.50 (22.73 to 112.21) 14.53 (5.35 to 39.43)

>71 59.44 (25.26 to 139.88) 10.81 (3.70 to 31.60)

Geopolitical zone (n=3215) <0.0001 0.1915
South-West 1 1

South-South 3.13 (2.12 to 4.61) 1.49 (0.83 t0 2.67)

South-East 1.21 (0.36 t0 4.02) 1.50 (0.33 t0 6.94)

North-Central 1.25 (0.80 to 1.95) 1.69 (0.93 to 3.07)

North-West 1.35 (1.00 to 1.82) 1.68 (1.06 to 2.69)

North-East 2.27 (1.46 to 3.53) 2.10 (0.96 to 4.62)

Travel history (n=3173) 0.0022 0.0004
No travel 1 1
Local 0.52 (0.31 to 0.88) 0.69 (0.35 to 1.34)
International 0.35(0.13 to 0.95) 0.14 (0.04 to 0.47)
Ciinical signs and symptoms (o, coded 0, is the reference group with an OR of 1.00)
Abdominal pain (n=3215) 0.003t 0.7331
Yes 4.31(1.64 to 11.30) 0.73 (0.12 to 4.52)

Chills/sweat (n=3215) 0.827t
Yes 1.14 (0.34 to 3.80)
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Cough (n=3215) <0.0011 <0.001%1
Yes 3.15 (2.47 t0 4.02) 2.06 (1.41 to 3.01)

Continued
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Table 5 Continued

Factor Unadjusted OR (95% CI) P value (LRT) aOR (95% CI)t P value (LRT)

Breathing difficulty (n=3215) <0.001t <0.001%
Yes 6.63 (5.06 to 8.70) 5.68 (3.77 to 8.58)

Fatigue (n=3215) <0.001t 0.752t
Yes 2.70 (1.69 to 4.29) 1.15 (0.48 to 2.80)

Fever (n=3215) <0.0011 0.060t

Yes 2.10 (1.64 to 2.67) 1.49 (0.98 to 2.26)

Headache (n=3215) 0.2861
Yes 0.77 (0.48 to 1.24)

Joint pain (n=3215) 0.030t 0.7371
Yes 2.73 (1.10 to 6.80) 1.30 (0.28 to 6.10)

Malaise (n=3215) 0.0121 0.9261
Yes 2.20 (1.19 to 4.05) 1.06 (0.29 to 3.91)

Muscle pain (n=3215) 0.6541

Yes 1.22 (0.52 to 2.86)

Nausea (n=3215) 0.025t 0.730t
Yes 1.87 (1.08 to 3.23) 0.88 (0.42 to 1.85)

Rapid breathing (n=3215) <0.001t 0.9361
Yes 5.35 (2.55 to 11.20) 1.05 (0.32 to 3.45)

Runny nose (n=3215) 0.715%
Yes 1.07 (0.73 to 1.58)

Sore throat (n=3215) 0.353t1
Yes 1.19 (0.82 t0 1.73)

Vomiting (n=3215) <0.0011
Yes 4.69 (2.91 to 7.56) 2.54 (1.33 to 4.84) 0.0051

Loss of smell (n=3215) 0.4331
Yes 0.45 (0.06 to 3.34)

Loss of taste (n=3215) 0.1611

Yes 2.00 (0.76 to 5.25)

Significant results are in bold fonts.
*P value for trend<0.0001.
TWald’s p value.

2179 records were available for the first multivariable logistic regression model and 2185 records for the final adjusted multivariable logistic

regression model (ie, excluding the variables with p>0.05).
aOR, adjusted OR; LRT, Likelihood Ratio Test.

representative of COVID-19 epidemiology in the country,
as health facilities in the 36 states and the FCT are manda-
torily required to report surveillance data to the NCDC.
Additionally, activation of an emergency operation centre
in response to the outbreak is often characterised by
active case finding both within and beyond health facil-
ities, suggesting the inclusion of COVID-19 cases at the
community level. Nevertheless, it is worth noting that
the suboptimal testing capacity for COVID-19 testing in
the country—especially in states other than the FCT and
Lagos—within the study period could potentially affect
the representativeness of our findings.

Our study is however subject to a number of limitations.
A prominent challenge with using surveillance data for
research is missing data—this was the case for some socio-
demographic variables in our study. Using complete case

analysis to handle missing data and dropping individuals
withoutatleasta positive clinical record further decreased
the sample size available for analysis and subsequently,
the statistical power. Moreover, our estimated ORs may be
biased if the data are not missing completely at random.
However, our approach to handling missing data yields
unbiased estimates for most regression models when the
chance of being a complete case does not depend on the
outcome after accounting for covariates.”’ The lack of
data on comorbidities, known risk factors for COVID-19
death,” is also a limitation of this study. Lastly, the use of
either nasopharyngeal or nasal swab, alongside oropha-
ryngeal swab, for COVID-19 diagnosis in our context has
the potential to bias our estimates if there was a systematic
difference in case classification based on case definition.
COVID-19 diagnosis using mid-turbinate nasal swab may
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be less reliable compared with nasopharyngeal sample,
particularly in individuals with lower viral loads in the
upper respiratory tract.”

Interpretation and potential implications of findings

Factors associated with COVID-19 positivity

The higher odds of COVID-19 positivity in adults in the
current study could be attributable, in part, to socioeco-
nomic or work activities. The higher odds of COVID-19
positivity in men compared with women could be attrib-
utable to a combination of genetic, physiological and
sociocultural factors. For example, the broader distribu-
tion of SARS-CoV-2 cellular receptor, ACE-2, in men as
compared with women has been postulated as a possible
explanation.”* Additionally, in a patriarchal system such
as Nigeria’s, men are more likely to engage in economic
activities outside of the household, hence the possible
increase in exposure to SARS-CoV-2. In recent times,
however, women are increasingly partaking in the work-
force, such that traditional patterns of ‘male breadwinner
and female family support’ are quickly shifting.*” A higher
proportion of men testing positive for SARS-CoV-2 has
also been reported in the UK.*

Identification of clinical factors associated with
increased risk of COVID-19 is of paramount relevance
for clinical case management of patients, especially in
Nigeria with consistently increasing COVID-19 cases and
limited molecular testing capacity. Presenting at diagnosis
with cough, fever, loss of smell and taste was positively
associated with COVID-19 positivity in Nigeria. Although
the predictive capacity of these clinical factors was not
covered in this study, our findings are congruent with
those from a recent review of the predictors of COVID-19
positivity in patients with suspected infection.® Given
the endemicity of infectious diseases in Nigeria which
often present with fever (eg, malaria, Lassa fever and
yellow fever), clinical utility of fever alone for predicting
COVID-19 positivity could be limited in the absence of a
confirmatory diagnosis by RT-PCR. Despite the late docu-
mentation of loss of smell (anosmia) and taste (ageusia)
(documentation commenced after the first 6weeks of
COVID-19 epidemic in Nigeria), presenting at diagnosis
with any of these symptoms was significantly and posi-
tively associated with COVID-19 positivity than the other
variables which showed a similar association. These symp-
toms have been identified as part of COVID-19 neurolog-
ical manifestations globallly.27 Sore throat was negatively
associated with COVID-19 positivity in the current study,
similar to evidence in the USA with study participants
comprising entirely of healthcare workers.® Generally, it
is difficult to ascertain the specific causes of sore throat
without a differential diagnostic test as it can be caused
by infections with viruses or with bacteria® or by a violent
cough or chemical irritation.”

There were variations regarding the odds of COVID-19
positivity among the residents of other geopolitical zones
relative to the South-West. Compared with the South-
West, negative association with COVID-19 positivity by

virtue of residency in the South-South and North-Central
could be attributable to relatively low testing capacity and
minimal contribution of data on confirmed COVID-19
cases. Cross-River State in the South-South accounted for
zero confirmed COVID-19 cases while Kogi State in the
North-Central accounted for two confirmed cases during
the study period. The higher odds of COVID-19 positivity
among North-East residents as compared with those of
South-West is in conformity with a previous projection by
the United Nations Development Programme in April
2020.°" Despite the absence of reports of confirmed
COVID-19 cases in the North-East then, there was a projec-
tion of a high COVID-19 burden in the region, especially
in internally displaced persons camps and host commu-
nities in Borno, Adamawa and Yobe states, where many
of the prescribed preventive measures (eg, restriction on
mass gathering) will be challenging to implement. The
higher odds of COVID-19 positivity among North-West
residents as compared with those of the South-West do not
have obvious explanations; however, testing availability
and uptake could potentially explain the observed differ-
ences. In the early phase of the outbreak, Kano state (with
a 2020 projected population of over 14million people
and with the highest number of confirmed COVID-19
cases in the North-West during this study period) delayed
in testing for COVID-19 partly due to (1) limited capacity
for molecular testing and (2) contextual challenges asso-
ciated with testing uptake by residents.”> An example of
a contextual challenge in Kano state was a widespread
misconception about COVID-19 transmission and associ-
ated deaths in the state. This is evidenced by the use of
verbal autopsy to confirm COVID-19-related deaths in the
state.”® Nevertheless, it is worth noting that use of aggre-
gated data by region means it is difficult to generalise
these findings to individual states, given the likelihood of
an ecological fallacy.”* Compared with students, farmers
had lower odds of COVID-19 positivity in the current
study, which could be partly attributable to lesser agricul-
tural activities (including transportation via shared vehi-
cles) and consequent decrease in SARS-CoV-2 exposure.
A history of international travel was found to be nega-
tively associated with COVID-19 positivity and subsequent
death in the current study. This is contrary to the ratio-
nale for closing international airports (essential travels
including the delivery of health commodities and repa-
triation of stranded Nigerian citizens did occur occasion-
ally) from 23 March 2020 to the time of writing. Itis logical
to presume that international travellers after the formal
closure of airports would be less likely to be exposed to
SARS-CoV-2 infection on the basis on their travel arrange-
ments and not representative of the general population in
Nigeria. This is because such flights would be less full and
adhere to physical distance measures, along with special
infection prevention and control measures instituted by
NCDC. Furthermore, the international airports them-
selves would be less crowded, and mandatory screening
for COVID-19 at least based on fever was a routine prac-
tice at Nigerian airports. Thus, the international travel
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in itself, under these circumstances, may not present an
increased risk of exposure to SARS-CoV-2 infection. It is
also worth noting that the observed association between
international travel and COVID-19 positivity and clin-
ical outcome cannot be interpreted as a causal associ-
ation. A history of local travel (either by local flight or
by road) was also negatively associated with COVID-19
positivity. While the explanations for international travels
may not be totally applicable to that of local travel, there
was an enforcement of physical distancing (eg, spacing
of passengers) in the course of local travel by multiple
agencies (eg, road safety commission and local trans-
portation union) across the country. Implementation of
such measures, however, resulted in increased cost and
shortage of transportation.”

Factors associated with COVID-19 death

Similar to available evidence,36 older adults were more
likely to develop adverse clinical outcome, such as death,
in the current study. In China, for example, adults, espe-
cially those aged 65years or over, had about fourfold
increase in risk of COVID-19 death compared with chil-
dren.”” The higher odds of COVID-19 death in older
adults than those aged 0—20years in our study could be
explained by a greater burden of immunosenescence in
the former than in the latter. Thymic atrophy increases
with increasing age, which decreases the production of
T cells and immunological responses to pathogens and
increases the potential for adverse clinical outcome™
from persistent inflammation or multiorgan failure and
death in elderly people.” Unlike the risk of COVID-19
positivity, we found the odds of COVID-19 death to be
higher in farmers than in students. This could be partially
attributable to poor health-seeking behaviours by farmers,
many of whom practice subsistence agriculture and are
based in rural areas with poor road networks in Nigeria,
which is an important barrier to accessing healthcare.*
Thus, our finding underlines the need to engage diverse
health stakeholders, including patent medicine vendors
that are often the preferred choice of healthcare in rural
areas,” to effectively address contextual barriers to health
service use by farmers.

We found breathing difficulty (dyspnoea) to be posi-
tively associated with COVID-19 death. This is in tandem
with existing evidence from systematic review and meta-
analysis.” * Also found to be positively associated with
COVID-19 death was vomiting at diagnosis. Gastrointes-
tinal symptoms, including vomiting, have been linked with
a poor disease course in patients with COVID-19, possibly
due to either viral replication in the gastrointestinal
tract, causing more severe disease or non-presentation
of common respiratory symptoms in the early stage of
illness.* This finding could have an important implica-
tion for management and prognosis for patients with
COVID-19 with pre-existing digestive comorbidities.
Unlike COVID-19 positivity, fever was not significantly
associated with COVID-19 death in this study. While this is
in agreement with an existing evidence,* it appears that

the relative ease of assessment and prompt detection of
fever triggers the initiation of appropriate healthcare and
consequently protect against adverse clinical outcome.’
The negative association between international travel
and COVID-19 death could be reflective of targeted
public health measures instituted by the Nigerian govern-
ment. For instance, international travellers were offered
customised COVID-19 information and NCDC contact
details at airports and, depending on COVID-19 epide-
miology in the country of departure, were followed up
by NCDC ad hoc staff using mobile numbers or emails.
Thus, presentation for SARS-CoV-2 testing and adoption
of preventive measures (eg, use of face masks and routine
hand hygiene) by international travellers may be more
likely than in non-travellers.

CONCLUSION

The significant risk factors associated with COVID-19 posi-
tivity and subsequent death in the Nigerian population
are similar to those reported in studies from other coun-
tries and should guide clinical decisions for COVID-19
testing and specialist care referrals.
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