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Abstract 
Malaria and COVID-19, though caused by different organisms, share a sig-
nificant number of symptoms like fever, headaches, difficulty in breathing 
and fatigue. Therefore, determining if a patient is positive for COVID-19 or 
Malaria based on symptoms alone, might be misleading, especially during 
pandemic response. It has been reported that an individual begins to manifest 
Malaria symptoms between 10 - 15 days after infection with malaria parasite, 
although some individuals may be asymptomatic. Some COVID-19 infected 
patients, like Malaria, are also asymptomatic but could contribute to trans-
mission of SARS-CoV-2 virus. These similarities in symptoms have led to 
misconception about COVID-19 being real and misdiagnoses of both infec-
tions, especially in Nigeria. However, there are possibilities that Malaria and 
COVID-19 could co-exist in some individuals thereby leading to misma-
nagement and treatment of only one infection while neglecting the possibility 
of the patient being infected with both diseases. We aim to determine possible 
correlation between Malaria and COVID-19 in a Malaria endemic country 
like Nigeria. This study was carried out using the qPCR molecular testing ap-
proach, a gold standard for COVID-19 testing and rapid diagnostic test kits 
to detect Malaria parasites in 617 individuals residing in urban settings. We 
demonstrated that COVID-19 and Malaria infection amongst adults in urban 
settings are unrelated thereby focusing on symptoms alone may result in mis-
diagnosis. Our findings show that Malaria is not among the underlying med-
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ical conditions strongly associated with increased risk for severe COVID-19 
illness amongst adults in urban settings. 
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1. Introduction 

In December 2019, a viral pneumonia disease COVID-19 caused by novel coro-
navirus SARS-CoV-2, was discovered in Wuhan City, Hubei Province, China 
and has since created a global disruption in the healthcare system [1]. The dis-
ease is transmitted by people in close contact with one another and through res-
piratory droplets when an infected person coughs or sneezes and the droplet en-
ters the eyes, nose, and mouth [2]. The virulent nature and transmission pattern 
made the COVID-19 pandemic a serious global health threat [3]. 

Malaria is a disease burden majorly in the tropical and subtropical region 
which includes sub-Saharan Africa, Asia and Latin America in which sub-Saharan 
Africa results in 93 percent of malaria cases and 94% cases of malaria mortality 
[4]. In 2018, WHO reported that 50% of the malaria cases were reported by 6 
African countries: Nigeria (25%), the Democratic Republic of the Congo (12%), 
Uganda (5%), and Côte d’Ivoire, Mozambique and Niger (4% each). Malaria is 
an acute febrile illness with flu-like symptoms such as fever, chills, headaches, 
nausea, vomiting, fatigue and body aches [4]. However, malaria could also cause 
severe illness majorly by the Plasmodium falciparum, such as severe anemia, 
kidney failure, cardiac arrest, hypoglycemia in pregnant women (after treatment 
with quinine), cerebral malaria-seizures, unconsciousness, abnormal behaviour 
or confusion which can eventually lead to DEATH [5]. People may also develop 
partial immunity, thus, resulting in asymptomatic infections especially in mala-
ria endemic areas [5]. Risk factors in malaria are majorly children under the age 
of 5 which is responsible for 67% (272.000) of malaria deaths [6]. About 125 mil-
lion pregnant women are also vulnerable to the infection, and in sub-Saharan 
Africa, about 200,000 infant deaths as a result of gestational malaria have been 
reported [7] [8]. Medications are now available for the treatment of malaria 
through the use of drugs such as chloroquine (CQ), doxycycline, quinine, mef-
loquine, atovaquone/proguanil (Malarone), which were used to treat malaria 
back then [9]. The first line antimalarial medicine for uncomplicated malaria is 
now Artemisinin Based Combination Therapies (ACTs) including artemeth-
er/lumefantrine and artesunate/amodiaquine [10]. Anti-malaria drugs could also 
be used by pregnant women and visitors travelling to malaria endemic countries 
[11]. Malaria preventive methods such as use of insecticides treated nets and in-
door spraying of insecticides could also be used [12] (Astatkie, 2010). However, 
at the moment, there is no specific drug for COVID-19 [13] [14]. Though the 
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WHO technical advisory group in 1990-2005 changed its recommendation in 
malaria-endemic countries like Nigeria from a single dose CQ to the Artemisi-
nin combination therapies (ACTs) because of high rates of drug resistance [15]. 
CQ is still commonly prescribed in these regions. Because CQ is now one of the 
mainstay therapies of COVID-19 all over the world, it has been suggested to play 
a role through innate immunity, in prevention of COVID-19 in malaria-endemic 
countries [14]. Hence, our study aims to determine the association that could 
possibly exist between malaria and COVID-19 in malaria endemic countries like 
Nigeria. 

2. Methodology 

The study was a cross sectional study, seeking to determine the prevalence of 
malaria among COVID-19 patients in Nigeria and the role it may play in the di-
agnosis and management of COVID-19 patients. 

2.1. Enrolment of Participants into the Study 

The participant was randomly selected among individual presenting for testing 
at the COVID-19 Drive-through testing centre after online pre-registration and 
informed consent obtained. 

2.2. Data Collection 

Sample size: Data and samples from 617 patients were taken over a between 
April and May 2020 during the COVID-19 lock downperiod. Patients registered 
their demographic details as well as details pertaining to symptoms, underlying 
conditions, travel history, COVID-19 exposure status and BCG vaccination us-
ing an online based registration platform. 

2.3. Laboratory Analysis 

Blood and Swab samples (nasopharyngeal and oropharyngeal swab samples) 
were taken from participants for malaria and SARS-CoV-2 analysis, respectively. 
Sterile swab was used to collect samples from the nose and throat and placed in a 
sterile viral transport medium. Corresponding blood samples were collected us-
ing a vacutainer needle and 10 ml EDTA vacutainer bottles. Blood samples were 
examined using commercially available one step malaria antigen P.f (HRP-II) 
rapid test kit. About 5 Microliters of whole blood samples were transferred into 
the specimen well, the assay diluent was added in drops (4 drops) and the test kit 
was left for 15 minutes after which the results were read and collated.  

Data from the COVID-19 Testing Management form was extracted for 617 
patients. The variables included in this data were age, gender, nationality, marit-
al status, Local Government Area (LGA), points of exposure to COVID-19, 
pre-existing conditions and COVID-19 symptoms experienced. Collation of 
both the malaria and COVID-19 datasets resulted in 4 categories of patients, 
based on their test result. These were: 
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1) Patients who tested negative for both malaria and COVID-19.  
2) Patients who tested negative for malaria but tested positive for COVID-19.  
3) Patients who tested positive for both malaria and COVID-19.  
4) Patients who tested positive for malaria but tested negative for COVID-19.  
In addition to tests of associations, we sought to determine the factors that 

could contribute to the patient category. To do this, we fitted a multinomial lo-
gistic regression using the patient category as the dependent variable. The model 
fitted was:  

( )
( ) 0

category
ln

base category j ji i
p

b b x
p

 
= +  

 
 

where: Category of patients = 1) Patients who tested negative for both malaria 
and COVID-19, 2) Patients who tested negative for malaria but tested positive for 
COVID-19, 3) Patients who tested positive for both malaria and COVID-19, and 
4) Patients who tested positive for malaria but tested negative for COVID-19. 

 both negative patientsBase category =  

0 intercept when comparing base category and category b j=  

the coefficient of predictor ij ib X=  

predictor variableiX =  

In this model, we sought to predict what category a patient would fall into, 
given their symptoms, exposure and other patient characteristics.  

All descriptive and inferential analyses were based on these 4 groups. All ana-
lyses were conducted using STATA 16 and an alpha level of 0.05 used to deter-
mine significance of all test statistics. 

3. Results 
3.1. COVID-19 and Malaria Prevalence 

Total Prevalence of malaria among COVID-19 Patients was at 0.32% (Figure 1). 
Of the 617 participants enrolled for this study, 489 (79.3%) were negative for  
 

 
Figure 1. Malaria prevalence in COVID-19 patients. 
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both malaria and COVID-19, 119 (19.3%) were COVID-19 positive and negative 
for malaria, while 7 (1.1%) were malaria positive but negative for COVID-19, 
with only 2 (0.3%) participants had both malaria and COVID-19. A chi-square 
test of association revealed that there was no association between COVID-19 
and malaria test results (χ2 = 0.0395, p = 0.842). 

Socio-Demographic Characteristics of Participants 
Within a total of 617 participants, most of them were Nigerian by nationality 
(98%, n = 604). Moreover, the overall mean age of participants was 38 (±11) 
years. Among Malaria patients without COVID-19 the mean age was 44 (±14), 
37 (±13) among COVID-19 patients without malaria, 38 (±11) among healthy 
people and among COVID-19 patients who had malaria 34 (±11). Majority of 
COVID-19 patients were 30 - 39 years old, while among malaria patients, the 
majority were 50 - 59 years old. 

More than a half (58%) of the participants were male and they were the ma-
jority across all other groups but both malaria and COVID-19 positive had a 
male and a female. Of all the 617 participants, 374 (61%) were married, 236 
(38%) were single, 3 (0.4%) divorced and 4 (0.6%) were separated. As shown in 
Table 1 below. 
 

Table 1. Social demographic characteristics of Participants. 

Indicator All Both negative 
−VE malaria, +VE 

COVID-19 
Both positive 

+VE malaria, −VE 
COVID-19 

Age group 

≤9 0.33% (n = 2) 0.41% (n = 2) 0% (n = 0) 0% (n = 0) 0% (n = 0) 

9 to 19 1.95% (n = 12) 1.43% (n = 7) 4.2% (n = 5) 0% (n = 0) 0% (n = 0) 

20 to 29 21.01% (n = 129) 20.86% (n = 102) 21.85% (n = 26) 50% (n = 1) 29% (n = 2) 

30 to 39 39.9% (n = 246) 40.29% (n = 198) 39.5% (n = 47) 0% (n = 0) 14% (n = 1) 

49 to 49 21.66% (n = 134) 21.47% (n = 105) 23.53% (n = 28) 50% (n = 1) 0% (n = 0) 

50 to 59 11.4% (n = 70) 11.66% (n = 57) 7.56% (n = 9) 0% (n = 0) 57% (n = 4) 

60 to 69 3.09% (n = 19) 3.68% (n = 18) 0.84% (n = 1) 0% (n = 0) 0% (n = 0) 

70 to 79 0.49% (n = 3) 0.2% (n = 1) 1.68% (n = 2) 0% (n = 0) 0% (n = 0) 

≥80 0.16% (n = 1) 0% (n = 0) 0.84% (n = 1) 0% (n = 0) 0% (n = 0) 

Gender 
Male 58.35% (n = 360) 58.16% (n = 285) 58.82% (n = 70) 50% (n = 1) 57% (n = 4) 

Female 41.65% (n = 257) 41.84% (n = 205) 41.18% (n = 49) 50% (n = 1) 43% (n = 3) 

Nationality 
Nigerian 98.05% (n = 605) 98.35% (n = 481) 96.64% (n = 115) 100% (n = 2) 100% (n = 7) 

Other 1.94% (n = 12) 1.64% (n = 8) 3.36% (n = 4) 0% (n = 0) 0% (n = 0) 

Marital status 

Married 60.62% (n = 374) 60.74% (n = 297) 57.98% (n = 69) 100% (n = 2) 100% (n = 7) 

Single 38.25% (n = 236) 38.04% (n = 186) 41.18% (n = 49) 0% (n = 0) 0% (n = 0) 

Divorced 0.49% (n = 3) 0.61% (n = 3) 0% (n = 0) 0% (n = 0) 0% (n = 0) 

Separated 0.65% (n = 4) 0.61% (n = 3) 0.84% (n = 1) 0% (n = 0) 0% (n = 0) 
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3.2. COVID-19 Health Seeking Behaviour Pattern 

Data analysed to prove that the response to COVID-19 testing within the Local 
Government Areas showed that the top 3 LGAs participants came from was 
Eti-osa (19.5%, n = 123), Kosofe (12%, n = 71) and Surulere (11%, n = 69). The 
other residents were from Alimosho (7.9%, n = 49), Ikeja (7.1%, n = 44), Osho-
di-Isolo (7.7%, n = 47), Lagos Mainland (5.4%, n = 33), Apapa (3.7%, n = 23) 
(Table 2).  

3.3. Spread Pattern for COVID-19 and Malaria 

Though the number of malaria cases were exceedingly small, further analysis 
showed that Malaria prevalence was highest in Alimosho (33.3%, n = 3) and 
Eti-Osa 3, while Ikorodu, Kosefe, Shomolu and Surulere each had 1 patient test-
ing positive for malaria. 
 
Table 2. Distribution of respondent L.G.A in Lagos state and status of both COVID-19 
and malaria. 

LGA/State Frequency (n) Frequency (%) COIVID-19 + cases Malaria + cases 

Agege 11 1.8 11 (4.31%) 0 (0%) 

Alimosho 51 8.3 49 (7.76%) 3 (33.3%) 

Ajeromi-ifelodun 3 0.5 3 (1.72%) 0 (0%) 

Amuwo-odofin 20 3.2 20 (3.45%) 0 (0%) 

Apapa 23 3.7 23 (4.31%) 0 (0%) 

Badagry 1 0.2 1 (0%) 0 (0%) 

Eti-osa 123 19.5 120 (18.1%) 2 (22.2%) 

Ifako-ijaiye 9 1.5 9 (1.72%) 0 (0%) 

Ikeja 58 9.4 44 (11.21%) 0 (0%) 

Ikorodu 17 2.8 17 (2.59%) 1 (11.1%) 

Kosofe 71 12 71 (11.21%) 1 (11.1%) 

Lagos island 19 3.1 19 (1.72%) 0 (0%) 

Lagos mainland 38 6.2 33 (4.31%) 0 (0%) 

Mushin 17 2.8 17 (2.59%) 0 (0%) 

Ojo 11 1.8 11 (2.59%) 0 (0%) 

Oshodi-isolo 47 7.7 38 (10.34%) 0 (0%) 

Shomolu 29 4.7 8 (0.86%) 1 (11.1%) 

Surulere 69 11 69 (11.21%) 1 (11.5%) 
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3.4. Exposure to COVID-19 

Respondents reported several points of exposure. Out of the 617 participants, 
315 (51%) had contact with a COVID-19 suspect, 281 (46%) were employed by a 
case facility, 77 (12%) had attended mass gathering, 48 (8%) had contact with 
overseas travelers. The distribution across the 4 patient categories is as shown in 
Table 3 below. Based on the NCDC exposure criteria, 613 (99%) were deemed to 
be at risk of contracting COVID-19 out of the 617 respondents. However, only 
121 respondents tested positive for COVID-19 leaving the COVID-19 preva-
lence rate among respondents to be 19.7%. 

3.4.1. Influence of BCG Vaccination on COVID-19 Infection Rate 
When asked if they had received the BCG vaccine, 291(47%) of the respondents 
reported that they had received BCG vaccination in their lifetime, 94 (15%) did 
not receive and 232 (38%) were not sure (Table 4). Further analysis done on those 
who were tested for COVID-19 showed that 56.2% of those who reported to 
have received BCG Vaccine tested positive for COVID-19. However, a chi-square 
test of association between BCG Vaccine and COVID Results showed that there 
was no statistically significant association at alpha = 0.05 (χ2 = 5.210, p = 0.074). 

3.4.2. COVID-19 and Preexisting Conditions 
Majority of respondents had no pre-existing conditions (85%). Among COVID-19 
patients, (85%, n = 101) had no pre-existing conditions, 7% had heart diseases, 
other pre-existing conditions listed by COVID-19 patients were asthma (3%), 
hypertension (3%), pregnancy (3%), obesity (2%), chronic liver disease (2%), 
chronic kidney disease (1%), chronic lung disease (1%), and anaemia or chronic 
haematology (1%). Among the 257 female participants, 8 (3%) were pregnant of 
which 2 (25%) of these pregnant women were COVID-19 positive. 
 

Table 3. Exposure to COVID-19 for all participants groups. 

Indicator All Both negative 
−VE malaria, +VE 

COVID-19 
Both positive 

+VE malaria, −VE 
COVID 

Had contact with 
suspect 

No 48.95% (n = 302) 50.51% (n = 247) 43.7% (n = 52) 0% (n = 0) 33% (n = 3) 

Yes 51.05% (n = 315) 49.49% (n = 242) 56.3% (n = 67) 100% (n = 2) 67% (n = 6) 

Is employed by  
case management 

facility 

No 54.45% (n = 336) 54.69% (n = 268) 51.26% (n = 61) 100% (n = 2) 78% (n = 7) 

Yes 45.54% (n = 281) 45.31% (n = 222) 48.74% (n = 58) 0% (n = 0) 22% (n = 2) 

Had attended mass 
gathering 

No 87.5% (n = 540) 86.73% (n = 424) 90.76% (n = 108) 100% (n = 2) 89% (n = 8) 

Yes 12.5% (n = 77) 13.27% (n = 65) 9.24% (n = 11) 0% (n = 0) 11% (n = 1) 

Had contact with 
overseas traveler 

No 92.22% (n = 569) 92% (n = 445) 97.48% (n = 116) 100% (n = 2) 89% (n = 8) 

Yes 7.78% (n = 48) 8% (n = 43) 2.52% (n = 3) 0% (n = 0) 11% (n = 1) 
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3.4.3. COVID-19 Symptoms Presented by Study Participants 
More than half of the respondents (52%, n = 320) reported that they had no 
symptoms. However, those who had symptoms mentioned fever (29%, n = 177), 
sore throat (24%, n = 145) and dry cough (20%, n = 121) as the top three symp-
toms. Other symptoms are as shown in Table 5 below.  
 
Table 4. Frequency distribution of BCG vaccine among participants. 

BCG vaccine 
COVID Result 

Negative Positive Total 

No 77 17 94 

% of total 15.52 14.05 15.24 

Not sure 196 36 232 

% of total 39.52 29.75 37.6 

Yes 223 69 291 

% of total 44.96 56.2 47.16 

Total 427 116 543 

% of total 78.64 21.36 100 

 
Table 5. Frequency distribution of symptoms reported by respondents. 

Symptom %(n) Symptom %(n) 

no symptoms 51.95% (n = 320) 

known contact with 
positive COVID-19 

patients that resulted  
in death 

0.97% (n = 6) 

Fever 28.73% (n = 177) nausea 0.49% (n = 3) 

sore throat 23.58% (n = 145) no appetite 0.49% (n = 3) 

dry cough 19.64% (n = 121) back pain 0.16% (n = 1) 

shortness of breath 15.91% (n = 98) choking 0.16% (n = 1) 

nasal congestion 14.29% (n = 88) high blood pressure 0.16% (n = 1) 

running nose 9.74% (n = 60) indigestion 0.16% (n = 1) 

abdominal pain 9.74% (n = 60) insomnia and sweating 0.16% (n = 1) 

Diarrhea 7.63% (n = 47) loss of taste 0.16% (n = 1) 

Headache 3.73% (n = 23) loss of smell 0.16% (n = 1) 

chest pain 2.76% (n = 17) dizziness 0.16% (n = 1) 

muscle pain 2.11% (n = 13) dry mouth 0.16% (n = 1) 

Fatigue 1.46% (n = 9) previously tested positive 0.16% (n = 1) 
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3.5. Tests of Associations and Correlations  

In addition to correlations, we tested the association of each category with the 
independent variables (Table 6). There was no variable found to be significantly 
associated to patient categories at alpha = 0.05 as shown on the table below. 

3.6. Bivariate and Multivariate Analysis 

Using the multinomial logit model, we sought to check what are the factors that 
could be used to predict the category the participants falls into. We first fitted a 
bivariate model. From this, dry cough (coeff = 0.87, p = 0.018), fatigue (coeff = 
3.06, p = 0.01), had known contact with positive COVID-19 patients (coeff = 
2.37, p = 0.01) and contact with an overseas traveler (coeff = −1.31, p = 0.030) 
can significantly explain patients that negative for malaria but positive for 
COVID-19 category. The same holds in the multivariate model as shown in 
Appendix 1. This means that a unit increase in each of these variables is asso-
ciated with a corresponding increase/decrease in the relative log odds of being 
negative for malaria but positive for COVID-19. 

4. Discussion 

The emergence of SARS-CoV-2 has brought about different postulations con-
cerning its mode of transmission, symptoms associated with its infection, mor-
tality rate etc. One of these said postulations lay emphasis on its relationship with 
malaria, it’s been reported that malaria and COVID-19 share similar symptoms 
and could lead to misleading diagnosis, some regions (especially regions having 
high malaria prevalence) believe COVID-19 is the same as malaria [16]. These  
 
Table 6. Tests of associations with Respondent categories. 

Associations with category of patients Pearson chi2 (df) P value 

age group 36 (24) 0.055 

contact with suspect 3.81 (3) 0.282 

employed by case facility 3 (3) 0.392 

attended mass gathering 1.74 (3) 0.627 

contact with traveler 6.18 (3) 0.103 

qualified case 0.14 (3) 0.987 

bcg vaccine 7.78 (6) 0.255 

gender 0.07 (3) 0.995 

marital status 4.39 (9) 0.884 

LGA 80.83 (90) 0.745 

symptom 65.98 (75) 0.762 

pre existing condition 11.32 (45) 0.999 
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notions had hindered people who might have been infected with this virus from 
seeking appropriate medical attention under the guise that they may be having 
malaria. The confirmation or dismissal of this notion formed the basis of this 
study.  

The findings from this study support the evidence that malaria endemicity has 
no association with COVID-19 infection. Since our study was conducted in a 
malaria endemic setting where it has been reported that half of the adult popula-
tion could have at least one episode of malaria annually, our findings point to-
wards a review of malaria incidences in these settings because of the low preva-
lence outcome. It could be argued that malaria parasite microscopy is the gold 
standard for malaria diagnosis, however, the RDT test kit used has been vali-
dated using microscopy, it is the most employed in malaria diagnosis in the 
country due to its low cost and rapid turnaround time. It has been opined that, 
prevalence of malaria is low in urban settings [17]. Our study is a mixed popula-
tion of both urban and rural settings with participants spread across 18 local 
governments in Lagos State, with results showing that there is an occurrence of 
low malaria prevalence. Furthermore, the rainy season is here and malaria infec-
tion is expected to rise significantly during the rainy season which coincide with 
the period of this study, however, the low prevalence of malaria reported in this 
could mean a shift in paradigm as far as malaria endemicity is concerned. In ad-
dition, malaria is prevalent among children 5 years and below, however, this 
population was very few in our study [18]. This could be a limitation and the 
reason why malaria prevalence outcome from this study is exceptionally low. 

More than half of the participants in this study were asymptomatic. However, 
fever, sore throat and dry cough are the most experienced symptoms among 
participants. This correlated with data from previous reviews on similar study in 
which the most common presenting symptoms are the same [19]. Our findings 
also provide a compelling evidence that disprove the theory that COVID-19 
pandemic could complicate malaria diagnosis due to similarities in symptoms 
such as raised body temperature, headache and body ache that characterise both 
diseases as the two cases with COVID-19-Malaria Co-infection reported in our 
study were asymptomatic. Hence there is a need to further investigate factors 
responsible for low malaria prevalence at the height of COVID-19 spread in the 
country.  

Though disease outbreaks affect men and women differently, this study 
showed that both genders responded to testing similarly and the male popula-
tion had a similar COVID-19 infection rate with the female counterpart. Though 
contrary to a previous report from Bowale et al. [20], this outcome conforms to 
the study released by the Global Health 50/50 project which states that there are 
similarities in the COVID-19 incidence rate in both male and female [21]. Age 
group was significantly associated with the disease categories in this study. Epi-
demiologically, it has been reported that people who are at most risk of death 
from COVID-19 are the vulnerable groups comprising the elderly, chronically ill 
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and immuno-compromised such as people already suffering from diabetes, heart 
diseases, HIV and tuberculosis. Nevertheless, our findings showed that the ma-
jority who reported for testing were young adults (between 30 and 49). This 
might be connected to the fact that this age category forms the larger portion of 
Nigeria’s population and could be one of the factors behind the low death rec-
orded for COVID-19 in the country. 

Furthermore, though the majority of participants had no pre-existing condi-
tions, heart disease is the most reported underlying factor among COVID-19 pa-
tients in this study. Most importantly, we found that dry cough, fatigue, known 
contact with positive COVID-19 patients, and contact with an overseas traveler 
significantly explain COVID-19 infection rate. These agree with other findings 
on characteristics and nature of symptoms and transmission route of COVID-19 
[22] [23] [24]. 

5. Conclusion 

In conclusion, there is no significant prevalence of malaria amongst patients 
presenting themselves for COVID testing. However, there is sufficient statistical 
evidence to show that if a patient exhibits symptoms such as dry cough, abdo-
minal pain and fatigue, and had known contact with positive COVID-19 patients 
and contact with an overseas traveler, they are more likely to test positive for 
COVID-19. In addition, this confirms that malaria is not the same, neither is it 
among the underlying medical conditions strongly associated with increased risk 
for severe COVID-19 illness among adults. 
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Appendix 1 

Variable 

−VE Malaria 
+COVID 

Both negative 
+VE Malaria  
−VE COVID variable 

−VE Malaria 
+COVID 

Both negative  

coeff (se) coeff (se) coeff (se) coeff (se) coeff (se) coeff (se) 

age group conditions categories 

0 to 9 ref   
no pre-existing 

condition 
ref   

9 to 19 
15.33 

(1782.31) 
0.59 

(14,798.06) 
0.59 

(7909.9) 
asthma 

−13.42 
(3150.63) 

−13.42 
(1684.08) 

−13.42 
(1684.08) 

20 to 29 
14.32 

(1782.31) 
15.15 

(13,748.07) 
14.59  

(7348.66) 
chronic kidney 

disease 
−13.71 

(13,593.72) 
−13.71 

(7266.15) 
−13.71 

(7266.15) 

30 to 39 
14.23 

(1782.31) 
0.36 

(13,796.51) 
13.21 

(7348.66) 
chronic liver  

disease 
−13.27 

(6286.64) 
−13.27 

(3360.35) 
−13.27 

(3360.35) 

49 to 49 
14.34 

(1782.31) 
15.1 

(13,748.07) 
0.38 

(7396.35) 
chronic cough 

−13.71 
(13,593.72) 

−13.71 
(7266.15) 

−13.71 
(7266.15) 

50 to 59 
13.82 

(1782.31) 
0.28 

(13,928.75) 
15.84 

(7348.66) 
hypertension 

−13.24 
(3586.18) 

−13.24 
(1916.9) 

−13.24 
(1916.9) 

60 to 69 
12.77 

(1782.31) 
0.13 

(14,401.56) 
0.13 

(7697.96) 
diabetes 

−13.71 
(9612.22) 

−13.71 
(5137.95) 

−13.71 
(5137.95) 

70 to 79 
16.36 

(1782.31) 
0.92 

(18,422.15) 
0.92 

(9847.06) 
heart disease 

−13.25 
(2881.89) 

−13.25 
(1540.44) 

−13.25 
(1540.44) 

80 and above 
30.75 

(2592.31) 
14.25 

(32,513.88) 
14.25 

(17452.07) 
haemorrhoid  

issue 
−13.71 

(13,593.72) 
−13.71 

(7266.15) 
−13.71 

(7266.15) 

constant 
−15.66 

(1782.31) 
−19.75 

(13,748.07) 
−18.5 

(7348.66) 
ulcers 

−13.71 
(7848.34) 

−13.71 
(4195.11) 

−13.71 
(4195.11) 

contact with suspect obesity 
−1.3 

(1.04) 
−14.53 

(7493.7) 
−14.53 

(7493.7) 

no ref   pregnancy 
−13.25 

(4821.06) 
−13.25 

(2576.97) 
−13.25 

(2576.97) 

yes 
0.27 

(0.21) 
15.24 

(1426.13) 
0.31 

(0.77) 
chronic lung  

disease 
−13.71 

(7848.34) 
−13.71 

(4195.11) 
−13.71 

(4195.11) 

constant 
−1.56 

(0.15)*** 
−20.03 

(1426.13) 
−4.41 

(0.58)*** 
hyperthyroidism 

−13.71 
(13,593.72) 

−13.71 
(7266.15) 

−13.71 
(7266.15) 

attended mass gathering 
anaemia or chronic 

haematology 
−14.54 

(2895.33) 
−14.7 

(31584.36) 
−14.7 

(31584.36) 

no ref   
other chronic rare 

conditions 
−13.27 

(6286.64) 
−13.27 

(3360.35) 
−13.27 

(3360.35) 

yes 
−0.41 
(0.34) 

−12.34 
(865.32) 

0.08 
(1.09) 

constant 
−5.33 

(0.71)*** 
−4.07 

(0.38)*** 
−4.07 

(0.38)*** 
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Continued  

constant 
−1.37 

(0.11)*** 
−5.36 

(0.71)*** 
−4.26 

(0.41)*** 
symptom categories 

employed by case facility no symptoms ref   

no ref   
shortness of  

breath 
0.28 

(1.13) 
−14.82 

(9205.41) 
−14.48 

(4920.5) 

yes 
0.14 
(0.2) 

−12.22 
(351.12) 

−0.72 
(0.84) 

sore throat 
−1.47 
(1.03) 

−15.07 
(4362.29) 

−14.74 
(2331.74) 

constant 
−1.48 

(0.14)*** 
−4.9 

(0.71)*** 
−3.98 

(0.45)*** 
fever 

0.43 
(0.41) 

−15.04 
(3699.41) 

1.17 
(0.86) 

contact with os travel dry cough 
0.87 

(0.37)** 
−15.21 

(5898.33) 
−15.21 

(5898.33) 

no ref   running nose 
−0.23 
(0.64) 

−14.91 
(4320.04) 

−14.58 
(2309.16) 

yes 
−1.34 

(0.61)** 
−11.71 

(784.77) 
0.52 

(1.09) 
diarrhea 

0.16 
(0.8) 

−14.84 
(6208.12) 

−14.5 
(3318.38) 

constant 
−1.34 

(0.1)*** 
−5.4 

(0.71)*** 
−4.31 

(0.41)*** 
abdominal pain 

0.79 
(0.41) 

−14.73 
(3594.72) 

−14.39 
(1921.46) 

qualified case nasal congestion 
0.34 

(0.34) 
−15.29 

(4589.09) 
−15.29 

(4589.09) 

no ref 
0.75 

(0.61) 
 headache 

0.76 
(0.61) 

−15.22 
(10,112.41) 

−15.22 
(10,112.41) 

yes 
−0.32 
(1.16) 

0.97 
(1.24) 

10.6 
(965.58) 

nausea 
0.98 

(1.24) 
−15.2 

(22,366.59) 
−15.2 

(22,366.59) 

constant 
−1.1 

(1.15) 
−0.28 
(1.08) 

−14.84 
(965.58) 

musle pain 
−0.27 
(1.08) 

−15.41 
(13,276.67) 

−15.41 
(13,276.67) 

bcg vaccine fatigue 
3.05 

(1.13)** 
−16 

(47,224.64) 
−16 

(47,224.64) 

no ref 
−1.04 
(1.04) 

 chest pain 
−1.03 
(1.05) 

−15.52 
(9587.76) 

−15.52 
(9587.76) 

yes 
0.29 
(0.3) 

−14.26 
(2868.22) 

12.32 
(805.62) 

back pain 
−14.75 

(3685.35) 
−15.68 

(40,202.4) 
−15.68 

(40,202.4) 

not sure 
0.13 

(0.33) 
−14.26 

(2868.22) 
0.03 

(1014.71) 
choking 

−14.75 
(3685.35) 

−15.68 
(40,202.4) 

−15.68 
(40,202.4) 

constant 
−1.5 

(0.27)*** 
−14.26 

(2868.22) 
−17.71 

(805.62)*** 
high blood  

pressure 
−14.75 

(3685.35) 
−15.68 

(40,202.4) 
−15.68 

(40,202.4) 

gender indigestion 
−14.26 

(2868.22) 
−15.68 

(40,202.4) 
−15.68 

(40,202.4) 

male ref 
−14.26 

(1655.97) 
 no appetite 

−14.75 
(2127.74) 

−15.68 
(23,210.87) 

−15.68 
(23,210.87) 
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Continued  

female 
−0.02 
(0.21) 

0.33 
(1.42) 

0.05 
(0.77) 

known contact 
with positive 
COVID-19  

patients that  
resulted in death 

2.36 
(0.88)** 

−15.14 
(15,300.21) 

−14.8 
(8178.31) 

constant 
−1.4 

(0.13)*** 
−5.65 
(1)*** 

−4.27 
(0.5)*** 

insomnia and 
sweating 

−14.26 
(2868.22) 

−15.18 
(22,124.4) 

−14.85 
(11,825.99) 

marital status loss of taste 
19.09 

(6047.92) 
−0.67 

(133,876.5) 
−0.67 

(133,876.5) 

married ref   loss of smell 
18.6 

(4747.27) 
−0.67 

(74,306.58) 
−0.34 

(39,920.67) 

single 
0.13 

(0.21) 
−14.62 

(1338.54) 
−1.32 
(1.08) 

dizziness 
−14.26 

(2868.22) 
−15.18 

(22,124.4) 
−14.85 

(11,825.99) 

divorced 
−14.49 

(1679.69) 
−15.04 

(12,956.51) 
−14.88 

(6925.55) 
dry mouth 

18.6 
(4747.27) 

−0.67 
(74,306.58) 

−0.34 
(39,920.67) 

separated 
0.36 

(1.16) 
−14.59 

(10,383.73) 
−14.44 

(5550.34) 
previously tested 

positive 
18.6 

(4747.27) 
−0.67 

(74,306.58) 
−0.34 

(39,920.67) 

constant 
−1.46 

(0.13)*** 
−5 

(0.71)*** 
−3.9 

(0.41)*** 
constant 

−1.67 
(0.16)*** 

−4.82 
(0.71)*** 

−3.91 
(0.45)*** 

 
 

https://doi.org/10.4236/aid.2020.105018

	COVID-19 Spread Patterns Is Unrelated to Malaria Co-Infections in Lagos, Nigeria
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Enrolment of Participants into the Study
	2.2. Data Collection
	2.3. Laboratory Analysis

	3. Results
	3.1. COVID-19 and Malaria Prevalence
	Socio-Demographic Characteristics of Participants

	3.2. COVID-19 Health Seeking Behaviour Pattern
	3.3. Spread Pattern for COVID-19 and Malaria
	3.4. Exposure to COVID-19
	3.4.1. Influence of BCG Vaccination on COVID-19 Infection Rate
	3.4.2. COVID-19 and Preexisting Conditions
	3.4.3. COVID-19 Symptoms Presented by Study Participants

	3.5. Tests of Associations and Correlations 
	3.6. Bivariate and Multivariate Analysis

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References
	Appendix 1

