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Background: Border closure is one of the policy changes implemented to mitigate against coronavirus disease
2019 (COVID-19). We evaluated the effect of border closure on the incidence rate of COVID-19 across nine African
countries.

Methods: An interrupted time series analysis was used to assess COVID-19 incidence rates in Egypt, Tunisia,
Democratic Republic of the Congo (DRC), Ethiopia, Kenya, Ghana, Nigeria, Senegal and South Africa (SA). Data
were collected between 14 February and 19 July 2020 from online data repositories. The linear trend and mag-
nitude of change were evaluated using the itsa function with ordinary least-squares regression in Stata with a
7-d deferred interruption point, which allows a period of diffusion post-border closure.

Results: Overall, the countries recorded an increase in the incidence rate of COVID-19 after border closure. How-
ever, when compared with matched control groups, SA, Nigeria, Ghana, Egypt and Kenya showed a higher inci-
dence rate trend. In contrast, Ethiopia, DRC and Tunisia showed a lower trend compared with their controls.

Conclusions: The implementation of border closures within African countries had minimal effect on the inci-
dence of COVID-19. The inclusion of other control measures such as enhanced testing capacity and improved
surveillance activities will reveal the effectiveness of border closure measures.
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Introduction In contrast to other continents, Africa appears to be the least
affected, accounting for 4% of all cases.” Against a backdrop of

Since the onset of severe acute respiratory syndrome coron- 4 high burden of communicable diseases,® it was expected that
avirus 2 (SARS-CoV-2), named coronavirus disease 2019 (COVID- g high mortality rate would be recorded in Africa.” In addition,

19), 29155581 confirmed cases and 926 544 deaths have been  the fragile health systems, poorer access to healthcare, lower

reported to the 1World Health Organization (WHO) as of 13 ocio-economic status and a potentially vulnerable population
September 2020.* On 11 March 2020, WHO declared COVID-19a  gre fqctors that were expected to drive the incidence rates (IRs)

pandemic, affecting >100 countries.? The countries with the cur- 4 coVID-19 within Africa.” However, low levels of testing may be
rent highest number of cases (>1 million) include the USA, India,  responsible in part for the apparent low infection rates.”
Brazil and Russia.! In Africa, there were >1.1 million confirmed At the start of the pandemic, the AU endorsed a joint con-

cases in 47 countries as of 15 September 2020." The first cases  tinental strategy with the WHO and Africa Centres for Disease
in northern Africa were reported on 14 February 2020 in Egypt  control that provided support to prepare the countries in the
and 27 February 2020 in Nigeria.® As of 15 September 2020, the region.> Public health institutes within the continent leveraged
southern region of the African Union (AU) had reported the great- o the built-in surveillance and contact tracing systems that
est number of cases, reporting 51% (700 000) of the cases. South  \yere developed during the 2013-2016 West African Ebola out-
Africa (SA) bears the highest burden of the disease in the region,  preqk to control local transmission of the disease.? In addition,
accounting for approximately 47% of the cases (650 000).*
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in some countries, molecular testing for COVID-19 was scaled up
using existing systems for other disease programs, such as drug-
resistant tuberculosis, Lassa fever and human immunodeficiency
virus.?

Furthermore, public health and social measures have been
implemented across Africa to control and prevent the importa-
tion of COVID-19 and local transmission of the disease.? Mea-
sures implemented included enforcing lockdowns and border clo-
sures across the region.>® While lockdown has been shown to
be effective in reducing the transmission of COVID-19,%1° the
effect of cross-border measures and border closures on the trans-
mission of COVID-19 are not well understood.!! The limited evi-
dence on cross-border measures has focused primarily on the
impact of travel restrictions, with mixed findings.'* Available evi-
dence suggests that travel restrictions during the influenza out-
break had only limited effectiveness in the prevention of influenza
spread.’? For example, the effectiveness of travel restrictions was
limited unless combined with public health interventions and
behavioural changes in China.’ In contrast, a current modelling
study from Australia showed that a travel ban was effective in
delaying transmission of COVID-19.'* However, there are eco-
nomic impacts of border closures, such as a reduction in cross-
border trade. Evidence suggests that cross-border and informal
trade account for 40% of the gross domestic product (GDP) and
55.7% of employment in sub-Saharan Africa (SSA).® Therefore
a decrease in terms of trade may lower revenue and cause
a decline in the economic growth of African countries.® Other
impacts of cross-border restrictions include a reduction in tourism
and withdrawal of investors, which may also decrease revenue
and affect the GDP.'

Given that China is Africa’s leading commercial partner, the
risk of importation of the virus was increased due to the high air
traffic.'® Using the findings of a recent study, nine countries were
selected based on the risk of importation of the virus.'® Egypt
and SA were estimated to be at highest risk; Nigeria, Ethiopia,
Ghana and Kenya had a moderate risk and Tunisia, Democratic
Republic of Congo (DRC) and Senegal had a low-moderate risk
of importation of COVID-19.1¢ As countries across Africa are cur-
rently opening up their borders for trade, travel and business,
it is vital to investigate the effect of border closure on the inci-
dence of COVID-19. Identifying the effect of border closure in
containing COVID-19 will inform policy decisions on the use of
border closure as a preventive and control measure for disease
transmission.

In this exploratory analysis we examined the effectiveness of
border closure in nine African countries as a public health inter-
vention against COVID-19.

Methods

This is an interrupted time series analysis (ITSA) assessing COVID-
19 IRs within nine countries across the geopolitical regions of
Africa with clear border closure policies. We extracted data
between 14 February (the first confirmed case of COVID-19 in
Africa) and 19 July 2020 from online data repositories provided by
the Oxford University Blavatnik School of Government!” and the
Johns Hopkins University Center for Systems Science and Engi-
neering.'® National government policy measures regarding bor-
der closures were obtained from the Blavatnik database, details

of which have been previously described.'” We chose border
closures as an intervention as most cases of COVID-19 were
initially introduced by travellers returning from overseas. Pop-
ulation data used to calculate IRs were extracted online from
the United Nations World Population Prospects 2019.° Data
from two North Africa (Egypt and Tunisia) and seven SSA (DRC,
Ethiopia, Kenya, Ghana, Nigeria, Senegal and SA) countries were
included.

At the aggregate level, we modelled the daily natural loga-
rithm of IRs (per 10 000 inhabitants) plus one In(IR+1) for COVID-
19 within nine African countries that implemented border closure
as a strategy to curtail the spread of the disease, using an inter-
rupted time series design.?®?! First, we fit a linear segmented
multiple regression model with the form

Yi = Bo + B1Tt + BoXe + B3 Xe Tt + BuZ + BsZT: + BeZXT: +
B ZX: Tt + &,

where T; is the time since the start of the study, Y; is the
aggregated expected outcome In(IR+1) at equidistant time point
t, Bo to B3 denote the control group and B, to B; denote
the treatment group. Specifically, B, is the difference in the
level of the intercept of the outcome between the treatment
and control group before the intervention, Bs is the slope/trend
of the outcome between the treatment and control group
prior to the intervention, B¢ denotes the difference between
the treatment and control group in the level of the outcome
immediately following the intervention and B; is the differ-
ence in slope/trend between the treatment and control group
of the outcome after intervention (closure) compared with pre-
intervention (before closure, i.e. the difference in differences of
slope).??

The intervention (X;) was set 7 d after the date closure was
implemented for the various countries. This was to account
for the time it takes the border closure policy to take effect??
and for the reported incubation period of COVID-19.24%> Here,
Xi=0 before closure and X;=1 otherwise, Z is a dummy vari-
able and represents the group allocation (treatment, country
of interest or control, other countries, matched control coun-
try), X¢Tt, ZX; and ZX;T; are interaction terms and e is the error
term.

The data were analysed using Stata 16.1 (StataCorp, College
Station, TX, USA) with the user-written commands actest for the
Cumby-Huizinga test for autocorrelation and itsa and itsamatch
for linear ITSA models.?!-?¢ Unlike the single-group model, where
the counterfactual estimates depend on the treatment group’s
pre-intervention trend estimates, the strength of the multigroup
ITSA model lies in the fact that the control group serves as the
counterfactual to the treatment group for all estimates.?? Con-
trols for each country were selected using itsamatch, which iden-
tifies countries that will best serve as matched controls in the
multigroup ITSA.?6 The matched controls for DRC were Kenya and
Nigeria; for Egypt they were Senegal, SA and Tunisia; for Ethiopia
they were all other countries; for Ghana it was DRC; for Kenya they
were DRC, Ethiopia and Nigeria; for Nigeria they were DRC and
Kenya; for Senegal they were Egypt, SA and Tunisia; for SA they
were Egypt, Senegal and Tunisia and for Tunisia they were (Egypt,
Senegal and SA). We adjusted for autocorrelation by setting the
lagto 7. We assumed there would be no seasonality because time
points were relative to the start of the pandemic rather than cal-
endar time.
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A Overview of Covid-19 incidence within Africa
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Figure 1. Trends and daily observed incidence of Covid-19 in nine countries within Africa from 14 February to 19 July 2020. (A) Linear data and (B)

IN(IR+1).

Table 1. ITSA of the effect of border closure on COVID-19 rates across Egypt and Tunisia

Newey-West

Variable B standard error p-Value 95% CI

Egypt
B1 0.011 0.003 <0.001 0.006 to0 0.016
Bs+p1 0.008 0.002 <0.001 0.004 t0 0.012
By 0.043 0.055 0.432 —0.065t0 0.151
Bs —0.003 0.003 0.294 —0.009 to 0.003
First day of closure 0.741 0.185 <0.001 0.378t0 1.103
B3 0.019 0.005 <0.001 0.001 to 0.029
B3+B7 0.031 0.002 <0.001 0.026 to 0.035
Bs —0.466 0.204 0.023 —0.0651t00.868
B7 0.012 0.006 0.033 0.001 to 0.023
Constant -0.122 0.040 0.002 0.044 t0 0.200

Tunisia
B1 0.006 0.011 <0.001 0.004 to 0.008
Bs+p1 0.009 0.003 0.002 0.003 t0 0.015
Bs —-0.029 0.052 0.575 —0.131t00.073
Bs 0.003 0.003 0.383 —0.003 to 0.009
First day of closure 0.344 0.118 0.004 0.112t0 0.576
B3 0.034 0.003 <0.001 0.026 to 0.040
B3+67 —0.000 0.003 0.926 —0.006 to 0.005
Be 1.068 0.243 <0.001 0.592 to 1.544
B7 —0.035 0.004 <0.001 0.027 t0 0.043
Constant —0.062 0.019 0.001 0.024 to 0.099

B1: pre-closure trend, control; B3: difference pre-closure vs post-closure, control; B4: difference pre-closure level, treatment vs control; Bs:
difference pre-closure trend, treatment vs control; B¢: difference immediately after closure, treatment vs control; B7: difference pre-closure vs
post-closure, treatment vs control; Bs+p81: pre-closure trend, treatment; B3+p7: difference pre-closure vs post-closure, treatment.

Results

The COVID-19 IRs for all nine included countries (Egypt, Tunisig,
DRC, Ghana, Nigeria, Senegal, Kenya, Ethiopia and South Africa)
since 14 February 2020 are shown in Figure 1. SA had the highest
IR of COVID-19, while Ethiopia had the lowest IR.

All ITSA models were of good fit. The country-specific seg-
mented multiple regression data of In(IR+1) are presented in

Table 1 (Egypt and Tunisia), Table 2 (DRC, Ethiopia and Kenya) and
Table 3 (Ghana, Nigeria, Senegal and SA).

For Egypt, the mean difference in COVID-19 In(IR+1) level
between Egypt and controls/counterfactuals before border clo-
sure was 0.043 (95% confidence interval [CI] —0.065 to 0.151)
and the mean difference in the COVID-19 In(IR+1) trend was
—0.003 (95% CI —0.009 to 0.003). On the first day of the inter-
vention we saw a decrease in In(IR+1) of 0.741 (95% CI 0.378 to
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Table 2. ITSA of the effect of border closure on COVID-19 rates across DRC, Ethiopia and Kenya

Newey-West
Variable B standard error p-Value 95% (I
DRC
B1 0.001 0.000 0.005 0.000 to 0.001
Bs+pB1 0.001 0.000 0.016 0.000 to 0.002
B —0.005 0.007 0.538 —0.019t0 0.010
Bs 0.000 0.001 0.406 —0.001 to 0.001
First day of closure —0.257 0.055 <0.001 0.148 t0 0.365
B3 0.029 0.001 <0.001 0.027 t0 0.030
B3+B7 0.024 0.001 <0.001 0.022 t0 0.025
Bs 0.128 0.071 0.072 —0.012 t0 0.267
B7 —0.007 0.003 <0.001 0.002 to 0.008
Constant —0.007 0.003 0.029 0.001 to 0.0134
Ethiopia
B1 0.001 0.000 0.036 0.000 to 0.001
Bs+B1 0.001 0.001 0.016 0.000 to 0.002
B —0.008 0.009 0.409 —0.026 t0 0.011
Bs 0.001 0.001 0.246 —0.001 to 0.002
First day of closure -0.171 0.048 <0.001 0.077 to 0.265
B3 0.024 0.001 <0.001 0.023t00.026
B3+B7 0.037 0.002 <0.001 0.033t00.041
Bs 0.593 0.146 <0.001 0.305t0 0.881
B7 0.013 0.002 <0.001 0.009 to 0.017
Constant —0.007 0.004 0.109 —0.015 t0 0.002
Kenya
B1 0.000 0.000 0.009 0.000 to 0.001
Bs+pB1 0.000 0.000 0.021 0.000 to 0.001
By —0.001 0.003 0.785 —0.006 to 0.004
Bs 0.000 0.000 0.732 —0.000 to 0.000
First day of closure -0.321 0.073 <0.001 0.179 to 0.464
B3 0.025 0.001 <0.001 0.022 t0 0.027
B3+B7 0.028 0.001 <0.001 0.026 t0 0.031
Bs —-0.019 0.121 0.877 —0.256t00.219
B7 0.004 0.002 0.049 0.000 to 0.007
Constant —0.003 0.001 0.030 0.000 to 0.006

B1: pre-closure trend, control; Bs: difference pre-closure vs post-closure, control; B,: difference pre-closure level, treatment vs control; Bs:
difference pre-closure trend, treatment vs control; B¢: difference immediately after closure, treatment vs control; 8: difference pre-closure vs
post-closure, treatment vs control; B8s+81: pre-closure trend, treatment; Bs+p87: difference pre-closure vs post-closure, treatment.

1.103). This was followed by a significant increase in the mean
difference in the COVID-19 In(IR+1) trend within Egypt after bor-
der closure of 0.031 (95% CI 0.026 to 0.035). Overall, after bor-
der closure, the mean difference in the COVID-19 In(IR+1) trend
between Egypt and controls was —0.012 (95% CI —0.001 to
0.023). We see that In(IR+1) in Egypt increased after border clo-
sure by 0.039 and in the controls/counterfactuals by 0.030, a dif-
ference of 0.009 (95% CI —0.001 to 0.018) (see Figure 2, panel A
and Table 1).

For Tunisia, the mean difference in the COVID-19 In(IR+1) level
between Tunisia and controls before border closure was 0.029
(95% CI —0.131 0.073) and the mean difference in the COVID-
19 In(IR+1) trend was —0.003 (95% CI —0.003 to 0.009). On the

first day of the intervention we saw a decrease in In(IR+1) of
0.344 (95% CI 0.112 to 0.576). This was followed by no change
in the mean difference in the COVID-19 In(IR+1) trend within
Tunisia after border closure of —0.000 (95% CI —0.006, 0.005).
Overall, after border closure, the mean difference in the COVID-
19 In(IR+1) trend between Tunisia and controls was —0.035 (95%
CI 0.027 to 0.043). The In(IR+1) in Tunisia increased after border
closure by 0.009 and in the controls/counterfactuals by 0.041, a
difference of —0.032 (95% CI 0.025, 0.039) (see Figure 2, panel B
and Table 1).

For the SSA countries, the mean difference in the COVID-19
INn(IR+1) level between DRC and controls before border closure
was —0.005 (95% CI —0.019 to 0.010) and the mean difference in
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Table 3. ITSA of the effect of border closure on COVID-19 rates across Ghana, Nigeria, Senegal and South Africa

Newey-West
Variable B standard error p-Value 95% CI
Ghana
B1 0.001 0.000 0.036 0.000 to 0.001
Bs+p1 0.001 0.001 0.016 0.000 to 0.002
Bs —0.008 0.010 0.409 —0.026t0 0.011
Bs 0.001 0.001 0.246 —0.001 to 0.002
First day of closure -0.171 0.048 <0.001 0.077 to 0.265
B3 0.024 0.001 <0.001 0.023t0 0.026
B3+B7 0.037 0.002 <0.001 0.033 t0 0.041
Bs 0.593 0.146 <0.001 0.305t0 0.881
B7 0.013 0.002 <0.001 0.009 to 0.017
Constant —0.007 0.004 0.109 —0.015 t0 0.002
Nigeria
B1 0.001 0.000 <0.001 0.001 to 0.002
Bs+p1 0.001 0.000 0.013 0.000 to 0.001
B 0.007 0.008 0.329 —0.007 t0 0.022
Bs —0.001 0.000 0.162 —0.001 to 0.000
First day of closure -0.166 0.052 0.002 0.063 to0 0.269
B3 0.026 0.001 <0.001 0.024t0 0.028
B3+B7 0.029 0.001 <0.001 0.027 t0 0.031
Be —0.005 0.080 0.953 —0.162 t0 0.153
B7 0.003 0.002 0.054 —0.000 to 0.006
Constant —-0.016 0.006 0.008 0.004 to 0.027
Senegal
B1 0.009 0.002 <0.001 0.006 t0 0.013
Bs+p1 0.007 0.002 0.001 0.003 t0 0.012
Bs 0.022 0.051 0.663 —0.079t0 0.124
Bs —0.002 0.003 0.535 —0.008 to 0.004
First day of closure 0.696 0.177 <0.001 0.349 to 1.043
B3 0.023 0.005 <0.001 0.013t0 0.032
B3+B7 0.025 0.003 <0.001 0.020t0 0.031
;3 -0.271 0.223 0.224 —0.708 t0 0.166
B7 0.003 0.006 0.615 —0.008 to 0.014
Constant —-0.100 0.032 0.002 0.036 to 0.164
South Africa
B1 0.010 0.002 <0.001 0.006 to 0.0139
Bs+p1 0.011 0.004 0.011 0.003 t0 0.020
By —-0.023 0.080 0.776 —0.180t0 0.135
Bs 0.001 0.005 0.789 —0.008 t0 0.011
First day of closure 0.696 0.149 <0.001 0.403 t0 0.988
B3 0.016 0.004 <0.001 0.010t0 0.023
B3+B7 0.039 0.005 <0.001 0.030to0 0.048
Bs —0.286 0.189 0.131 —0.657 t0 0.085
B7 0.022 0.006 <0.001 0.011 to 0.034
Constant —0.106 0.035 0.002 0.038t0 0.174

B1: pre-closure trend, control; B3: difference pre-closure vs post-closure, control; B,4: difference pre-closure level, treatment vs control; Bs:
difference pre-closure trend, treatment vs control; B¢: difference immediately after closure, treatment vs control; B7: difference pre-closure vs
post-closure, treatment vs control; Bs+p81: pre-closure trend, treatment; B3+p7: difference pre-closure vs post-closure, treatment.
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Figure 2. Trends and observed and predicted IRs of COVID-19 within (A) Egypt and (B) Tunisia from 14 February to 19 July 2020.
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Figure 3. Trends and observed and predicted IRs of COVID-19 within (A) DRC, (B) Ethiopia and (C) Kenya from 14 February to 19 July 2020.

the COVID-19 In(IR+1) trend was 0.000 (95% CI —0.001 to 0.001).
On the first day of the intervention we saw a decrease in In(IR+1)
of 0.257 (95% CI 0.148, 0.365). This was followed by a significant
increase in the mean difference in the COVID-19 In(IR+1) trend
within DRC after border closure of 0.024 (95% CI 0.022 to 0.025).
Overall, after border closure, the mean difference in the COVID-
19 In(IR+1) trend between DRC and controls was —0.007 (95% CI
0.002 to 0.008). The In(IR+1) in DRC increased during border clo-
sure by 0.025 and in the controls by 0.029, a difference of —0.004
(95% CI 0.002 to 0.006) (see Figure 3, panel A and Table 2).

In Ethiopia, the mean difference in the COVID-19 In(IR+1) level
between Ethiopia and controls before border closure was 0.008
(95% CI —0.026 to 0.011) and the mean difference in the COVID-
19 In(IR+1) trend was 0.001 (95% CI —0.001 to 0.002). On the
first day of the intervention we saw a decrease in In(IR+1) of

0.171 (95% CI 0.077 to 0.265). This was followed by a signifi-
cant increase in the mean difference in the COVID-19 In(IR+1)
trend within Ethiopia after border closure of 0.037 (95% CI 0.033
to 0.041). Overall, after border closure, the mean difference in the
COVID-19 In(IR+1) trend between Ethiopia and the controls was
0.013 (95% CI10.009 to 0.017). The In(IR+1) in Ethiopia increased
after border closure by 0.022 and in the controls by 0.031, a dif-
ference of —0.009 (95% CI 0.003 to 0.015) (see Figure 3, panel B
and Table 2).

In Kenya, the mean difference in the COVID-19 In(IR+1) level
between Kenya and controls before border closure was —0.001
(95% CI —0.006 to 0.004) and the mean difference in the COVID-
19 In(IR+1) trend was 0.000 (95% CI —0.000 to 0.000). On the
first day of the intervention we saw a decrease in In(IR+1) of
0 (95% CI 0.179 to 0.464). This was followed by a significant
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Figure 4. Trends and observed and predicted IRs of COVID-19 within (A) Ghana, (B) Nigeria, (C) Senegal and (D) South Africa from 14 February to 19

July 2020.

increase in the mean difference in the COVID-19 In(IR+1) trend
within Kenya after border closure of 0.028 (95% CI 0.026 to
0.031). Overall, after border closure, the mean difference in the
COVID-19 In(IR+1) trend between Kenya and the controls was
0.004 (95% CI 0.000 to 0.007). The In(IR+1) in Kenya increased
after border closure by 0.028 and in the controls by 0.025, a dif-
ference of 0.004 (95% CI 0.000 to 0.007) (see Figure 3, panel C
and Table 2).

In Ghana, the mean difference in the COVID-19 In(IR+1) level
between Ghana and controls before border closure was —0.008
(95% CI —0.026 to 0.011) and the mean difference in the COVID-
19 In(IR+1) trend was 0.001 (95% CI —0.001, 0.002). On the first
day of the intervention we saw a decrease in In(IR+1) of 0.171
(95% C10.077, 0.265). This was followed by a significant increase
in the mean difference in the COVID-19 In(IR+1) trend within
Ghana after border closure of 0.037 (95% CI 0.033, 0.041). Over-
all, after border closure, the mean difference in the COVID-19
[N(IR+1) trend between Ghana and the controls was 0.013 (95%
CI 0.009 to 0.017). The In(IR+1) in Ghana increased after bor-
der closure by 0.038 and in the controls by 0.025, a difference
0f 0.013 (95% C10.010, 0.017) (see Figure 4 panel A and Table 3).

For Nigeria, the mean difference in the COVID-19 In(IR+1) level
between Nigeria and controls before border closure was 0.007
(95% CI —0.007 to 0.022) and the mean difference in the COVID-
19 In(IR+1) trend was —0.001 (95% CI —0.001 to 0.000). On the
first day of the intervention we saw a decrease in In(IR+1) of
0.166 (95% CI 0.063 to 0.269). This was followed by a signifi-
cant increase in the mean difference in the COVID-19 In(IR+1)
trend within Nigeria after border closure of 0.029 (95% CI 0.027

to 0.031). Overall, after border closure, the mean difference in the
COVID-19 In(IR+1) trend between Nigeria and the controls was
0.003 (95% CI —0.000 to 0.006). The In(IR+1) in Nigeria increased
during border closure by 0.030 and in the controls by 0.027, a dif-
ference of 0.002 (95% CI —0.000 to 0.005) (see Figure 4, panel B
and Table 3).

For Senegal, the mean difference in the COVID-19 In(IR+1)
level between Senegal and controls before border closure was
0.022 (95% CI —0.079 to 0.124) and the mean difference in the
COVID-19 In(IR+1) trend was 0.002 (95% CI —0.008 to 0.004).
On the first day of the intervention we saw a decrease in In(IR+1)
of 0.696 (95% CI 0.349 to 1.043). This was followed by a signif-
icant increase in the mean difference in the COVID-19 In(IR+1)
trend within Senegal after border closure of 0.025 (95% CI 0.020
to 0.031). Overall, after border closure, the mean difference in
the COVID-19 In(IR+1) trend between Senegal and the controls
was 0.003 (95% CI —0.008 to 0.014). The In(IR+1) in Sene-
gal increased after border closure by 0.033 and in the controls
by 0.032, a difference of 0.001 (95% CI —0.008 to 0.010) (see
Figure 4, panel C and Table 3).

In SA, the mean difference in the COVID-19 In(IR+1) level
between SA and controls before border closure was 0.023 (95%
CI —0.180 to 0.135) and the mean difference in the COVID-19
In(IR+1) trend was 0.001 (95% CI —0.008 to 0.011). On the
first day of the intervention we saw a decrease in In(IR+1) of
0.696 (95% CI 0.403 to 0.988). This was followed by a significant
increase in the mean difference in the COVID-19 In(IR+1) trend
within SA after border closure of 0.039 (95% CI 0.030 to 0.048).
Overall, after border closure, the mean difference in the COVID-19
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In(IR+1) trend between SA and the controls was 0.022 (95% (I
0.011 to 0.034). The In(IR+1) in SA increased after border closure
by 0.050 and in the controls by 0.026, a difference of 0.024 (95%
C10.018, 0.029) (see Figure 4, panel D and Table 3).

Discussion

Overall, the countries recorded an increase in the IR trend for
COVID-19 after border closure. However, the In(IR+1) trend after
border closure varied across the nine countries, with SA show-
ing a significantly higher In(IR+1) trend compared with the
control group. Similarly, Nigeria, Ghana, Egypt and Kenya had
higher In(IR+1) trends compared with their control groups, while
Ethiopia, DRC and Tunisia showed a lower In(IR+1) trend com-
pared with their control groups. These findings suggest that bor-
der closure alone was not effective in decreasing the incidence of
COVID-19 in African countries.

Given the risk of importation of COVID-19 through cross-
border movement, many African countries implemented inter-
national guidelines to limit the importation of COVID-19 cases.®
Border closure was one of the strategies implemented, in addi-
tion to other mitigation measures such as school closures, work-
place closures, cancellation of public events, restriction of gather-
ings and social distancing.?’ Given that border closures were not
singly implemented for the containment and control of COVID-19
in Africq, it is expected that there should be a reduction in the IRs
of COVID-19 across the included countries. Based on the findings
of this study, it is evident that there may be multifactorial rea-
sons for the continued increase in the IRs of COVID-19 in Africa.
Economic, political and sociocultural factors that differ between
Africa and other continents need to be taken into account when
adopting COVID-19 prevention measures.® While measures such
as personal hygiene, social distancing and stay-home lockdowns
have proven to be successful in limiting the spread of COVID-
19, this is not the case in Africa.”® These measures may be
effective in the short term, however, they are unsustainable
in the long term due to limited infrastructure, including piped
water, sewage and adequate landfills.® In addition, overcrowding
and food security may also make these measures ineffective in
Africa.?®

Furthermore, high-income nations in Europe, the Americas,
Asia and the Pacific have implemented economic stimulus pack-
ages to support businesses and individuals.® However, countries
in Africa could not afford such economic stimuli due to limited
fiscal capacity.® In addition, most economies are informal and
contribute 60-80% of employment in Africa.® Informal cross-
border trade is considered an important source of employment,
contributing to a large share of self-employment among women
in the region.® In many African countries, many families survive
on daily earnings made from these ventures. The border clo-
sures may have had untold effects and affected the majority of
livelihoods due to disruptions in trade and the supply chain.®?°
The effect is an increasing rate of unemployment that will have
a profound negative effect on household welfare and health.®
As a result, a significant economic burden has been placed on
many individuals and families. This economic insufficiency on
individuals and families and the need to survive may prompt cit-
izens to ignore the social distancing directive, which may con-

tribute to the rising incidence of COVID-19 in many African coun-
tries.3? Therefore there is a need for African governments to con-
sider other flexible and sustainable alternatives to facilitate infor-
mal trade.® African leaders need to also focus on strengthening
cross-border infrastructure that can manage cross-border heath
threats, including developing an effective contact tracing and
testing system.®

Limitations

This article has provided evidence on the effect of border closures
on COVID-19 IRs in nine African countries with border closure
measures. However, these findings should be interpreted with
caution. First, ITSA does not consider data at the subject level and
hence cannot predict the likelihood of the effectiveness of the
intervention at the individual level. Second, the estimates of the
overall effect of the intervention involved extrapolation, which
is inevitably associated with uncertainty. Third, the regression
method assumes linear trends over time that may not be the case
for infectious disease dynamics; however, to avoid under pre-
dictions, each treatment country was measured against a mod-
elled counterfactual/control, which strengthens the conclusions
derived from this study. Although the Blavatnik database pro-
vided information about the presence or absence of a border clo-
sure policy, it did not offer information on policy adherence or the
effective implementation of the policy. Given that informal cross-
border trading is a source of income and is a poorly regulated
market,3! it is unknown if the border closure policies were effec-
tively implemented in the countries in this study. Furthermore,
while airports are a relatively manageable point of entry, the
same cannot be said of land borders between countries in Africa.
Some land borders in the region may not be fenced and are only
identified by an isolated concrete pillar.3? Also, people who reside
close to borders between countries may have long-established
cross-border economic and sociocultural relationships.? To these
people, borders do not exist and they continue to cross the bor-
der at unofficial points.?? Thus, beyond the designation of formal
points of entry, border control is limited and borders are porous.>?
Finally, the findings may be considered generalizable within the
continent, however, it is important to consider the spread of the
disease, testing capabilities within countries and culturally asso-
ciated adherence to rules within countries and variations in the
time from testing to diagnosis across the different countries in
Africa. Support mechanisms need to be strengthened to ensure
reduced COVID-19 IRs while border closures and other COVID-19
mitigation measures are being implemented.

Conclusions

The COVID-19 pandemic has swept across the entire globe,
necessitating an unprecedented public health response, includ-
ing lockdowns and border closures. The implementation of bor-
der closures within African countries has had minimal effect on
the incidence of COVID-19, as shown by our study. A one-size-
fits-all strategy using solely border closure measures does not
seem adequate for the containment of COVID-19. The inclusion
of other control measures such as enhanced testing capacities
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and improved surveillance activities alongside border closures
will reveal the effectiveness of border closure measures. Prompt
implementation of all COVID-19 mitigation measures needs to be
well coordinated at the national level to ensure that residents of
African countries do not live oblivious to the true state of COVID-
19 infection.
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