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African countries have a very different demographic structure
than resource-rich countries: in many African countries, over
50% of the population live in rural communities. These com-
munities are much smaller than urban communities, and are
widely dispersed; therefore, in rural areas, there is ‘intrinsic social
distancing’ due to low population density. There is considerable
travel linking urban and rural areas.

Although many severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) transmission models have been fairly
accurate in their predictions for resource-rich countries, mod-
els have tended to be very inaccurate in their predictions for
Africa.1,2 We propose that one important reason for this inaccu-
racy is that the structure of the current models does not consider
the spatial demography of African countries. We demonstrate
the importance of spatial demography by using, as an example,
spatial demographic and SARS-CoV-2 surveillance data3 from
Namibia, where ∼50% of the population live in rural areas.4

Since March 2020, there have been four waves of coronavirus
disease 2019 (COVID-19) in Namibia (Figure 1A), ∼156 000
confirmed cases and ∼4000 deaths.5 We used the most recent
Inter-census data4 to calculate the urban–rural (UR) index for
each of the 14 administrative regions of Namibia. The index
specifies the proportion of the population that live in urban
areas, and ranges from zero to one. A region has an index of one
if all of its residents live in urban areas, and zero if they all live in
rural areas. The UR index ranges widely from 0.05 for Omusati
to 0.95 for Khomas; Khomas contains Namibia’s capital
Windhoek.

For all 14 regions, we compared the time of the first
reported confirmed case of COVID-19 in a region with the UR

index for that region. At the regional-level, the introduction of
SARS-CoV-2 occurred over a period of 6 months: between March
2020 and August 2020. The more rural the region (i.e. the lower
the UR index) the later the reported case: Spearman’s correlation
coefficient, ρ = −0.64; P = 0.014. This result, and the mapped
surveillance data (Figure 1B), show that the COVID-19 epidemic
in Namibia began in the most urbanized regions (which are in the
central and southern regions of the country) and progressively
spread to the most rural regions (which are in the north).

Notably, we found a very strong positive correlation between
the UR index and SARS-CoV-2 transmission (we define trans-
mission as the cumulative number of confirmed cases of COVID-
19 per 100 000 individuals) over all four waves of the epidemic
(Figure 1C; ρ = 0.93; P < 0.001) and for each separate wave:
1 (ρ = 0.87; P < 0.001), 2 (ρ = 0.82; P < 0.001), 3 (ρ = 0.92;
P < 0.001) and 4 (ρ = 0.78; P = 0.002). Taken together, these
results show that the more urban the region, the higher the trans-
mission. Regional transmission varied 15-fold. It was the highest
(10 645 confirmed cases per 100 000 individuals) in Karas, and
the lowest (699 confirmed cases per 100 000 individuals) in
Kavango West.

Our analysis has limitations. First, we cannot correct for
possible bias in detection rates across regions: no regional data
are available on the number of performed tests. Second, because
we do not have data at a high enough spatial resolution, we
cannot determine where the cases occurred within each admin-
istrative region or the connectivity (i.e. movement of infected
individuals) between—and within—regions. Third, we do not
have data (either genomic or contact tracing) to determine the
number of subsequent introductions that occurred in each region.
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Figure 1. The COVID-19 epidemic in Namibia. (A) Reported confirmed cases of COVID-19 over time (light blue) with a 7-day moving average (dark

blue). (B) Map of the cumulative confirmed number of cases of COVID-19 per 100 000 individuals in each of the 14 regions of Namibia. (C) The

cumulative confirmed number of cases of COVID-19 per 100 000 individuals vs the UR index in each of the 14 regions of Namibia.

Confounding could occur if continuous introductions were
associated with higher transmission. In addition, we cannot
determine the impact of repeated introductions on the size and
shape of regional outbreaks.

We have shown the importance of spatial demography
for understanding geographic variation in the severity of the
COVID-19 epidemic within Namibia; previous studies have
shown the importance of spatial determinants for understanding
differences in the severity of COVID-19 epidemics between
African countries.6–8 Consequently, we conclude that there is
a need to include spatial demography, differential transmission
in urban and rural areas and travel between—and within—
regions (and countries), when constructing new SARS-CoV-2
transmission models for African countries. Such models may

be more accurate, and hence more useful than the current
transmission models, for predicting the future of COVID-19
epidemics in Africa.
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