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Patient care and clinical outcomes for patients with
COVID-19 infection admitted to African high-care or
intensive care units (ACCCOS): a multicentre, prospective,
observational cohort study

The African COVID-19 Critical Care Outcomes Study (ACCCOS) Investigators*

Summary

Background There have been insufficient data for African patients with COVID-19 who are critically ill. The African
COVID-19 Critical Care Outcomes Study (ACCCOS) aimed to determine which resources, comorbidities, and critical
care interventions are associated with mortality in this patient population.

Methods The ACCCOS study was a multicentre, prospective, observational cohort study in adults (aged 18 years or
older) with suspected or confirmed COVID-19 infection who were referred to intensive care or high-care units in
64 hospitals in ten African countries (ie, Egypt, Ethiopia, Ghana, Kenya, Libya, Malawi, Mozambique, Niger, Nigeria,
and South Africa). The primary outcome was in-hospital mortality censored at 30 days. We studied the factors
(ie, human and facility resources, patient comorbidities, and critical care interventions) that were associated with
mortality in these adult patients. This study is registered on ClinicalTrials.gov, NCT04367207.

Findings From May to December, 2020, 6779 patients were referred to critical care. Of these, 3752 (55-3%) patients
were admitted and 3140 (83.7%) patients from 64 hospitals in ten countries participated (mean age 55-6 years;
1890 [60-6%] of 3118 participants were male). The hospitals had a median of two intensivists (IQR 1-4) and pulse
oximetry was available to all patients in 49 (86%) of 57 sites. In-hospital mortality within 30 days of admission
was 48-2% (95% CI 46-4-50-0; 1483 of 3077 patients). Factors that were independently associated with mortality
were increasing age per year (odds ratio 1-03; 1-02-1-04); HIV/AIDS (1-91; 1-31-2-79); diabetes (1-25; 1-01-1-56);
chronic liver disease (3 -48; 1-48-8-18); chronic kidney disease (1-89; 1-28-2-78); delay in admission due to a shortage
of resources (2-14; 1-42-3-22); quick sequential organ failure assessment score at admission (for one factor [1-44;
1-01-2-04], for two factors [2-0; 1-33-2-99], and for three factors [3- 66, 2-12—6-33]); respiratory support (high flow
oxygenation [2-72; 1-46-5-08]; continuous positive airway pressure [3-93; 2.13-7-26]; invasive mechanical
ventilation [15-27; 8 -51-27 - 37]); cardiorespiratory arrest within 24 h of admission (4-43; 2-25-8 - 73); and vasopressor
requirements (3-67; 2-77-4-86). Steroid therapy was associated with survival (0-55; 0-37-0-81). There was no
difference in outcome associated with female sex (0-86; 0-69-1-06).

Interpretation Mortality in critically ill patients with COVID-19 is higher in African countries than reported from
studies done in Asia, Europe, North America, and South America. Increased mortality was associated with insufficient
critical care resources, as well as the comorbidities of HIV/AIDS, diabetes, chronic liver disease, and kidney disease,
and severity of organ dysfunction at admission.

Funding The ACCCOS was partially supported by a grant from the Critical Care Society of Southern Africa.

Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction
SARS-CoV-2 has overwhelmed health-care systems by
causing high rates of critical illness. The global case
fatality rate of COVID-19 is approximately 3%,' with
older people (eg, people older than 62 years) who have
comorbidities known to be more susceptible than
younger people.? Moreover, there is a concern of further
mortality with subsequent waves across regions globally.
Our hypothesis was that critically ill patients with
COVID-19 might have worse health outcomes in Africa
than other continents because the ability to provide
sufficient care is compromised by having a small
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workforce,” having a low number of intensive care
facilities, and the scarcity of critical care resources.* We
also hypothesised that unplanned admissions would
further adversely affect critical care outcomes in Africa’
as the ability of health-care systems to respond to meet
the clinical workload is limited. Finally, patient outcomes
following critical care for COVID-19 were not sufficiently
documented in this under-resourced environment,®
despite a call for prevention and response measures in
low-income and middle-income countries.’

As there were little data for the management of critically
ill patients with COVID-19,* we designed the African
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Research in context

Evidence before this study

We searched MEDLINE, Embase, the Cochrane Library, Africa-
Wide Information, and SciELO Citation Index between Jan 1 and
Sept 23, 2020 (as well as an updated search from Sept 23 to
Dec 6, 2020) using the search terms “(Betacoronavirus OR
Betacoronaviruses)”, “(Corona Virus OR Corona Viruses OR
Coronavirus OR Coronaviruses)”, “(COVID OR COVID19

OR COVID-19)”, “(CoV OR CoV2 OR HCoV-19 OR nCoV OR
2019nCoV)”, “(Severe Acute Respiratory Syndrome CoV OR
severe acute respiratory syndrome coronavirus 2 OR

SARS CoV 2 OR SARS-CoV-2 OR SARSCoV OR SARS-CoV

OR SARS2)”, “(Intensive care OR intensive care unit* OR ICU*)”,
“(ITU* or intensive treatment” OR intensive treatment unit*)”,
“critical care”, “critical* ill*”, “1or2 or3or4or5" "6 or7 or 8 or
9”,“10 and 11", “Limit 12 to yr="2020". Studies that included
patients with COVID-19 who were not in critical care, and
critical care cohorts restricted to a specific patient subgroup
were excluded. Studies published in all languages were
considered in our search. There is little data to guide the
management of critically ill patients with COVID-19 in under-
resourced environments. Previously published systematic
reviews confirmed that there were no published outcomes data
from Africa, and little data for factors associated with mortality
or survival in under-resourced environments.

Added value of this study

Mortality following critical care admission for patients with
suspected COVID-19 infection and confirmed COVID-19
infection in this African cohort was 48-2% (95% Cl 46-4-50-0).
The meta-analysis reports a global mortality of 31-5%
(27-5-35-5), with the African data reporting an excess mortality
of 11 (in the best case scenario) to 23 (in the worst case

COVID-19 Critical Care Outcomes Study (ACCCOS) to
determine which resources, patient comorbidities, and
critical care interventions were associated with mortality
or survival in these patients. Wide dissemination of these
findings could help to inform resource prioritisation
necessary to manage patients who are critically ill with
COVID-19 in Africa. This objective remains relevant as a
recent meta-analysis® reported no critical care outcomes
data from Africa, or patient management data in resource-
limited settings.

We aimed to determine which critical care resources,
patient comorbidities, and hospital interventions were
associated with in-hospital mortality in patients with
suspected or confirmed COVID-19 who were referred to
critical care in ten African countries.

Methods

Study design and participants

The ACCCOS study was a multicentre, prospective,
observational cohort study in adults (aged 18 years or
older) who were referred to intensive care or high-care

scenario) deaths per 100 patients compared with the global
average. The excess mortality could be explained by the
shortage of critical care resources. In our study, only one in
two patients referred for critical care were admitted. Patients
were admitted to units with limited access to dialysis, proning,
extracorporeal membrane oxygenation (ECMO), arterial blood
gases, and pulse oximetry. Furthermore, at the patient level,
access to interventions (eg, dialysis, proning, and ECMO) were
estimated to be between seven-times and 14-times lower than
what is needed to manage critically ill patients with COVID-19.
Adjusted analyses suggest that critical care mortality is
associated with increasing age, the patient comorbidities of
HIV/AIDS, diabetes, chronic liver disease, and kidney disease,
the severity of organ dysfunction on presentation to critical
care, and the initial need for increasing respiratory and
cardiovascular support. The quick sequential organ failure
assessment score at admission was associated with patient
mortality and could be a simple and feasible risk stratification
tool to use in under-resourced environments.

Implications of all the available evidence

In our study, mortality was strongly associated with organ
dysfunction and the level of organ support needed at critical
admission. The use of the quick SOFA score could provide
guidance for appropriate triage decision making at the time of
referral to critical care in an under-resourced setting when
managing critically ill patients with COVID-19. Strategies are
needed to mitigate risk in patients with COVID-19 in Africa with
coexisting HIV/AIDS, diabetes, chronic liver disease, and kidney
disease. It is likely that patient outcomes will continue to be
severely compromised until the problems surrounding critical
care resource scarcity are addressed.

units with suspected or confirmed COVID-19 in
ten African countries (ie, Egypt, Ethiopia, Ghana, Kenya,
Libya, Malawi, Mozambique, Niger, Nigeria, and South
Africa). The study was open to all African countries, and
these ten countries fulfilled the ethics and regulatory
requirements to participate. A high-care unit was defined
as a patient area that provides a level of care between that
given in an intensive care unit and a general ward but
that does not usually provide invasive ventilation. Eligible
patients included all patients admitted to a high-care
or intensive care unit with suspected or confirmed
COVID-19. Patient follow-up was until hospital discharge,
censored at 30 days if the patient was in hospital. The
study recruited from May 7 to Dec 18, 2020. The primary
ethics approval was from the Human Research Ethics
Committee of the University of Cape Town (Cape Town,
South Africa).

All patients received standard of care for patients with
suspected or confirmed COVID-19 and who required
critical care admission. We planned to recruit as many
sites as possible in Africa. Sites were requested to include
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all eligible patients and to recruit for as long as possible
with the understanding that they could stop recruiting
at any point if they were overwhelmed Dby clinical
commitments. Each site had to complete an eligible
patients’ screening log.

The primary ethics committee approved a so-called
delayed consent process, as most patients would be unable
to consent at the time of admission to critical care. The
delayed consent process ensured consent by the patient
(following stabilisation or recovery), a legal representative,
or a proxy (in instances in which the patient was unable to
provide consent). If there was no opportunity to acquire
delayed consent before the study outcome was reached,
then the ethics committee approved the inclusion of the
patient’s data in the study. The justification for this process
was to minimise the risk of a non-consecutive patient
enrolment, which would result in a biased sample. Some
ethics committees waived consent. All sites fulfilled local
ethics and regulatory requirements. The protocol and
statistical analysis plan are posted at ClinicalTrials.gov,
NCT04367207.

Procedures

Hospital specific data were collected by the hospital lead
investigator before study registration and included:
(1) the level of care, (2) the number of hospital and critical
care beds, (3) reimbursement status, and (4) other factors
affecting patient care (eg, nurse-to-patient ratio). The
case record form and definitions document are in the
appendix (pp 13-16).

To ensure a representative sample, we planned to
include as many sites as possible with the requirement
for inclusion of all consecutive patients using the delayed
consent procedure.

Outcomes

The primary outcome of our study was in-hospital
mortality within 30 days of admission. The secondary
outcome was to determine the factors (ie, human and
facility resources, patient comorbidities, and critical care
interventions) that were associated with mortality in
adult patients with suspected or confirmed COVID-19.

Statistical analysis

With 25-30 variables potentially associated with mor-
tality in critically ill patients with COVID-19 (appendix
pp 17-18) the minimum sample size required approxi-
mately 250-300 deaths to avoid violating the principle
of approximately ten outcome events (ie, deaths) per
variable in the regression.” An interim analysis preprint®
was published in October, 2020, once that sample size
was reached. The database was locked on Dec 18, 2020,
with 1483 deaths in the cohort.

A statistical analysis plan was published on
ClinicalTrials.gov before data evaluation for the interim
analysis (appendix pp 17-18). Data were presented at an
Africa wide level. Categorical variables were described as
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proportions and were compared using X2 tests.
Continuous variables were described as mean (SD) or
median (IQR). Comparisons of continuous variables
between groups were done using i-tests, one-way
ANOVA, or equivalent non-parametric tests. The main
model included patients with complete outcome data
(ie, the main model excluded patients who were still in
hospital and receiving therapy and who had not reached
the outcome definition of death, discharge, or alive in
hospital at 30 days). A three-level generalised linear
mixed model (GLMM) was fitted using a logit link to
identify independent risk factors for the primary
outcome of mortality (with patients being at the first
level, hospitals at the second level, and countries at the
third level) to account for the expected correlation in
outcomes within hospitals and countries. A fully
conditional specification method was used to impute
missing values for variables using an iterative
Markov chain Monte Carlo method. We used a predictive
mean matching method for scale variables. Five imputed
datasets were constructed. All risk factors were
considered for entry into the model provided there was
no evidence of collinearity. The variables included
subject variables, resource variables, and therapy
variables. Subject variables included age, sex, body-mass
index, coronary artery disease, congestive heart failure,
hypertension, stroke or transient ischaemic attack,
diabetes mellitus, cancer, whether the patient was a
current smoker, chroniclung disease, active tuberculosis,
chronic liver disease, HIV/AIDS, chronic or previous
malaria, chronic kidney disease, cardiorespiratory
arrest in the 24 h before referral to critical care, quick
sequential organ failure assessment (SOFA) score," and
full SOFA® score on referral or admission. Resource
variables included admission delayed due to the shortage
of resources (eg, bed and staffing), nurse-to-patient ratio
in critical care, ability to provide invasive ventilation,
and physician availability on site 24 h per day, 7 days a
week. Therapy variables included organ support at
admission, respiratory support, proning, ventilatory
support, intubation, inotropes or vasoconstrictors,
dialysis, therapeutic anticoagulation, steroid therapy,
repurposed or experimental COVID-19 drug therapy,
and extracorporeal membrane oxygenation (ECMO).
Collinearity was assessed using the variance inflation
factor. Collinearity was associated with intubation,
respiratory and ventilatory interventions, number of
organs requiring support, and anticoagulation.
Therefore, we created a single categorical variable for
respiratory support (ie, none, oxygen, high flow
nasal oxygen, continuous positive airway pressure, and
invasive mechanical ventilation) and removed the
dialysis and ECMO variables, which had collinearity
with anticoagulation. The subsequent variance inflation
factor showed collinearity between the subject variable
“chronic malaria or malaria within 3 months” and the
therapy variable “repurposed or experimental COVID-19

For the study protocol see

https://clinicaltrials.gov/
ProvidedDocs/07/

NCT04367207/Prot_SAP_000.

pdf
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Number of hospitals or
median values

Hospital level of care
Primary

Secondary

Tertiary

Funding
Government

Private

Dual funding
Hospital type
University affiliated
Non-university affiliated

Population served

Hospital beds

Critical care beds providing invasive
ventilation

Critical care beds unable to provide invasive
ventilation

Specialist intensivists

Specialist doctors (not intensivists)
Non-specialist doctors

Nurse-to-patient ratio (day)
Nurse-to-patient ratio (night)

Doctor to patient ratio

Doctor on site in critical care after hours
Surge capacity

Number of extra intensive care ventilators

Number of operating room ventilators
available for critical care upgrade

Haematology laboratory on hospital site
Ability to do arterial blood gases on hospital
site

Critical care oxygen supply

Vacuum insulated evaporator

Cylinder oxygen

Oxygen concentrator

Pulse oximetry

All patients

Selected patients

No patients

Ability to provide prone ventilation

Ability to provide renal replacement
therapy

Ability to provide extra-corporeal
oxygenation

Data are median (IQR) or n/N (%).

4157 (7%)
13/57 (23%)
40/57 (70%)

50/57 (88%)
3/57 (5%)
4/57 (7%)

44157 (77%)
13/57 (23%)

2.0 million
(0-2 million-5-0 million)

500 (250-775)
12 (7-25)

11(8-29)

2 (1-4)
4(2-8)
6 (2-11)
1:2 (1:2-1:1)
1:2 (1:3-1:1)
1:4 (1:6-1:3)
49/57 (86%)

5(3-10)
4(1-8)

56/57 (98%)
45/55 (82%)

27/57 (47%)
22/57 (39%)
8/57 (14%)

49/57 (86%)
7/57 (12%)
1/57 (2%)

40/57 (70%)

39/57 (68%)

9/57 (16%)

Table 1: The characteristics of the hospitals included in the study

drug therapy”. We removed “repurposed or experimental
COVID-19 drug therapy” as this therapy variable was a
heterogeneous variable compared with “chronic malaria
or malaria within 3 months”. No further collinearity was
identified. A three-level random-intercept mixed effects
logistic regression was done on each of the five imputed

| 6779 patients referred to critical care* |

—b| 3027 patients not admitted to critical care unit |

A 4

| 3752 patients admitted to critical care unit |

—>| 612 patients not entered into the database |

A 4
| 3140 patients in the ACCCOS database |

Figure: The ACCCOS recruitment

ACCCOS=African COVID-19 Critical Care Outcomes Study. *Three of 64 hospitals
did not submit a screening log. The three hospitals without screening logs
contributed 18 patients (ten patients from one hospital, six patients from
another hospital, and two patients from a third hospital)

datasets using the glmer function in the Ime4 package®
in R.* Estimates were combined from the five repeated
complete data analyses using the pool function from the
mice package.” The pool function implements the rules
for combining the separate estimates and SEs from each
of the imputed datasets to provide an overall estimate
with SEs, CIs, and p values.” A p value of less than 0-05
was considered significant. To allow for comparison
with the imputed datasets, the complete case analysis
was also presented.

The results of the GLMM are reported as adjusted odds
ratios with 95% Cls. Sensitivity analyses defined a priori
were: (1) confirmed SARS-CoV-2-positive patients only,
(2) confirmed SARS-CoV-2 patients excluding patients
who had life support withdrawn or therapy limited
(ie, the decision not to provide additional therapy, such
as ventilation, adrenaline, and dialysis, to the patient’s
current therapy because of the expected poor prognosis),
and (3) only patients who died or who were discharged
alive (excluding in-hospital patients). A post-hoc
sensitivity analysis that was requested by the reviewers
excluded “cardiorespiratory arrest within 24 h of
admission” as a potential variable. All analyses were done
by AH and BMB.

A post-hoc decision was taken to update the critical
care meta-analyses of COVID-19 mortality by region,®*
done by EHT, KDMM, MEIh, and JS. We have presented
the case fatality rate for COVID-19 infections by region
and did a meta-analysis of the mean age and SOFA score
per region. The regional case fatality rate, critical care
outcomes meta-analysis, and the meta-analysis of means
for ages and SOFA scores provide context for rates of
mortality in critical care in Africa.

Univariate analyses and the imputations were done
using SPSS (version 26.0). The mixed effects logistic
regressions were done using R.” The meta-analyses were
done using Stata 16 (StataCorp. 2019. Stata Statistical
Software: Release 16. College Station, TX: StataCorp LLC).
This study is registered on ClinicalTrials.gov, NCT04367207.
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All patients Patients who died Patients who survived p value

(n=3140) (n=1483) (n=1594)
Age, years
Mean (SD) 56 (16-11) 5874 (1574) 52:68 (15-88) <0-0001
Age quartiles, years
18-45 832/3072 (27-1%) 302/1480 (20-4%) 530/1592 (33-3%) <0-0001
46-56 713/3072 (23-2%) 317/1480 (21-4%) 396/1592 (24-9%)
57-67 769/3072 (25-0%) 409/1480 (27-6%) 360/1592 (22-6%)
>67 758/3072 (247%) 452/1480 (19-2%) 306/1592 (19-2%)
Sex
Male 1890/3118 (60-6%) 902/1481 (60-9%) 966/1593 (60-6%) 0-883
Female 1228/3118 (39-4%) 579/1481 (39-1%) 627/1593 (39-4%)
Body-mass index categories
<25 397/1596 (24-9%) 169/715 (23-6%) 221/851 (26-0%) 0-030
25-29:9 548/1596 (34-3%) 239/715 (33-4%) 300/851 (35-3%)
30-34-9 353/1596 (22:1%) 151/715 (21-1%) 198/851 (23-3%)
35-39:9 154/1596 (9-6%) 82/715 (11-5%) 65/851 (7-6%)
240 144/1596 (9-0%) 74/715 (10-3%) 67/851(7-9%)
Missing 1544 768/1511 (50-8%) 743/1511 (49-2%)
Comorbidities
Coronary artery disease 237/3093 (7-7%) 128/1469 (8-7%) 109/1586 (6-9%) 0-058
Congestive heart failure 209/3087 (6-8%) 100/1465 (6-8%) 106/1584 (6-7%) 0-885
Hypertension 1572/3104 (50-6%) 794/1476 (53-8%) 759/1588 (47-8%) 0-001
Stroke or transient ischaemic attack 139/3088 (4-5%) 7711465 (5-3%) 62/1584 (3-9%) 0-082
Diabetes 1175/3090 (38-0%) 623/1471 (42-4%) 542/1582 (34-3%) <0-0001
Cancer 96/3088 (3-1%) 49/1466 (3-3%) 45/1586 (2-8%) 0-463
Current smoker 140/3078 (4-5%) 56/1458 (3-8%) 80/1581 (5-1%) 0-114
Chronic lung disease 216/3088 (7-0%) 105/1465 (7-2%) 108/1586 (6-8%) 0-722
Active tuberculosis 51/3084 (1-7%) 30/1462 (2:1%) 20/1583 (1-3%) 0-116
Chronic liver disease 46/3086 (1-5%) 29/1465 (2-0%) 17/1585 (1-1%) 0-052
HIV/AIDS 237/3084 (7-7%) 149/1460 (10-2%) 86/1587 (5-4%) <0-0001
Antiretroviral therapy 180/273 (65-9%) 115/175 (65-7%) 64/96 (66-7%) 0-894
Chronic malaria or malaria within 3 months 190/3089 (6-2%) 60/1465 (4-1%) 130/1586 (8-2%) <0-0001
Chronic kidney disease 241/3085 (7-7%) 149/1465 (10-2%) 90/1585 (5-7%) <0-0001
Condition at admission
Cardiorespiratory arrest in 24 h before critical 100/3086 (3-2%) 7711467 (52%) 22/1583 (1-4%) 0-001
care referral
Organ support required at admission
Respiratory support 2743/3102 (11-6%) 1375/1479 (93:0%) 1332/1587 (83-9%) <0-0001
Cardiovascular support 609/296 (19-4%) 451/1396 (32:3%) 155/1537 (10-1%) <0-0001
Renal support 282/3072 (9-2%) 185/1462 (12:7%) 95/1581 (6-0%) <0-0001
Other support 510/3024 (16-9%) 217/1432 (152%) 293/1568 (18.7%) 0-011
Number of organ systems requiring support
No organ system 271/3066 (8-8%) 92/1479 (6-2%) 179/1587 (11-3%) <0-0001
One organ system 1816/3066 (59-2%) 797/1479 (53-9%) 1019/1587 (64-2%)
Two organ systems 705/3066 (23-0%) 389/1479 (26:3%) 316/1587 (19-9%)
Three organ systems 219/3066 (7-1%) 151/1479 (10-2%) 68/1587 (4-3%)
Four organ systems 55/3066 (1-8%) 50/1479 (3-4%) 5/1587 (0-3%)
Quick SOFA score on presentation
SBP <100 mm Hg 471/3088 (15-3%) 326/1472 (221%) 141/1576 (8:9%) <0-0001
Respiratory rate =22 breaths per min 2502/3085 (81-1%) 1237/1468 (84-3%) 1235/1578 (78:3%) <0-0001
Glasgow Coma Scale score <14 850/3072 (27-7%) 588/1459 (40-3%) 253/1574 (16-1%) <0-0001

(Table 2 continues on next page)
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All patients Patients who died Patients who survived p value
(n=3140) (n=1483) (n=1594)
(Continued from previous page)
Quick SOFA score
No risk factors 395/3069 (12:9%) 116/1458 (8-0%) 275/1573 (16:1%) <0-0001
One risk factor 1786/3069 (58-2%) 744/1458 (51-0%) 1015/1573 (64-5%)
Two risk factors 641/3069 (20-9%) 395/1458 (27-1%) 240/1573 (15:3%)
Three risk factors 247/3069 (8-0%) 203/1458 (13-9%) 43/1573 (2:7%)
Full SOFA score on admission 4(3-6) 5 (4-8) 4(2-5) <0-0001
Full SOFA score missing data 2136
Intensive care unit resources
Admission delayed because of shortage of 248/2947 (8-4%) 146/1382 (10-6%) 100/1530 (6-5%) 0-0001
resources (eg, bed and staffing)
Nurse-to-patient ratio 0-5(0-25-1-00) 0-5(0-33-1-00) 0-5(0-25-0-67) <0-0001
Ability to provide invasive ventilation for patient  2780/3091 (87-7%) 1361/1470 (92-6%) 1319/1585 (83-2%) <0-0001
if required
Physician available on site 24 h /7 days a week 2760/3084 (89-5%) 1353/1463 (92-5%) 1376/1583 (86:9%) <0-0001
Respiratory support (ie, highest level of support)
None 421/2995 (14-1%) 237/1416 (16.7%) 182/1546 (11-8%) <0-0001
Oxygen mask 1352/2995 (43-1%) 489/1416 (34-5%) 860/1546 (55-6%)
High-flow nasal oxygenation 589/2995 (19-7%) 293/1416 (20-7%) 274/1546 (17-7%)
CPAP 633/2995 (21-1%) 397/1416 (28-0%) 230/1546 (14-9%)
Prone ventilation
None 1516/2826 (53-6%) 664/1305 (50-9%) 846/1503 (56-3%) <0-0001
Not ventilated 989/2826 (35-0%) 396/1305 (30-3%) 581/1503 (38-7%)
Invasive mechanical ventilation 321/2826 (11-4%) 245/1305 (18-8%) 76/1503 (5-1%)
Ventilatory support
None 1358/2902 (46-8%) 298/1384 (21-5%) 1053/1494 (70-5%) <0-0001
Non-invasive ventilation 380/2902 (13-1%) 168/1384 (12-1%) 206/1494 (13-8%)
Invasive mechanical ventilation 1164/2902 (40-1%) 918/1384 (66-3%) 235/1494 (15-7%)
Intubation
No 1896/3062 (61-9%) 532/1458 (36-5%) 1346/1576 (85-4%) <0-0001
Yes (elective) 385/3062 (12:6%) 293/1458 (20-1%) 90/1576 (5-7%)
Yes (emergency) 781/3062 (25-5%) 633/1458 (43-4%) 140/1576 (8-9%)
Inotropes or vasoconstrictors 931/3086 (30-2%) 748/1472 (50-8%) 179/1587 (11:3%) <0-0001
Dialysis 330/3073 (10-7%) 177/1467 (12-1%) 150/1579 (9-5%) 0-022
Therapeutic anticoagulation 2430/3084 (78-8) 1218/1478 (82:4%) 1188/1579 (75-2%) <0-0001
Steroid therapy 2519/3011 (83-7%) 1211/1430 (84-7%) 1281/1552 (82-5%) 0125
Repurposed or experimental COVID-19 drug 367/2937 (12:5%) 122/1367 (8-9%) 243/1549 (15:7%) <0-0001
therapy
Extracorporeal membrane oxygenation 7/862 (0-8%) 5/359 (1-4%) 2/501 (0-4%) 0-110
(if available)
Data are mean (SD), n (%), n (proportion), or median (IQR). Odds ratios were constructed for in-hospital mortality with univariate binary logistic regression analysis.
CPAP=continuous positive airway pressure. SBP=systolic blood pressure. SOFA=sequential organ failure assessment.
Table 2: Description of African COVID-19 critical care cohort

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

Of the 40 African countries that were invited to
participate via the African Perioperative Research Group
(with 26 country leaders accepting the invitation), ten

countries (which included 64 hospitals) participated;
Egypt (ten hospitals), Ethiopia (seven hospitals), Ghana
(two hospitals), Kenya (three hospitals), Libya (14 hos-
pitals), Malawi (three hospitals), Mozambique (two
hospitals), Niger (two hospitals), Nigeria (eight hospitals),
and South Africa (13 hospitals). 57 (89%) hospitals
provided hospital level data (table 1). Most of the
hospitals were university affiliated, government funded,
and tertiary level hospitals. There was a median of
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two intensivists (IQR 1-4), with a median nurse-to-
patient ratio of 1:2 (1:2-1:1) during the day. 27 (47%) of
57 hospitals had oxygen available from vacuum
insulated evaporators, with a median surge ventilator
capacity of five intensive care ventilators (3-10) and four
anaesthesia ventilators (1-8). Only 49 (86%) sites could
provide pulse oximetry to all patients in critical care, and
39 (68%) could provide renal replacement therapy.
3752 (55-3%) of 6779 patients who were referred to
critical care were admitted (figure). 3140 (83-7%) of
3752 patients who were eligible were included in our
study, with a median of 25 patients (11-59) per hospital.
The age range was 18 to 100 years, with men comprising
1890 (60-6%) of 3118 patients.

From May 7 to Dec 18, 2020, 6779 patients were
referred to critical care (figure). 2995 (95-4%) of
3140 patients in the cohort were confirmed positive for
SARS-CoV-2 infection. Patients were referred from the
emergency department (937 [30-2%)] of 3103 patients),
from another department within the same hospital
(926 [29-8%)] patients), or another hospital (1240 [40-0%)]
patients). Mortality differed between the sites of referral
(p=0-002), with in-hospital mortality of 401 (43-5%) of
921 patients from emergency departments, 443 (48-5%)
of 914 patients from in-hospital referrals, and
629 (51-2%) of 1228 patients from other hospitals.
Admission to critical care was delayed in 248 (8-4%) of
2947 patients because of a shortage of resources at the
time of admission. A quick SOFA score of three had a
mortality of 203 (82%) of 247 patients. Patients who
required mechanical ventilation had a mortality rate of
78-9% (918 of 1164 patients).

The patients enrolled in our study had a mean age of
56 years with few comorbidities, and 39-4% were women
(table 2). The most common comorbidities were hyper-
tension, diabetes, HIV/AIDS, coronary artery disease, and
chronic kidney disease. The quick SOFA score was
completed in 3069 (97-7%) of 3140 patients at admission."
Most (2136 [68-0%] of 3140 patients) did not have a full
SOFA score done at admission.

The length of critical care stay was 7 days (IQR 4-12).
The decision to limit therapy was made in 284 (9-2%)
of 3086 patients, and therapy was withdrawn in
81 (2-6%) patients. 72 (88-9%) of the 81 patients in whom
therapy was withdrawn had already had therapy limited.

In-hospital mortality in the 30 days after admission to a
high-care or critical care unit occurred in 1483 (48-2%;
95% CI 46-4-50-0) of 3077 patients, with 261 (16-4%) of
1594 patients alive and in hospital at 30 days (35 of these
244 [data from 17 patients is missing with respect to
whether they were in an intensive care unit or not] patients
were still in intensive care), and 1333 (83-6%) patients had
been discharged. The primary outcome was unknown for
63 patients.

For secondary outcome measures, the missingness of
data for the GLMM is given in the appendix (p 19).
The GLMM for the risk factors associated with mortality
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(ie, resources, comorbidities, and interventions) is shown
in table 3. Risk factors that were independently associated
with mortality were increasing age and the comorbidities
of HIV/AIDS, diabetes, chronic liver disease or kidney
disease, an increasing quick SOFA score, high flow
nasal oxygenation, continuous positive airway pressure,
invasive mechanical ventilation, and cardiorespiratory
arrest within 24 h before admission to critical care, and
the need for inotropes. Steroid therapy was associated
with increased survival. The sex of the patient was not

0dds ratio (97-5% Cl) p value

Patient characteristics
Intercept 0-01 (0-0-04) <0-0001
Age, years 1-03 (1-02-1-04) <0-0001
Female 0-86 (0-69-1-06) 015
Body-mass index

<25 1 (ref)

25.0-29-9 112 (0-78-1-61) 0-52

30-0-34-9 1.06 (0-73-1-53) 0-77

35:0-39-9 116 (0-74-1-81) 0-51

240 111 (0-66-1-86) 0-70
Comorbidities
Coronary artery disease 0-80 (0-54-119) 0-27
Congestive heart failure 0-93 (0-63-1-38) 071
Hypertension 0-95 (0:76-1-19) 0-65
Stroke or transient ischaemic attack 1-04 (0-63-1-69) 0-89
Diabetes 125 (1-01-1.56) 0-04
Cancer 1-62 (0-90-2:91) 011
Current smoker 0-59 (0-35-1:01) 0-06
Chronic lung disease 0-96 (0-65-1-42) 0-85
Active tuberculosis 1-86 (0-85-4-06) 0-12
Chronic liver disease 3-48 (1-48-818) 0-004
HIV/AIDS 1.91 (1-31-2-79) 0-0008
Chronic malaria or malaria within 3 months 1.06 (0-52-2-15) 0-88
Chronic kidney disease 1-89 (1-28-2-78) 0-001
Cardiorespiratory arrest in 24 h before critical care 4-43 (2-25-873) <0-0001
referral
Quick SOFA score
No risk factors 1 (ref)
One risk factor 1-44 (1-01-2-04) 0-04
Two risk factors 2.00 (1-33-2:99) 0-0008
Three risk factors 3.66 (2:12-6-33) <0-0001
Intensive care unit resources
Admission delayed because of shortage of resources 214 (1-42-3-22) 0-0003
(eg, bed and staffing)
Physician available on site 24/7 for patient 0-84 (0-50-1-42) 0-51
Nurse-to-patient ratio (per unit increase) 1:31(0-98-1.74) 0-07
Respiratory support
None 1 (ref)
Oxygen mask 128 (0:74-2-20) 0-37
High flow nasal oxygenation 272 (1-46-5-08) 0-002
CPAP 3-93(2:13-7-26) <0-0001
Invasive mechanical ventilation 15-27 (8-51-27-37) <0-0001

(Table 3 continues on next page)
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average. Mortality was associated with increasing age,

Oclds ratio (97-5% 1) pyalue HIV/AIDS, diabetes, chronic liver disease, kidney disease,
(Continued from previous page) a high severity of organ dysfunction on presentation, and
Organ systems requiring support at admission increasing respiratory and cardiovascular support. A
No organ system 1 (ref) shortage of critical care resources could have contributed
One organ system 0-93 (0-56-1-52) 076 to increased mortality. The SOFA score could represent a
Two organ systems 0-93 (0-54-158) 078 simple, quick tool for risk stratification of patients with
Three organ systems 1.49 (0.76-2-93) 0-25 COVID-19 at the point of critical care admission.
Four organ systems 2:99 (0-88-10-18) 008 Compared with other studies that have found men at
Prone ventilation higher risk of mortality with COVID-19, the finding of no
None 1 (ref) sex differences in mortality in our study was unexpected.”
On spontaneous ventilation 0-82 (0-61-1.09) 017 It is possible that women have an increased mortality

142 (0-88-2:30) 015 risk generally because of the barriers to accessing care

Inotropes or vasoconstrictors 367 (2.77-4-86) <0-0001 and limitations or biases in care when critically ill,*
Therapeutic anticoagulation 118 (0-85-1-63) 033 which could have moderated the differences between
( men and women here. Previously, the clinical course

On invasive mechanical ventilation

Steroid therapy 0-55 (0-37-0-81) 0-003

CPAP=continuous positive airway pressure. SOFA=sequential organ failure assessment. Controls are patients alive in
hospital and alive and discharged at 30 days (n=3140).

Table 3: Generalised linear mixed model (pooled results of the imputed datasets) for patients referred to
critical care with suspected or confirmed COVID-19 infection with full dataset for mortality
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associated with mortality. The sensitivity analyses
supported these findings (appendix pp 20-25). No human
resource factors (ie, physician available on site 24 h/7
days a week for patients and nurse-to-patient ratio) were
associated with mortality.

A post-hoc analysis exploring the frequency of
interventions received by patients who required invasive
mechanical ventilation showed that 148 (12-9%) of 1146 of
these patients also received dialysis.

The updated meta-analyses are shown in the
appendix (pp 26—40). The overall reported global mortality
was 31-5% (95% CI 27-5-35-5) and the mortality in Africa
was higher than the mortality in the other regions. The
excess mortality in Africa was 11 excess deaths per
100 admissions in Africa (in the best case scenario) and
23 excess deaths per 100 admissions in Africa (in the
worst case scenario), compared with the global rate. The
age and SOFA scores of this cohort were significantly
lower than the global cohort, and the point estimates of
this cohort were lower than the other regional cohorts
(appendix pp 30-31). The case fatality rate in Africa was
approximately 0-1% higher than in Europe and the global
average, and similar to North America’s case fatality rate.
In Africa, up until Dec 11, 2020, there were 57 (40-1% of
the global average) cases of COVID-19 per 100 000 popu-
lation, which was lower than the global average of
140 cases per 100000 population (appendix p 41)."

Discussion

The principal finding of our study was that in-hospital
mortality following critical care admission for COVID-19
infection in Africa occurred in 48-2% (95% CI 46-4-50-0)
of 3077 patients in the 30 days after high-care or inten-
sive care unit admission, with an excess mortality of
11-23 deaths per 100 patients compared with the global

of patients with HIV and COVID-19 infection was
unknown.” Our data suggests that HIV/AIDS is an
important risk factor for COVID-19 mortality. Our study
also supports the use of steroid therapy to decrease
mortality from COVID-19 in this patient population.?

Itis possible that overall mortality following SARS-CoV-2
infection is lower in Africa than in the other parts of the
world (appendix p 41). However, the critical care
in-hospital mortality was higher for African countries
than for other, non-African countries. There are several
possible reasons to explain this finding. First, the scarcity
of critical care resources in African countries might
contribute to the high critical care mortality. Second,
there are inadequate critical care beds,* with only one in
two patients referred to critical care being admitted. Yet,
the full SOFA scores suggest that the patients who were
admitted could be relatively healthier than patients
admitted in countries with more critical care resources
(appendix p 31). Third, when considering the proportion
of sites that could provide dialysis, proning, ECMO,
arterial blood gases, and pulse oximetry, data from our
study suggests that the African countries included in our
study had very under-resourced critical care facilities.
These data suggest that these countries had a low-volume
critical care capacity, which could have adversely affected
outcomes.” Lastly, merely counting the available critical
care resources necessary for intervention does not
accurately reflect the proportion of patients who actually
receive the interventions. We estimate that patient access
to interventions was between seven-times lower (for
dialysis and proning) and 14-times lower (for ECMO)
than what is required. Dialysis was available in 39 (68%)
of 57 sites and was offered to only 330 (10%) of
3073 patients. Yet, acute kidney injury could occur in
over 90% of patients with COVID-19 admitted to intensive
care units, with one in four patients who have been
ventilated requiring renal replacement therapy.*

Proning is included in acute respiratory distress
syndrome management strategies and has been provided
in over 90% of patients.” As 75% of patients with
COVID-19 referred to critical care develop acute
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respiratory distress syndrome,” at least six times more
patients should have received proning in our cohort.
Similarly, ECMO was only available in nine (15-8%) of
57 sites (table 1), but ECMO was offered to less than
1% of patients; yet large registry data supports its use in
patients with COVID-19 with refractory respiratory
failure.” Lack of access to these interventions could partly
explain the high mortality in Africa, and why one in
eight patients had therapy withdrawn or limited.

The human resources available to these critical care
units were somewhat good with respect to availability of
a physician 24 h per day (7 days a week), and nurse-to-
patient ratio. However, the inability to admit approxi-
mately half of the referred patients to the critical care
unit could reflect intensive care units working at full
capacity with the available resources, and therefore the
effect of limited critical care human resources might
have resulted in adverse outcomes outside the critical
care unit, which we could not assess.

There are several limitations to our study. First, our
study presents data from predominantly tertiary hospitals,
yet pulse oximetry was not universally available. It is likely
that lower level hospitals with less resourced critical care
units might have had worse outcomes than those reported
in this cohort. Furthermore, referral to higher level centres
might have further increased mortality before patients
were able to reach an appropriate critical care unit. We did
not distinguish between cardiorespiratory arrests that
occurred in hospital and those out of hospital, and it is
likely that patients who had cardiorespiratory arrests
outside of hospital might have had a higher mortality,
and might be poorly represented in this cohort. It is
therefore possible that the mortality for patients with
COVID-19 who are critically ill might be higher than the
mortality we report. The outcomes of the patients who
were referred to critical care but not admitted are also
unknown. It is unlikely that the findings of this study are
generalisable to those patients, as their disease severity
and resources available for therapy would differ from
patients who are admitted to critical care.

Furthermore, we cannot report on the association
between severity of comorbidities (eg, CD4 cell count
in HIV/AIDS and mortality). Compared with other
COVID-19 critical care cohorts (appendix p 30), our cohort
was on average younger and it is therefore likely that the
severity of comorbidities was less in this African cohort.
Increasing age is associated with adverse outcomes in
COVID-19 infections,” and it is therefore likely that our
estimate of excess mortality is an underestimate when
matched for age and severity of comorbidities.

The inability to recruit all eligible patients reflects the
difficulties of doing research while providing a critical
care service in an under-resourced environment during a
pandemic. We have little data to help us to understand
how one in two patients died without receiving oxygen,
and how one in three patients died without receiving
inotropes. It is unclear whether these events occurred
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because of unavailability of resources, limitation of early
therapy, or underuse of resources. Finally, this cohort
represents ten African countries, despite 26 country
leaders agreeing to participate. This result shows the
difficulty in fulfilling ethics and regulatory requirements
and other barriers associated with doing research in an
under-resourced environment.” It is therefore difficult to
determine the generalisability of these results although,
to the best of our knowledge, these data provide the
largest cohort of critically ill patients with COVID-19 who
are from under-resourced environments (appendix p 28).

This is a large, prospective, multicentre study from a
previously unreported African setting and, to the best of
our knowledge, the only study in this setting that has also
included a large number of patients with HIV. The
statistical analysis plan was published before data
inspection and was adequately powered to adjust for the
association between human resources, patient comor-
bidities, and critical care interventions and mortality. All
prespecified sensitivity analyses confirm the main
findings.

Hospital and critical care resources are scarce in Africa.
Moreover, admission to critical care is restricted and
access to critical care interventions are between
seven-times and 14-times less than what is needed.
Patient comorbidities of HIV/AIDS, diabetes, chronic
liver disease and kidney disease, as well as increasing
age, are associated with increased mortality from
COVID-19 in Africa. Poor prognosis was associated with
the degree of organ dysfunction at admission and the
need for invasive mechanical ventilation or inotropic
support. Although the full SOFA score has been shown
to have superior performance to the quick SOFA score,*
most sites analysed in our study could not assess a full
SOFA score because of the scarcity of resources. The
quick SOFA score is a simple risk stratification or triage
tool that is feasible in low resource environments.

Mortality is associated with organ dysfunction and
organ support needed at critical admission; yet there are
insufficient resources to provide adequate support in
this setting. Early warning systems, risk stratification,
and early intervention are needed to avoid delays in
instituting necessary organ support. Strategies are
needed to mitigate risk in patients who are infected with
SARS-CoV-2 in Africa with coexisting HIV/AIDS,
diabetes, chronic liver disease, and kidney disease.
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