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ABSTRACT
Objectives Our study described demographic 
characteristics, exposures and symptoms, and 
comorbidities to evaluate risk factors of hospitalisation and 
mortality among cases in Juba, South Sudan (SSD) and 
North and South Kivu in eastern Democratic Republic of 
the Congo (DRC).
Design Prospective observational cohort of COVID- 19 
cases.
Methods Individuals presenting for care at one of five 
study facilities in SSD (n=1) or DRC (n=4) or referred 
from home- based care by mobile medical teams 
between December 2020 and June 2021 were eligible 
for enrolment. Demographic characteristics, COVID- 19 
exposures, symptoms at presentation, as well as acute 
and chronic comorbidities, were evaluated using a 
standard questionnaire at enrolment. Disease progression 
was characterised by location of care using mixed- effects 
regression models.
Results 751 individuals were eligible for enrolment. 
Among cases followed to discharge or death (n=519), 
375 were enrolled outpatients (75.7%). A similar number 
of cases were enrolled in DRC (n=262) and SSD (n=257). 
Overall mortality was 4.8% (95% CI: 3.2% to 6.9%); 
there were no outpatient deaths. Patients presenting 
with any symptoms had higher odds of hospitalisation 
(adjusted OR (AOR) 2.78, 95% CI 1.47 to 5.27) and all 
deaths occurred among symptomatic individuals. Odds of 
both hospitalisation and mortality were greatest among 
cases with respiratory symptoms; presence of low oxygen 
levels on enrolment was strongly associated with both 
hospitalisation (AOR 7.77, 95% CI 4.22 to 14.29) and 
mortality (AOR 25.29, 95% CI 6.42 to 99.54). Presence 
of more than one chronic comorbidity was associated 
with 4.96 (95% CI 1.51 to 16.31) times greater odds of 
death; neither infectious comorbidities evaluated, nor 
malnutrition, were significantly associated with increased 
mortality.
Conclusions Consistent with prior literature, older age, 
low oxygen level, other respiratory symptoms and chronic 
comorbidities were all risk factors for mortality. Patients 
presenting with these characteristics were more likely to 

be hospitalised, providing evidence of effective triage and 
referral.
Trial registration number NCT04568499.

INTRODUCTION
Characterising risk factors for severe 
COVID- 19 is critical for identifying individ-
uals who may benefit from increased moni-
toring, hospitalisation or ventilator support, 
as well as those at increased risk of death.1–3 
Early identification and referral is particularly 
important in resource scarce contexts where 
access to inpatient care is limited. Risk factors 
for severe illness from COVID- 19 with strong 
evidence supported by systematic reviews and 
meta- analyses include cancer, cerebrovas-
cular disease, chronic kidney disease, chronic 
obstructive pulmonary disease, diabetes 
mellitus, cardiovascular disease, obesity, preg-
nancy and smoking.4–7 Demographic risk 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ A prospective observational cohort study enrolled 
COVID- 19 cases in South Sudan and the Democratic 
Republic of Congo to better characterise risk factors 
of hospitalisation and death.

 ⇒ Cases admitted for care at inpatient health facilities 
as well as cases managed by home- based care 
teams were enrolled in the study, such that the 
study population represent the spectrum of severity 
of COVID- 19 cases.

 ⇒ Given barriers to case identification in both coun-
tries, particularly limited testing capacity, the study 
population represents only cases who interacted 
with the health system, the principal limitation of 
this study.
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factors, including older age and male sex, have also been 
associated with poor prognosis.1 2

The evidence on risk factors for severe COVID- 19 
primarily includes case surveillance and studies conducted 
in higher income settings.8 Consequently, less is known 
regarding how these risk factors, as well as undernutrition 
and exposure to infectious conditions more prevalent in 
lower resource settings, impact the severity of COVID- 19. 
This evidence gap is particularly relevant given differ-
ences in the epidemiology of COVID- 19 in Africa, where 
officially reported numbers of cases and deaths are lower 
than the Americas, Europe and Asia,9 while case fatality 
rates are estimated to be higher. Modelled estimates of 
excess mortality for patients admitted for critical care 
in Africa are between 11 and 23 excess deaths per 100 
admissions compared with the global average mortality 
from COVID- 19.10 This research aimed to characterise 
early symptoms, exposures, comorbidities and other risk 
factors associated with hospitalisation and death from 
COVID- 19 in Juba, South Sudan (SSD) and North and 
South Kivu, Eastern Democratic Republic of Congo 
(DRC) to inform identification and triage of COVID- 19 
cases at higher risk of mortality in resource- poor and 
humanitarian settings in Africa.

METHODS
An observational cohort study enrolled COVID- 19 cases 
between December 2020 and June 2021; the last cases 
were discharged in July 2021 in both countries. Five study 
facilities operated or supported by International Medical 
Corps (IMC) recruited patients, including a COVID- 19 
treatment centre in Juba, SSD and four health facilities 
in Eastern DRC. Study facilities in DRC included general 
public hospitals in Bukavu and Goma, as well as a public 
outpatient clinic and an non- governmental organization 
(NGO) operated health centre in Goma. Characteristics 
of the study facilities and care offered are described in 
online supplemental table. Availability of therapies for 
inpatients are presented by facility in a companion manu-
script from this study focused on inpatient management.11 
Available therapies for outpatients were limited. Individ-
uals presenting for care at a study facility or referred from 
home- based care by mobile medical teams in the facility 
catchment area were eligible. Cases with a positive real- 
time reverse transcription PCR (RT- PCR) or antigen test 
and inpatients not tested meeting the national suspect 
case definitions were eligible for enrolment. In DRC, a 
case met the syndromic case definition if they had one 
or more of the following sign(s) or symptom(s): fever, 
dry cough, headache, severe fatigue, sore throat, short-
ness of breath (SOB), dyspnoea (difficulty breathing), 
muscle or joint pain, or coryza (common cold). In SSD, 
suspect cases presented with acute onset of fever ≥38°C 
and cough, or an acute onset of any three or more signs 
or symptoms, including those in the DRC case definition 
as well as individuals with anorexia, nausea, vomiting, 
diarrhoea and altered mental status. Cases were excluded 

from analysis if they tested negative following enrolment, 
were lost to follow- up (before recovery or death), or were 
transferred to another facility for care.

Oral consent was obtained for eligible adults and 
parental consent for children <18 years. Additionally, 
assent was obtained for children 12–17 years. Participants 
receiving inpatient care were followed up daily, whereas 
outpatients were followed up weekly through home visits 
and/or phone interviews. All participants were followed 
until COVID- 19 recovery, death or loss to follow- up. Inpa-
tients were followed up daily whereas outpatient cases 
were followed weekly. Cases treated as inpatient were 
considered recovered if they were discharged alive from 
inpatient care. Patients treated at home were considered 
recovered if they met one of the following conditions: 
resolution of fever for at least 48 hours without the use 
of fever- reducing medications and with improvement 
of other symptoms; or asymptomatic at two sequential 
follow- up visits. For outpatients, three attempts to contact 
were made before an individual was considered lost to 
follow- up.

Data on sociodemographic characteristics, COVID- 19 
exposures and symptoms, self- reported health history, 
anthropometric measurements and SARS- COV- 2 tests 
(RT- PCR and/or antigen) were collected at enrolment by 
research nurses using a standard data collection instru-
ment. Anthropometric measures of mid- upper arm 
circumference, weight, height and oedema were assessed 
using standard procedures.12 Malaria was evaluated using 
a rapid diagnostic test if ordered per the facility’s standard 
operating procedures. Other infectious diseases—HIV 
and Tuberculosis (TB)—were self- reported. Haemo-
globin A1c (HbA1c) was measured using an at home 
test kit for individuals who reported history of diabetes. 
Oxygen saturation, pulse rate and perfusion index were 
evaluated using the Masimo Rad 57 or Multi- parameter 
Patient Monitor (Both devices were used in DRC. The 
Multi- parameter Patient Monitor -YK8000K was used in 
SSD throughout the study).13 14 Haemoglobin concentra-
tion was evaluated using either a HemoCue 301 or Masimo 
Rad 57 device. (Masimo devices were used at facilities in 
DRC between April and June 2021. The HemoCue was 
used between December 2020 and April 2021 in DRC and 
throughout the study in SSD.) Anaemia and nutritional 
status were classified based on WHO cut- offs.15–18 Cut- offs 
for other clinical conditions, including poorly controlled 
diabetes (HbA1c >8.0%) and low oxygen levels (<94%) 
were defined to align with national treatment guidelines 
and case definitions.

In DRC, data were recorded on paper and subsequently 
uploaded to CommCare, a secure online data collection 
platform for collecting longitudinal patient data, and in 
SSD, data were directly entered. Analyses were conducted 
using R (V.4.0.4). Distributions of continuous variables 
were compared by country of enrolment and hospitalisa-
tion status using Kruskal- Wallis test, Fisher’s exact test was 
used for categorical parameters. All demographic char-
acteristics, COVID- 19 exposures, symptoms, vital signs 
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and comorbidities evaluated as risk factors for hospital-
isation and mortality are presented in tables 1 and 2; 
parameters are presented as they were parameterised 
in models. Parameters that were significant at p<0.1 in 
unadjusted models were evaluated in generalised linear 
mixed models (GLMM) for mortality and hospitalisation; 
patients were considered hospitalised if ever admitted 
into inpatient care while enrolled in the study. Two- level 
GLMMs were fitted using a logit link to account for the 
expected correlation in outcomes within health facilities 
which may be observed given differences in access to 
medication, staffing or quality of care available at each 
facility. Given the large number of risk factors of interest, 
separate models were built for each risk factor addition-
ally adjusted for patient age, sex, country of enrolment 
and nationality as fixed effects; results are reported as 
adjusted ORs (AOR) with 95% CIs with a p value of <0.05 
considered significant.

The study is registered with  ClinicalTrials. gov 
(NCT04568499). The final datasets are archived on 
Humanitarian Data Exchange.19

Patient and public involvement
Patients with COVID- 19 and their families were not 
involved in setting the research question, outcome 
measures, design and implementation of the study given 
the emergency nature of the study. However, patients 
and their families were involved in dissemination of the 
findings at interim points throughout the study which 
helped to inform triage, referral and care in the enrolling 
countries.

RESULTS
During the study period, 751 individuals were eligible 
per the study protocol of which 592 (78.8%) consented 
to participate (figure 1). Among cases followed to 
discharge (n=519), 375 were enrolled as outpatients 
(75.7%) of which all were confirmed cases and 144 were 
enrolled inpatient (24.3%) of which 137 were confirmed 
and seven were suspect cases. Similar numbers of cases 
were followed to discharge (recovery or death) in SSD 
(n=257) and DRC (n=262). Patients were followed up for 
an average of 8.9 days for a total of 4630 days of follow- up 
time.

Patient demographics, exposure history, symptoms 
at enrolment and clinical history differed by country 
(table 1). SSD had significantly fewer nationals (58.3% 
vs 94.3%, p<0.001) and female cases (24.9% vs 41.6%, 
p<0.001). There was no significant difference in mean 
age by country, however, the proportion of individuals >65 
years was slightly higher in DRC (9.9% vs 6.6%). Cases in 
SSD were more likely to work outside the home (35.8% vs 
26.3%, p=0.020); otherwise, risk factors for exposure were 
similar. Cases in DRC were more likely to present with 
symptoms (92.7% vs 54.5%, p<0.001), likely a function of 
testing protocols. The majority of cases in SSD were iden-
tified by travel screening (53.4%), whereas in DRC most 

participants sought testing after experiencing COVID- 19 
like symptoms (53.4%). Overall, the most common symp-
toms were cough (52.4%), headache (43.4%), fatigue/
malaise (38.3%) and runny nose (30.9%) (table 2).

Evaluating differences in characteristics of hospital-
ised patients was a primary aim given that a minority of 
cases (28.1%) ever received inpatient care. Participants in 
DRC were more likely to be hospitalised (34.0% vs 22.2%, 
p=0.003), likely due in part to differences in case identi-
fication by country. Hospitalised patients were older than 
outpatients (mean age 48.0 vs 37.7 years, p<0.001) and 
more likely to be a national of the country of enrolment 
(88.2% vs 72.0%, p<0.001). Hospitalised patients were also 
more likely than outpatients to have been tested due to 
COVID- 19 like symptoms (60.9% vs 31.7%, p<0.001), and 
for almost all symptoms assessed, a significantly higher 
proportion of cases among inpatients self- reported expe-
riencing the symptom than among outpatient (table 2).

The prevalence of infectious comorbidities (ie, malaria, 
TB and/or HIV) overall was low (5.4%), however, hospi-
talised cases were more likely to present with one or more 
of the assessed infectious comorbidities (15.1% vs 2.2%, 
p<0.001); all confirmed malaria cases (n=7) were hospi-
talised. Chronic comorbidities were more prevalent, with 
44.1% of persons presenting with at least one chronic 
comorbidity and 15.4% presenting with two or more 
chronic comorbidities. Chronic comorbidities were more 
common among hospitalised patients (53.4% vs 40.5%, 
p<0.008). High blood pressure was the most frequently 
reported chronic comorbidity, with similar prevalence 
between inpatients and outpatients (p=0.65). Obesity 
and self- reported history of hypertension, diabetes and 
chronic cardiac disease all were significantly more prev-
alent among hospitalised cases (p<0.02 for all compari-
sons). Among individuals with diabetes history for whom 
HbA1c values were available (n=28), diabetes was poorly 
controlled (HbA1c >8.0%) for 32.1%; neither differ-
ences by country nor by hospitalisation were signifi-
cant. Anaemia was also more common (25.0% vs 7.2%, 
p<0.001) among hospitalised cases.

Overall, the mortality proportion was 4.8% (95% CI 
3.2% to 6.9%). The mortality proportion was 17.1% 
(95% CI 11.6% to 23.8%) among patients ever hospi-
talised; there were no outpatient deaths. All deceased 
individuals were symptomatic at enrolment and classi-
fied by clinical staff as acutely ill and non- ambulatory; as 
such, estimates are unadjusted for severity at enrolment. 
Mortality was higher in SSD (6.6%) than DRC (3.3%), 
and this difference was marginally significant (p=0.058). 
Regression models evaluated the aOR of hospitalisation 
(table 3) and mortality (table 4). Age and nationality 
were the only demographic characteristics significantly 
associated with hospitalisation and mortality. Odds of 
hospitalisation were 12.16 (95% CI 5.67 to 26.09) times 
greater among older individuals (≥65 years) compared 
with individuals <45 years of age; odds of mortality were 
49.75 (95% CI 12.23 to 202.33) times greater for older 
adults. Nationals had 2.48 (95% CI 1.31 to 4.69) times 
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higher odds of hospitalisation and 8.90 (95% CI 1.87 to 
42.39) times higher odds of mortality than patients who 
were not nationals of the country of enrolment.

Patients presenting with any symptoms had higher 
odds of hospitalisation (AOR 2.78, 95% CI 1.47 to 5.27) 
and all deaths occurred among symptomatic individuals. 
Hospitalisation and mortality AORs were significant for 
cough, fatigue, SOB, chest pain and wheezing. Joint pain, 
sore throat and nausea were significantly associated with 
hospitalisation but not mortality. Loss of appetite was 
significantly associated with mortality but not hospitalisa-
tion. The magnitude of the effect was greatest for respi-
ratory symptoms: SOB (hospitalisation AOR 21.37, 95% 
CI 10.91 to 41.87; mortality AOR 36.45, 95% CI 7.69 to 
172.87) and wheezing (hospitalisation AOR 8.34, 95% 
CI 2.42 to 28.67; mortality AOR 11.54, 95% CI 3.04 to 
43.83). Consistently, presence of oxygen levels <94% at 
enrolment was strongly associated with both hospitalisa-
tion and death (hospitalisation AOR 7.77, 95% CI 4.22 
to 14.29; mortality AOR 25.29, 95% CI 6.42 to 99.54). 
Among patients classified by research nurses as acutely 
ill and non- ambulatory on enrolment, all were hospital-
ised; this classification was the strongest risk factor for 
mortality (AOR 164.67, 95% CI 18.87 to 1437.13).

Infectious comorbidities (malaria, TB, HIV) were only 
associated with increased hospitalisation when analysed 
as a single aggregated risk factor for presence of any 
assessed coinfectious disease. Presence of confirmed or 
suspected malaria was associated with a decreased odds 
of death (AOR 0.14, 95% CI 0.02 to 0.91). History of 
diabetes and hypertension were both significantly asso-
ciated with increased risk for hospitalisation and death 
(p<0.005 for all comparisons). Presence of more than 
one chronic comorbidity was associated with 3.11 (95% 
CI 1.62 to 5.96) times greater odds of hospitalisation and 
4.96 (95% CI 1.51 to 16.31) odds of death. Underweight 
and anaemia were significantly associated with hospi-
talisation risk (underweight AOR 5.04, 95% CI: 1.63 to 

15.57; anaemia AOR 10.69, 95% CI 3.32 to 34.41) but not 
mortality.

DISCUSSION
Consistent with reports from other African settings,20 21 
among our sample of 519 COVID- 19 patients in Eastern 
DRC and Juba, there were nearly three times as many 
patients enrolled as outpatients. Outpatients ultimately 
experienced no deaths during the study period. Case 
fatality reported in our observational cohort study (4.8%) 
was consequently closer to estimates from national case 
surveillance in DRC (1.9%), SSD (1.1%) and Africa 
overall (2.4%) as well as studies of outpatients from other 
settings (1.3%) than estimates among hospitalised cases; 
among patients admitted to intensive care units in Africa, 
case fatality has been estimated to approach 50%.22

Given both supply and demand barriers to facility- based 
treatment, WHO recommends that in cases where it is 
not possible to isolate all laboratory confirmed cases in 
a healthcare facility, groups with the highest risk of poor 
outcomes should be prioritised.23 Our study provides 
information about the profile of patients receiving home- 
based care in resource poor African settings that can 
inform case management strategies.

Age and nationality of patients receiving home- based 
care differed significantly from those receiving inpatient 
care and both characteristics were significantly associated 
with odds of mortality, consistent with prior research; 
however, sex was not associated with either hospitalisa-
tion or mortality. Older age has been well established as 
a strong predictor of severity and clinical outcomes from 
COVID- 19,24 and as such, referral of older individuals 
for inpatient care is recommended in national protocols 
and global guidance. Differences in both hospitalisation 
and survival by nationality, where SSD/DRC nationals 
faced increased risk compared with non- nationals, likely 
reflect differences in case identification, care seeking, as 

Figure 1 Study inclusion criteria flow chart. 1Of the 375 individuals enrolled outpatient, 2 individuals in South Sudan were 
subsequently admitted for inpatient care. 2Cases were confirmed by real- time reverse transcription PCR (RT- PCR) (90% of 
confirmed cases) or antigen tests (10% of confirmed cases). 3National case definitions were used to classify individuals as 
suspect cases. Of the suspect cases followed to discharge (n=7), two were never tested, three did not receive their test results 
and two had specimens collected >3 days after enrolment. DRC, Democratic Republic of the Congo; SSD, South Sudan.
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Table 3 Unadjusted and adjusted odds of hospitalisation by select patient characteristics

Unadjusted odds Adjusted Odds*

Point estimate 95% CI P value Point estimate 95% CI P value

Demographic 
characteristics

Age (ref: age <45 
years)

<0.001 <0.001

  Age 45–64 years 2.24 (1.45 to 3.47) 2.42 (1.53 to 3.83)

  Age 65+ years 12.28 (6.04 to 26.76) 12.16 (5.67 to 26.09)

Male sex (ref: female) 0.80 (0.53 to 1.19) 0.27 0.93 (0.59 to 1.46) 0.76

South Sudan (ref: 
DRC)

0.55 (0.38 to 0.82) 0.003 0.77 (0.45 to 1.33) 0.35

National (ref: non- 
nationals)

2.90 (1.67 to 5.05) <0.001 2.48 (1.31 to 4.69) 0.005

Primary reason for 
testing

COVID- 19 like 
symptoms (ref: other)†

3.35 (2.22 to 5.04) <0.001 2.59 (1.62 to 4.16) <0.001

Clinical presentation at 
enrolment

Low oxygen level 
(<94%)

8.90 (5.34 to 14.85) <0.001 7.77 (4.22 to 14.29) <0.001

Symptoms at enrolment (self- reported)

Symptomatic (ref: 
asymptomatic)

4.19 (2.36 to 7.46) <0.001 2.78 (1.47 to 5.27) 0.002

Cough 3.02 (2.00 to 4.56) <0.001 2.27 (1.43 to 3.62) <0.001

Fatigue/malaise 3.58 (2.40 to 5.34) <0.001 2.80 (1.77 to 4.41) <0.001

Shortness of breath 19.16 (11 to 33.39) <0.001 21.37 (10.91 to 41.87) <0.001

Chest pain 5.33 (3.4 to 8.35) <0.001 4.48 (2.71 to 7.43) <0.001

Wheezing 9.78 (3.16 to 30.25) <0.001 8.34 (2.42 to 28.67) <0.001

Joint pain 2.69 (1.74 to 4.17) <0.001 2.08 (1.25 to 3.46) 0.005

Loss of appetite 2.34 (0.89 to 6.2) 0.07 1.52 (0.52 to 4.42) 0.44

Runny nose 1.49 (1.00 to 2.24) 0.05 1.43 (0.91 to 2.25) 0.12

Sore throat 2.22 (1.45 to 3.39) <0.001 2.29 (1.43 to 3.68) <0.001

Headache 1.72 (1.17 to 2.53) 0.006 1.36 (0.88 to 2.12) 0.17

Nausea 3.31 (1.73 to 6.31) <0.001 2.88 (1.42 to 5.85) 0.003

Abdominal pain 1.84 (1.06 to 3.21) 0.032 1.73 (0.95 to 3.17) 0.07

Diarrhoea 2.21 (0.93 to 5.24) 0.07 2.44 (0.94 to 6.29) 0.07

Chills 1.79 (1.03 to 3.11) 0.04 1.83 (0.91 to 3.70) 0.09

Exposure

Visit to healthcare 
facility

1.55 (1.05 to 2.3) 0.03 1.41 (0.91 to 2.18) 0.12

Worked outside the 
home

1.66 (1.11 to 2.48) 0.01 2.56 (1.61 to 4.06) <0.001

Healthcare worker 0.49 (0.22 to 1.07) 0.07 0.46 (0.20 to 1.06) 0.07

Comorbidities

Any infectious 
comorbidity

7.74 (2.59 to 23.1) <0.001 4.92 (1.46 to 16.62) 0.01

Diabetes 7.14 (3.52 to 14.48) <0.001 5.08 (2.28 to 11.32) <0.001

Continued
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well as sociodemographic characteristics of these popula-
tions, as explored in the qualitative research that comple-
mented this study.11 The finding of no sex differences is 
in contrast with prior meta- analysis that have found men 
at higher risk of severe disease; however, a 2021 study of 
inpatients in Africa similarly found no sex differences in 
mortality.10 24 25 It is possible that greater differences in 
exposure and care seeking by gender in these settings 
confound the association between sex and severity.

In addition to age, current WHO guidance recommends 
that individuals who smoke, are obese or have a history 
of cardiovascular disease, diabetes mellitus, chronic 
lung disease, are at greater risk for poor outcomes from 
COVID- 19 and should be referred for inpatient care.23 
However, neither individuals who smoked, were obese or 
had chronic lung disease in our study were significantly 
more likely to be treated inpatient, suggesting a poten-
tial opportunity to improve triage and referral. Interest-
ingly, study subjects classified as being underweight and 
anaemic were both more likely to be hospitalised but did 
not face increased risk of death. However, anthropometric 
measurements frequently could not be collected for 

patients who were non- ambulatory at admission; the asso-
ciation between availability of anthropometric measure-
ments and clinical severity of COVID- 19 at admission may 
be confounding this effect. Evidence regarding anaemia 
and poor COVID- 19 outcomes from prior meta- analyses 
is mixed.26 27 We did not observe the ‘j- shape’ relationship 
between body mass index and mortality reported in prior 
meta- analysis.28 Additionally, consistent with prior liter-
ature,29 history of hypertension was strongly associated 
with increased risk of both hospitalisation and mortality, 
suggesting the need to screen for hypertension at initial 
patient consultation.

Triage of patients at risk of severe outcomes remains 
predominantly based on history of chronic conditions 
given the preponderance of evidence related to these 
conditions. While several cohort studies and case series 
suggest that individuals with HIV are at increased risk of 
severe outcomes,1 and that TB and malaria may confer 
an increased risk of COVID- 19 coinfection,30 31 evidence 
on infectious comorbidities is more limited than that 
for chronic comorbidities. Given higher prevalence 
of these conditions in our target populations in DRC 

Unadjusted odds Adjusted Odds*

Point estimate 95% CI P value Point estimate 95% CI P value

Chronic cardiac 
disease

5.63 (2.07 to 15.31) <0.001 3.65 (1.21 to 11.04) 0.02

Hypertension 3.94 (2.39 to 6.49) <0.001 2.65 (1.45 to 4.85) 0.002

Chronic comorbidities 
(ref: none)‡

<0.001 0.002

  One chronic 
comorbidity

1.00 (0.63 to 1.6) 1.19 (0.70 to 2.05)

  Two or more chronic 
comorbidities

3.79 (2.27 to 6.39) 3.11 (1.62 to 5.96)

Nutrition

BMI§ 0.02 0.01

  Obesity (ref: normal 
weight)

1.40 (0.78 to 2.52) 1.00 (0.52 to 1.95)

  Overweight (ref: 
normal weight)

0.89 (0.53 to 1.48) 0.70 (0.39 to 1.25)

  Underweight (ref: 
normal weight)

4.19 (1.52 to 11.78) 5.04 (1.63 to 15.57)

Anaemic¶ 4.30 (1.84 to 10.04) <0.001 10.69 (3.32 to 34.41) <0.001

Values in bold indicate statistically significant results.
*Individual risk factor models adjusted for age, sex, country of enrolment and (non)national status (fixed effects) and facility (random effect).
†Included travel, close contact with a confirmed case or other reason.
‡Self- reported history of diabetes, chronic cardiac disease, chronic pulmonary disease, hypertension, asthma, current smoking or a blood 
pressure at enrolment of >130/80.
§Obesity: in adults BMI ≥30, in children up to 19 years old: BMI- for- age- z- score >3 SD. Overweight: in adults BMI <30 and ≥25, in children: 
BMI- for- age- z- score 2–2.99 SD underweight: in adults: BMI <18.5, in children ≤2 SD children <5 (n=8) were excluded from this analysis, of 
them 0/7 with valid anthropometric measurements were malnourished by WHZ, and 2/7 were MAM by MUAC (≥11.5 cm and <12.5 cm).
¶Children<12 years old: haemoglobin <110 g/L, children 12–15 years old: haemoglobin <120 g/L, non- pregnant women ≥15 years old: 
haemoglobin <120 g/L, pregnant women ≥15 years old: haemoglobin <110 g/L, males ≥15 years old: haemoglobin <130 g/L.
BMI, body mass index; DRC, Democratic Republic of the Congo; MAM, moderate acute malnutrition; MUAC, mid- upper arm circumference; 
WHZ, weight- for- height.

Table 3 Continued
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(HIV=1.2%,32 TB=0.3%,33 malaria=32.6%34) and SSD 
(HIV=2.5%,35 TB=0.1%,36 malaria=27.2%34) than in high- 
income countries, gathering evidence on these conditions 
was a core aim of this study. However, our final samples 

of individuals with HIV (n=5), TB (n=4) and suspected 
(n=44) or confirmed (n=7) malaria were all small. Given 
these small samples, presence of infectious comorbidities 
was only a significant predictor of hospitalisation when 

Table 4 Unadjusted and adjusted odds of mortality by select patient characteristics

Unadjusted odds Adjusted Odds*

Point 
estimate 95% CI P value

Point 
estimate 95% CI P value

Demographic characteristics

  Age (ref: age <45 years) <0.001 <0.001

  Age 45–64 years 8.79 (2.41 to 32.0) 11.42 (3.06 to 3.06)

  Age 65+ years 37.35 (11.02 to 171.55) 49.75 (12.23 to 202.33)

  Male sex (ref: female) 1.62 (0.63 to 4.13) 0.31 2.11 (0.73 to 6.15) 0.17

  South Sudan (ref: DRC) 2.25 (0.95 to 5.31) 0.06 5.79 (0.89 to 37.83) 0.07

  National (ref: non- nationals) 3.68 (0.85 to 15.83) 0.08 8.9 (1.87 to 42.39) 0.006

COVID- 19 testing

  COVID- 19 symptoms (ref: other 
reason)†

17.58 (4.07 to 75.87) <0.001 13.44 (2.83 to 63.76) 0.001

Clinical presentation at enrolment

  Acutely ill: non- ambulatory‡ 191.56 (25.43 to 1443.3) <0.001 164.67 (18.87 to 1437.13) <0.001

  Low oxygen level (<94%) 41.13 (11.98 to 141.16) <0.001 25.29 (6.42 to 99.54) <0.001

Symptoms at enrolment (self- reported)

  Symptomatic (ref: asymptomatic)

  Cough 5.08 (1.72 to 15.02) 0.003 3.33 (1.03 to 10.79) 0.05

  Fatigue/malaise 7.04 (2.6 to 19.08) <0.001 7.09 (2.26 to 22.25) <0.001

  Shortness of breath 66.32 (15.31 to 287.34) <0.001 36.45 (7.69 to 172.87) <0.001

  Chest pain 11.21 (4.55 to 27.62) <0.001 6.37 (2.32 to 17.51) <0.001

  Loss of taste/smell 2.45 (1.02 to 5.87) 0.05 1.59 (0.56 to 4.54) 0.39

  Wheezing 12.68 (4.3 to 37.42) <0.001 11.54 (3.04 to 43.83) <0.001

  Joint pain 2.16 (0.93 to 5.02) 0.08 1.10 (0.42 to 2.90) 0.84

  Loss of appetite 7.05 (2.12 to 23.47) 0.001 5.17 (1.13 to 23.69) 0.04

Exposure

  Visit to healthcare facility 2.77 (1.22 to 6.29) 0.02 2.08 (0.78 to 5.55) 0.14

Comorbidities

  Confirmed/suspect malaria (ref: 
negative)

0.33 (0.09 to 1.19) 0.09 0.14 (0.02 to 0.91) 0.04

  History of diabetes 12.60 (5.26 to 30.2) <0.001 4.49 (1.59 to 12.63) 0.004

  History of hypertension 7.26 (3.17 to 16.61) <0.001 2.82 (1.06 to 7.49) 0.04

  High blood pressure (>130/80) 2.85 (1.27 to 6.43) 0.01 1.66 (0.64 to 4.32) 0.30

  No of chronic comorbidities (ref: none)§ <0.001 0.005

  One chronic comorbidity 1.57 (0.42 to 5.94) 0.80 (0.19 to 3.32)

  Two or more chronic comorbidities 14.25 (5.36 to 44.87) 4.96 (1.51 to 16.31)

Values in bold indicate statistically significant results.
*Individual risk factor models adjusted for age, sex, country of enrolment and (non)national status (fixed effects) and facility (random effect).
†Included travel, close contact with a confirmed case or other reason.
‡General appearance at enrolment classified by clinical staff at enrolment.
§Self- reported history of diabetes, chronic cardiac disease, chronic pulmonary disease, hypertension, asthma, current smoking, or a blood 
pressure at enrolment of >130/80.
DRC, Democratic Republic of the Congo.
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pooled. Malaria was significantly negatively associated 
with mortality, however, findings should be interpreted 
with caution given potential biases in case identification 
given universal testing was not conducted as part of the 
study protocol.

Patients presenting with evidence of respiratory symp-
toms were at greatest risk of death. Individuals with low 
oxygen levels and clinical assessment of non- ambulatory 
(generally in respiratory distress) had 25 and 164 times 
greater odds of mortality, respectively. These data suggest 
these high- risk individuals were being successfully triaged 
for inpatient care, potentially due to ability to measure 
oxygen among outpatients using pulse oximeters made 
available by the study. In August 2020, WHO revised guid-
ance on home- based management to recommend use of 
home pulse oximetry as a safe, non- invasive tool for early 
identification of low oxygen levels in patients with initially 
mild or moderate COVID- 19.23 This approach is not yet 
universal practice in many low- income settings including 
SSD and DRC and this research suggests a need to advo-
cate for their adoption and scale- up in resource- poor 
settings. Self- reported respiratory symptoms at admis-
sion (SOB, wheezing and chest pain) were also associ-
ated with increased odds of mortality which is indicative 
of the need for a standardised approach to respiratory 
assessment in outpatient screening. The strength of the 
associations between respiratory symptoms and mortality 
may be informative to improve patient triaged in these 
settings.

Our study is subject to five principal limitations. First, 
the study population reflects only patients with COVID- 19 
who interacted with the health system; given many 
barriers to case identification (including weak surveil-
lance systems, limited COVID- 19 testing capacity and 
suboptimal care seeking behaviours) the cases identified 
for recruitment are a subset of COVID- 19 cases and may 
not be representative of all the caseload in the target 
population.37 In particular, while both countries had 
similar national protocols for prioritisation of specimens 
for testing, a much larger proportion of specimens tested 
in SSD were among travellers; the larger proportion of 
travellers, most of whom were asymptomatic or had only 
mild symptoms, in SSD than in DRC is reflected in our 
sample. Second, among eligible individuals, 76.7% in SSD 
and 15.6% in DRC could not be reached given invalid or 
missing phone numbers and addresses; identification and 
enrolment of outpatients was particularly challenging, 
and limitations likely resulted in further sampling bias. 
Third, operational factors during the research led to a 
smaller sample size than planned, reducing power; these 
included insecurity and the 22 May 2021 eruption of Mt. 
Nyiragongo in DRC as well as a health worker strike in 
SSD. Fourth, infectious comorbidities were self- reported, 
potentially resulting in underdetection; these conditions 
were rarely observed in the final sample and the study 
lacked power to adequately assess their relationship with 
adverse COVID- 19 outcomes. Finally, to ensure rigorous 
supervision the study sites were all operated or supported 

by IMC and may therefore be better resourced than other 
health facilities in the two countries.

CONCLUSIONS
Risk factors for mortality observed in our study were gener-
ally consistent with those identified in the current WHO 
guidance on clinical evaluation of COVID- 19 patients 
for risk factors of severe disease based on evidence from 
higher- income settings.23 Individuals who were older, 
presenting with low oxygen levels, or reporting a history 
of diabetes, chronic cardiac disease or hypertension were 
more likely to be hospitalised suggesting successful triage 
and referral of patients at increased risk of death. Indi-
viduals with evidence of respiratory distress—as reported 
by the patient, evaluated by clinical staff, or presenting 
with low oxygen—were at greatest risk of mortality. Given 
small samples, evaluation of individual infectious comor-
bidities, anaemia and wasting is limited; however, pooled 
data suggest increased risk of hospitalisation but not 
mortality.

The evaluation of risk factors for severe COVID- 19 
presented in this study may be informative for devel-
oping locally adapted tools for improving patient triage 
and referral, to support efforts to reduce morbidity 
and mortality in these settings. Similar tools to support 
community case managers in identifying children at 
greatest need for clinical management have been effec-
tive for childhood illnesses.38 Triage and referral efforts 
may be most impactful where mobile medical teams are 
provided equipment to evaluate oxygen levels and assess 
symptoms of respiratory distress.
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