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Countries such as South Africa have limited intensive care unit 
(ICU) capacity to handle the expected number of patients with 
COVID-19 requiring ICU care. Remdesivir can prevent deaths in 
countries such as South Africa by decreasing the number of days 
people spend in ICU, therefore freeing up ICU bed capacity.
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The coronavirus disease 2019 (COVID-19) pandemic has al-
ready infected millions of people across the globe, with more 
than 400  000 COVID-related deaths reported worldwide [1]. 
Case numbers are growing rapidly in low-and middle-income 
countries, overwhelming health systems. In South Africa, the 
combined intensive care unit (ICU) capacity of the public and 
private health sectors combined was estimated to be 3340 before 
the COVID-19 pandemic took hold. As of the beginning of June 
2020, ICU beds in the Western Cape, currently the worst af-
fected of South Africa’s 9 provinces, were already at capacity [2], 
and other provinces’ capacity is projected to be overwhelmed in 
the coming weeks. The ICU capacity is expected to be breached, 
depending on the provinces, for between 3 and 6 months be-
tween June and December 2020 by a factor of 6–10 [3].

There are currently no curative therapies available for those 
with advanced COVID-19 disease, and mortality rates among 

those requiring ICU care are around 50% [4–6]. Recently, 
remdesivir has been shown to reduce the total amount of time 
in the ICU required per patient, from 15 days on average (95% 
confidence interval [CI], 13–19 days), down to 11 days on av-
erage (95% CI, 9–12  days) [7]. Remdesivir also had a nearly 
statistically significant 30% reduction on mortality [7]. Given 
the limited ICU capacity in South Africa, we sought to de-
termine the impact that remdesivir could have in preventing 
deaths through decreasing the amount of time people spend in 
the ICU, and, as a result, increasing ICU bed turnover. We also 
evaluated the impact of the potential reduction in mortality due 
to remdesivir itself alongside increasing ICU capacity.

METHODS

We first determined the number of people requiring ICU ad-
mission by province by month as projected by the South African 
National COVID-19 Epidemiology Model between June and 
December 2020 and the number of all currently available ICU 
beds by province [3]. During peak months where ICU capacity 
is expected to be breached, we calculated the additional benefit 
that remdesivir could have in terms of increasing ICU capacity 
by decreasing the average length of stay of patients. We used 
10 000 Monte Carlo simulations to sample uniformly within the 
95% CI of recovery time for patients treated with and without 
remdesivir using the results of a recently published remdesivir 
clinical trial. We assumed that the mortality rate of those re-
quiring ICU care and receiving ICU care was 50% and ranging 
up to 85% in the event that mortality is higher than expected in 
ICUs in South Africa [4–6]. We varied the death rate of those 
requiring ICU care but not receiving ICU care between 85% and 
100%, assuming that the death rate of those who need ICU care 
and do not receive it must be higher than those who need ICU 
care and do receive care. In an additional analysis, we calcu-
lated the potential direct impact of remdesivir on mortality of 
patients in the ICU for all patients in the ICU between June and 
December, varying between the 95% CIs reported in a recent 
trial (reduction in mortality of 47% to an increase of 4%), com-
pared with a baseline of 50% mortality in the ICU. We projected 
outcomes for 2 scenarios defined by optimistic and pessimistic 
assumptions regarding the impact of the country’s mitigation 
strategies since April 2020 on transmission, and report the 
2.5th–97.5th percentiles of the Monte Carlo simulations.

RESULTS

In South Africa, there are an estimated 3450 ICU beds available 
for patients with COVID-19. Intensive care unit capacity is ex-
pected to be breached, depending on the province, for between 
3 and 6  months between June and December 2020. Without 
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remdesivir, there is expected to be a total of 23  443–32  284 
patients who will occupy an ICU bed during peak months 
where the ICU is expected to be breached. With remdesivir, 
that number is expected to grow by 48–55% to 36 383–47 820 
treated in the ICU by December 2020. By giving remdesivir to 
all patients in the ICU during peak months (all to 36 383–47 820 
patients), 635–6862 deaths will be averted due to increased ca-
pacity alone if assuming an 85–100% death rate among those 
not receiving ICU care but who require ICU care (Figure 1A 

and 1B). The fewest deaths averted between June and December 
were found when the mortality rate both in the ICU (78–85%) 
and out of the ICU (85–88%) were assumed to be similar (me-
dian simulation, 635 deaths averted; 2.5th–97.5th percentile, 
172–1247). The greatest number of deaths were averted when 
the mortality rate for patients who require ICU care and do 
not receive it was highest (97–100%) and the death rate among 
those in the ICU was the lowest (50–57%) (6862 deaths averted; 
2.5th–97.5th percentile, 4890–8872).

Figure 1.  Deaths averted due to spare ICU capacity attributable to remdesivir use in months where capacity is expected to be breached (A, optimistic; B, pessimistic); 
deaths averted from spare ICU capacity during peak months plus reductions in mortality from remdesivir in all months (C, optimistic; D, pessimistic). Direct mortality reduc-
tions due remdesivir use in panels C and D compare back to an underlying 50% mortality rate in the ICU. Abbreviation: ICU, intensive care unit.
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When accounting for the reduction in mortality due to 
remdesivir use in all months as well as the reduction in deaths 
due to increasing ICU capacity, 691–19 453 deaths averted are 
predicted (Figure 1C and 1D).

DISCUSSION

The use of remdesivir use in patients with COVID-19 has the po-
tential to save many lives. The substantial life-saving impact pre-
dicted by our model is partially mediated through reducing the 
number of ICU days required per patient, and thereby creating 
additional capacity to treat more patients through more rapid pa-
tient turnover. Therefore, should the direct mortality benefit of 
remdesivir not be realized in practice, the potential for decreasing 
COVID-19 mortality is substantial. The results are, however, sen-
sitive to the underlying mortality estimates of patients in the ICU 
and patients who require ICU care but do not receive it.

This analysis has several limitations. First, if the epidemic curve 
is altogether flatter than predicted in our model projections, then 
the total number of deaths averted could be higher, as the number 
requiring ICU care would be spread out over a greater number 
of months. As the epidemic matures, the composition of the pa-
tient population entering the ICU may change, particularly if any 
rationing of resources occurs. While this may affect the point 
estimate of our results, it is unlikely to affect the magnitude of 
difference between scenarios. Importantly, while the simple 
mechanism of reducing the number of ICU days required will 
have a large impact on mortality, it can only have an impact that 
is only as large as its ICU infrastructure. For countries that have 
an even more constrained ICU bed capacity, such as Zambia with 
just 91 ICU beds [8], the absolute benefit will be much smaller. 
As additional treatment options become available, such as dex-
amethasone [9] and other options under investigation, it will be 
important to understand how improvements in mortality also 
affect length of ICU stay and time to recovery, given the direct 
impact between breached ICU capacity and mortality. Finally, 
remdesivir and similar treatments may be used outside the ICU, 
possibly resulting in an additional reduction in mortality that we 
were not able to quantify without additional effectiveness data.

To conclude, above and beyond any direct impact on mor-
tality, remdesivir can play a significant role in freeing up highly 
constrained ICU capacity, and therefore reduce the number of 

deaths caused by limited capacity. South Africa and countries 
with similarly constrained healthcare system capacity are ex-
pected to benefit the most and should consider remdesivir, or 
any other interventions that can reduce length of ICU stay, for 
patients in the ICU with COVID-19 if prices (which are cur-
rently still under negotiation) are acceptable.
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