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Abstract

SARS-CoV-2 infections are now spreading across the world. Different measures were used by governments around the world
to combat the spread of COVID-19. The efficacy of social distancing approaches in reducing the spread of COVID-19 in
Ethiopia was investigated using geospatial technologies and the CHIME model. The COVID-19 response was predicted,
measured, and compared after 25%, 75%, and 95% social distancing interventions in Ethiopia. Social distancing strategies
flatten and delay the epidemic curve, according to the model findings. The model result shows that most new events and
hospitalizations were avoided when social distancing measures were in effect. Social distancing can provide a critical time
for increasing healthcare capability, and the research findings could assist policymakers in estimating the immediate number
of resources required and planning for potential COVID-19 initiatives in Ethiopia.
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Introduction

In December 2019, coronavirus disease (COVID-19) com-
menced in Wuhan, China (Li et al. 2020), and in March
2020, the World Health Organization publicized COVID-19
as a pandemic (WHO 2020a). By 2 April 2020, COVID-
19 had reached more than 181 countries worldwide, and
more than 1 million recorded COVID-19 cases and more
than 50,000 deaths were registered internationally (Johns
Hopkins 2020).

The first coronavirus disease (COVID-19) case in Addis
Ababa, Ethiopia was confirmed on March 13, 2020. The
situation was a 48-years-old Japanese man testified to have
traveled from Japan to Burkina Faso and who then arrived
in Ethiopia (WHO 2020b). On May 16, Ethiopia had
reported 306 confirmed cases and five deaths associated with
COVID-19 (Key updates Ethiopia on coronavirus Africa
news 2020). On April 10, 2020, the Government of the Fed-
eral Democratic Republic of Ethiopia, declared a 5-month
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state of emergency to limit the spread of the Coronavirus
(COVID-19) pandemic and announces a set of interventions.

Since the COVID-19 epidemic, which was caused by
the extreme acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was declared a pandemic, a variety of non-
pharmaceutical interventions have been used to minimize
virus transmission (Yacong et al. 2020; Min et al. 2020; Lai
et al. 2020). Social or physical distancing is one of the inter-
ventions used by countries around the world. This entails
restricting public meetings and encouraging people to stay
at home unless necessary, as well as maintaining some space
between people (Cowling et al. 2019). School closures, job
non-attendance, case separation, and other distancing meas-
ures are examples of such distancing measures. Reduction
of group contact (Matrajt and Leung, 2020).

Social distance approaches have been shown to be suc-
cessful in reducing COVID-19 transmission in several studies
(Hernandez et al. 2020; Zhang et al. 2020). In China, a mod-
eling study found that social distancing and epicenter lock-
down could reduce new infection cases by up to 98.9% (Zhang
et al. 2020), while an interrupted time series study found that
social distancing reduced the growth rate of reported cases
by 52.37% on average (Hernandez et al. 2020). Distancing
should be adopted as a priority intervention for COVID-19
containment, according to the authors of the latter study
(Hernandez et al. 2020). A series of studies were performed
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in another modeling study, using four social distancing inter-
ventions: school closure, occupational non-attendance, and
social isolation.

Other studies have revealed that social distancing measures
in combination with other interventions are more effective than
distancing alone (Yacong et al. 2020; Viner et al. 2020). Early,
decisive, speedy, organized, and systematic implementation
of social distancing measures seems to be more successful
in interrupting the spread of the virus than when other inter-
ventions, as shown by experimental and modeling evidence
from past pandemics (e.g., influenza pandemics) (ECDC 2020)
Social distancing strategies have also been shown to be effec-
tive in preventing the spread of other infectious diseases. An
observational study in Hong Kong, for example, found that
social distancing not only decreased COVID-19 transmission
but also influenza transmission (Cowling et al. 2019). It is
worth noting that the majority of research on the efficacy of
distancing interventions has a low level of confidence because
it is mainly based on modeling or observational studies with
no randomization. Furthermore, some of the data available
are focused on lessons learned from previous epidemics such
as influenza, SARS, and MERS, providing indirect evidence
(ECDC 2020).

After contracting COVID-19, Ethiopia was exposed to a
number of serious threats. The macroeconomic and develop-
ment outlooks were also favorable. The prospect of debt dis-
tress, low levels of domestic resource mobilization, high infla-
tion, and high unemployment, not least among youth seeking
opportunities in an economy with high levels of informality,
all contribute to the difficult situation. There is likely to be
a higher level of vulnerability in some parts of the country,
especially in the Developing Regional States (DRS) of Afar,
Benishangul-Gumuz, Gambella, and Somalia. Although their
populations are smaller, the fragmented or dispersed existence
of settlements in these regions poses a major challenge to the
effective provision of basic services, compounded by their
relatively weak economic and institutional base.

In this study, ArcGIS Pro embedded, the COVID-19 Hos-
pital Impact Model for Epidemics (CHIME) V1.1.5 tool was
used to quantify the effectiveness of social distancing inter-
ventions in reducing the spread of COVID-19 in Ethiopia.
The study provides 60 days and 90 days COVID-19 projec-
tions from August 13, 2020. New daily admission, new ICU
admissions, new ventilated admissions, daily hospital census,
new hospitalizations, and by region are evaluated to assess the
effectiveness of different scale social distancing interventions.
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Materials and methods
Ethiopia

This study was carried out in Ethiopia (Fig. 1). Ethiopia is
in the North-Eastern part of the African continent or what
is known as the “Horn of Africa” and has a land area of
1,127,127 km?2. Ethiopia is surrounded by Sudan on the
west, Eritrea, and Djibouti on the northeast, Somalia on
the east and southeast, and Kenya on the south. Ethiopia
lies between the Equator and Tropic of Cancer, between the
30 N and 150 N Latitude or 330 E and 480 E Longitude
with a heterogeneous population of about 100 million as
per the 2015 census. There are 11 administrative regions
in Ethiopia, with the capital town being Addis Ababa. Oro-
mia and Amhara are the most populous regions (Table 1).
Afar, Harari, Gambela, and Dire Dawa are the least populous
regions in the country.

Methods

August 13, 2020, is the first day of the simulation. The study
modeled the effectiveness of social distancing by reduc-
ing contact rates. This research investigated the effective-
ness of four scenarios of social distancing. Contacts were
reduced by 95%, 75%, 25%, and 0% to analyze the response
of COVID-19 in the Ethiopian context and also applicable
to other locations with similar characteristics. This scenario
represents many interventions currently in place throughout
the world. 60 days and 90 days projections were modeled
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Table 1 Population dynamics

. ETH regions Population Confirmed cases % Cases % Population

and total confirmed cases in

Ethiopia Addis Ababa 3,585,647 16,745 63.90 3.61
Afar 1,904,414 391 1.49 1.92
Amhara 21,790,173 1037 3.96 21.95
Benishangul Gumz 1,102,849 346 1.32 1.11
Dire Dawa 508,919 669 2.55 0.51
Gambela 462,831 637 2.43 0.47
Harari 260,022 472 1.80 0.26
Oromia 37,843,290 2490 9.50 38.11
SNNP 20,262,697 1030 3.93 20.41
Somali 6,216,413 830 3.17 6.26
Tigray 5,357,192 1557 5.94 5.40
Total 99,294,448 26,204 100 100.00

with the specified social distancing interventions. COVID-
19 response curves are compared for further understanding
and possible resource management.

In this study, ArcGIS Pro embedded CHIME Model
v1.1.5 tool model was used. This tool leverages SIICR
(Susceptible, Infected, Infectious, Convalescing, Recovered)
modeling to assist hospitals, cities, and regions with capac-
ity planning around COVID-19 by providing estimates of
daily new admissions and current inpatient hospitalizations
(census), ICU admissions, and patients requiring ventilation
based on the extent to which mitigation strategies such as
social distancing or shelter-in-place recommendations are
implemented (CHIME Model v1.1.5 manual 2020). The
CHIME tool predicts a minimum of 30 days and a maximum
of 365 days; however, short period projections are recom-
mended (8). In this study, 60 days, and 90 days projections
with 25%, 75%, and 95% social distancing interventions
were analyzed and compared. Model response with 0%
social distancing intervention was also projected and ana-
lyzed. The COVID-19 response projection might be used by
all responsible organizations for better control of the disease
and resource management.

This model shows how administrator in Ethiopia needs a
simple model to project the number of patients the hospitals
in the network will need to accommodate in the next 60 days

dl

dt

Susceptible

and 90 days due to COVID-19. CHIME Model v1.1.5 tool
can be used to project future cases and hospitalizations and
shows the date and level of current social distancing inter-
ventions to flatten and delay the peak.

The CHIME (COVID-19 Hospital Impact Model for
Epidemics) Application was created to help hospitals and
public health officials better understand hospital capac-
ity requirements in the context of the COVID pandemic.
CHIME facilitates capacity planning by estimating overall
daily (i.e., new) and running totals of (i.e., census) inpatient
hospitalizations, ICU admissions, and ventilator-dependent
patients. The SIR (Susceptible, Infected, Recovered) model,
a standard epidemiological modeling technique, was used to
produce these estimates.

Individuals, hospitals, towns, and regions may use
CHIME to plan for the impending crisis. It allows users to
predict the estimated number of in-hospital patients and
regular admissions, allowing them to estimate the effect in
their area and when mitigation measures will be needed.
The CHIME model, which has been in use in epidemiology
for many years and is a central model of infectious disease
transmission, consists of individuals who are susceptible (S),
contaminated (I), or recovered (R) as modeled as follows
(Weisstein 2019).Where,

SI dR
=By it o
Recovered*®
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N=population=S+71+R

p and y, determine the severity of the epidemic. f can be
interpreted as the effective contact rate: =7 XN which is
the transmissibility T multiplied by the average number of
people exposed N.

Transmissibility is the basic virulence of the pathogen.
The number of people exposed, N, is the parameter that can
be changed through social distancing. y is the inverse of the
mean recovery time, in days. i.e., if y=1/14, then the average
infection will clear in 14 days.

The environmental science research institute (Esri) spatial
statistics software development team worked to integrate the
CHIME models into the geospatial toolbox at the start of
the COVID-19 outbreak, beginning with the CHIME model.
Putting a model into a geographic information system (GIS)
connects it to the database that powers it. This integration
allows users to imagine a problem on a map and connects
model outputs to solutions that can be implemented right
away. This study applies this ArcGIS Pro embedded CHIME
Model v1.1.5 tool 1 for analyzing the epidemic curve of
COVID-19 for different social distancing interventions in
Ethiopia.

Results
COVID-19 in Ethiopia

From Fig. 2b, the Inverse Distance-Weighted interpolation
on the current COVID-19 cases reveals a much concentra-
tion of cases in the central part of Ethiopia and extends to
Oromia and other surrounding regions. Addis Ababa region
and Oromia Regions remain hot spots for the COVID-19
Cases with 90% confidence (Fig. 2a).In this study, the hot
spot analysis was created by the Getis-Ord Gi* statistic in
the ArcGIS 10.3 Platform. The Hot Spot Analysis tool cal-
culates the Getis-Ord Gi* statistic (pronounced G-i-star) for
each feature in a dataset. The hotspot analysis and the IDW
interpolation were analyzed based on the current COVID-19
cases in the country.

In the following sections, the modeling and projections
result of COVID-19 using the CHIME V1.1.5 tool for
60 days and 90 days with different scale social distancing
are presented.

The 60 days and 90 days projections (Fig. 3.) with no
social distancing interventions did not flatten the epidemic
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New Hospitalizations Per Regions

ey Peak Hospitalized Census 200,000 - b ¢ Addis Ababa
Sharoum ) TR e STAG0335 (b) f\ ® Afar
{ 3 W <4915.683379 160,000
(a) ~ B <13010.112114 ' Amhara
: B <17034.988544 © Beneshangul Gumu
120,000
£ ] . £95692.279496 ‘S‘ / \ @ Dire Dawa
3 /m\\
Q ' * Gambela

T/ N«

40,000 _ v ®Qromia

| e, © SNNPR
0 ey

SOMALIA i

2K ieis ag0 Sep13 Sep27 ot * Somali

Number of Days from Start e

New Daily Admissions Projections

70,000

(c)

60,000 /.\
A\
, £

i

/

# New Hospitalizations
/ \ & New ICU Admissions
\ N # New Ventilated Admission

10,000 \
T

T Y T T T T T T T 1

0 5 10 15 20 25 30 35 40 45 50 55 60
Number of Days from Start
Daily Hospital Census Projections

-

Admissions
8 8
g 8
Y
/

AN
)

500,000

400,000 //.‘\\
/ \ # Hospitalized Census
# ICU Census
/ A N\  Ventilated Census
T
100,000 M P
g

(d)

8
(=]
8

Census

[
8
=}
=

T T T T T T T T Y T T 1

0 5 10 15 20 25 30 35 40 45 50 55 60
Number of Days from Start

Fig. 3 a Hospitalized census, b Change in Hospitalized census over date per region, ¢ New daily admission projection and d Daily hospital cen-
sus projection in Namibia for next 60 days with no social distancing interventions
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«Fig. 4 a Hospitalized census, b Change in Hospitalized census over
date per region, ¢ New daily admission projection and d Daily hospi-
tal census projection in Namibia for the next 60 days with 25% social
distancing intervention

curve. When an intervention was put in place later, a flatten-
ing of the epidemic curve was noted (Figs. 4, 5, 6, and 7).

The model result with no social distancing interventions
shows that the peak new daily admission occurred after
40 days from the starting date (08/13/2020) of modeling
(Fig. 3a). The model result revealed about 66,000 new
COVID-19 admissions (Fig. 3a). Out of the total new peak
admissions, about 20,000 admissions required ICU and
about 12,000 admissions needed ventilation (Fig. 3a).

The total daily hospital census projections including
patients before the modeling period (Fig. 3d) indicate about
450,000 total cases after 43 days of modeling. 182,000 ICU
admissions and 110,000 ventilated admissions.

Case 3: 60 days projection, 75% social distancing

Oromia region shows a high peak of about 184,000 new
hospitalizations on September 27, if no social distance
intervention applied (Fig. 3a, b); this is because of the
high population density in the region. All other regions
have also their peaks in September and early October.
on the other hand, the capital Addis Ababa reached its
peak cases of about 282,000 before all other regions on
September 15. The second populous region Amhara has
about 164,000 new admissions on October 01 (Fig. 3b).
The model result revealed that if no social distancing inter-
ventions are applied the most populous regions will have
the highest COVID-19 cases (Fig. 3a, b).

Scenario 2: 60 days projection, 25% social
distancing

25% of social distancing interventions delayed the epi-
demic by 15 days (Fig. 4b—d). The 60 days projection
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Fig.5 a Hospitalized census, b Change in Hospitalized census over date per region, ¢ New daily admission projection and d Daily hospital cen-
sus projection in Namibia for the next 60 days with 75% social distancing intervention

@ Springer



1894

Modeling Earth Systems and Environment (2022) 8:1887-1897

" e £ Peak Hospitalized Census Daily Hospital Census Projections
Khartourn ) exivnea e n3ma oo | » Addss Rbaba
< B T80 3 o Ml
(a) R s
W 2o 1o = » Beotshangl Gumy
" 1
“a 17083854 \ * Divt Dywy
. 3 § oao0 — i
4 !I & Gambela
1| & Hareri
A = + Oromla
:7?_-\,__"‘--.»-..‘,%_”_ . # SNPR
wi3 Al Gpld Sep2e  oag T M
( b) Nurber cf Days from Srart ® Tigrief
P

New Daily Admissions Projections

5,000 (c)

400
"
500
i * Rew Hospitalization
; 2000 * U Admissicns

* Venblyted Admissicas
0 — -
] ’::#m*‘-
0 5 10 15 20 25 30 35 40 45 50 55 ®
Number of Davs from Stort

Daily Hospital Census Projections

30,000 ( d)

25,000

20,000
g 15,000 \ * Hosptalination Census
d \ * ICU Census

100  Vertiluted Cenmus

N
5000 =M
[t}

0 5 1015 1 25 W 3B Y &6 W B
Mumber of Davs from Stort

Fig.6 a Hospitalized census, b Change in Hospitalized census over date per region, ¢ New daily admission projection and d Daily hospital cen-
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combined with 25% social distancing interventions that
reduce daily new admissions and current inpatient hospi-
talizations (census), ICU admissions, and patients requir-
ing ventilation (Fig. 4b—d). The model result depicts that
the newly hospitalization census of each region of Namibia
is associated with the number of population (Fig. 4b). Oro-
mia region will have the highest peak, about 89,000 new
admissions on October 15, 2020.

The new daily admissions and total daily hospitalized
have their peaks after 60 days of projection. The model
shows about 34,500 new daily hospitalizations of which
10,000 are ICU admissions and about 5,200 Ventilated

admissions (Fig. 4c).
Case 3: 60 days projection, 75% social distancing
When started interventions of 75%, the model shows a

reduction in the epidemic regardless of the number of
population (Fig.5b—d). The new hospitalization, ICU

@ Springer

admissions, ventilated admission, total daily hospital
census show an inclined trend. In comparison, when the
interventions began during the exponential phase of the
epidemic, all social distancing interventions flattened the
epidemic curve.

The 95% social distancing intervention shows, a very
reduction of COVID-19 transmission. New daily admis-
sions and the total hospitalized census show a decreasing
trend and show no further infection after some interval
after the modeling period (Fig.6).

Case 4: 60 days projection, 95% social distancing

Similar to the 60 days model projections above, the 90 days
projection also shows high peak COVID-19 admissions and
COVID-19 cases in Ethiopia with no social distancing inter-
ventions scenario (Fig.7). The model result depicts that the
newly hospitalization census of each region of Ethiopia is
associated with the population (Fig.7). Oromia region will
have the highest peak, about 190,000, 98,000,98 and 67 new
admissions for 0%, 255, 75% and 95% social distancing
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Fig. 7 Daily hospitalized census projection by region in Ethiopia with a daily hospitalized census. a with 0%, b with 25%, ¢ with 75% and d

with a 95% social distancing intervention

interventions. Most of the other regions of Ethiopia also
show a reduction in the number of infections and flattening
of the curves during social distancing interventions (Fig.7).

The model result suggests that the SARS-CoV-2 social
distancing interventions have an extraordinary influence in
the reducing speed of an epidemic and in flattening of the
COVID-19 curve.

Case 5: 90 days projection with 0% SD, 25% SD, 75%
SD and 95% SD

Figure 7.

Discussions

The worldwide COVID-19 pandemic is an unprecedented
catastrophe unlike any since the end of the Second World
War (WW 1I). It is the most powerful sign to date of what
occurs when unrestrained growth of human activity crashes
with the realities and boundaries of the planet. This crisis

will certainly not be the last one. As difficult as it might be
to imagine today, COVID-19 maybe not the most devastating
crisis to hit humanity in the first quarter or third of the 21st
century. There is much to be learned from this pandemic—
and to be done in response, now and into the future, at an
individual, community, societal and global scale.

The term “flatten the curve, “comes after the Centers
for Disease Control and Prevention, has been used widely
to describe the effects of social distancing interventions.
This study identifies how the different social distancing
interventions can flatten the epidemic curve of COCID-
19. In the model, different scale interventions were put
in place and compared with the model result of no social
distancing interventions. When an intervention was put
in place, the study revealed a flattening of the epidemic
curve. The effectiveness of the social distancing interven-
tion is recommended to be increased based on the ratio of
susceptible, infected, and recovered persons in the popu-
lation at the beginning of the intervention. Therefore, an
accurate estimate of the number of current and recovered
cases is crucial for evaluating possible interventions.
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Ethiopia had 135 confirmed cases and 18,754 lab tests as
of 4 May 2020, representing about 0.019% (Nussbaumer-
Streit et al. 2020) of the total population.

According to some evidence, people who recover from
COVID-19 gain immunity to SARS-CoV-2 (Zhao et al.
2020). However, the length of immunity is unknown at
this time. If immunity lasts longer than the outbreak, wan-
ing immunity would have little effect on the epidemic’s
dynamics. Furthermore, people who recover from COVID-
19 will be able to return to work and assist in the treat-
ment of the most vulnerable. However, if immunity is only
temporary, such as a few weeks, people who recover can
become re-infected, necessitating the expansion of social
distancing interventions.

This study applied the geospatial and CHIME model to
measure the short-term efficacy of social distancing inter-
ventions by counting the number of incidents, hospitali-
zations, and deaths avoided within the first 90 days under
four different social distancing intervention scenarios of
varying levels of interaction reduction. The models show
that the intervention will reliably reduce the number of
cases and delay the epidemic.

The study findings are consistent with a growing num-
ber of studies estimating the impact of COVID-19 inter-
ventions. Several studies have looked at how social dis-
tancing interventions in Wuhan may have influenced the
outbreak’s trajectory (Prem et al. 2020; Wu et al. 2020;
Kraemer et al. 2020)

This study indicates that more intervention approaches
to preventing SARS-CoV-2 transmission should be pur-
sued. To reduce the transmissions of COVID-19, social
distancing interventions must be used in conjunction
with testing and contact tracing. New knowledge about
SARS-epidemiologic CoV-2’s characteristics continues
to emerge. Incorporating this data into a study like this is
critical for giving public health officials the best tools for
making decisions in unpredictable times.

Conclusions

This study was conducted to analyze the effectiveness of
social distancing interventions to reduce the spread of
COVID-19 in Ethiopia. Different scale social distancing
interventions (25%, 75%, and 95%) were applied to under-
stand the response of COVID-19. ArcGIS Pro embedded, the
COVID-19 Hospital Impact Model for Epidemics (CHIME)
V1.1.5 tool was used for the analysis. 60 days and 90 days
COVID-19 projections from August 13, 2020, were modeled
and the change in response on new daily admission, new
ICU admissions, new ventilated admissions, daily hospital
census, new hospitalizations country wise and by region are
evaluated.
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The model result shows that social distancing interven-
tions flatten and delays the epidemic curve of the study area.
While social distancing interventions were in place, most
new cases and hospitalizations were declined. The 90 days
and 60 days CHIME model projection shows a declined
trend and further model results approach to zero transmis-
sions with 95% social distancing interventions in Ethiopia.
The model suggests that social distancing can provide cru-
cial time to increase healthcare capacity and the research
output could help policymakers to estimate the immediate
number of resources needed and plan for future interventions
of COVID-19 in Ethiopia. The research output could help
policymakers to estimate the immediate number of resources
needed and plan for future interventions of COVID-19 in
Namibia, especially to assess the potential positive effects
of mobility restriction.
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