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38.1 Introduction

Emerging infectious diseases remain public health challenges with serious socioeconomic
and political consequences [1,2]. COVID-19, a highly contagious viral infection caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first detected in
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the city of Wuhan, China, in December 2019. The disease is mainly transmitted between
people through direct or indirect (through contaminated objects or surfaces), or close
contact with infected people via mouth and nose secretions [3-5]. Although many coun-
tries closed their borders to international travellers at the onset of the pandemic, this was
not before the virus was transmitted outside of China [6,7]. The majority of the initially
reported cases in most countries were linked to China, prompting countries to increase
detection, surveillance and evaluate the risk of importations. Similar to the 2009 pandemic
of avian influenza HIN1 (swine flu), COVID-19 was declared a pandemic by the World
Health Organization (WHO) on March 11th 2020 [8]. As of September 13th 2020, COVID-19
pandemic has spread to all regions of the world, infecting more than 28.6 million people
and causing 917417 deaths (case fatality ratio, CFR=3.2%) across 217 countries [9].

The scope of this chapter focuses on approaches to COVID-19 pandemic, especially in
low- and lower middle-income countries (L-LMICs). We first explore the early transmis-
sion of the disease outside the initial Wuhan epicentre. Secondly, we take a closer look at
various responses to COVID-19 in L-LMICs and give specific examples from India, the
Republic of Mauritius and Nigeria. Thirdly, we introduce different mathematical models
used in most of these countries. Fourthly, we synthesize various economic responses con-
sidered in some L-LMICs. Lastly, we conclude with a discussion of how several countries
and regional areas are joining resources to fight the disease, how researchers are collabo-
rating to provide a scientific explanation to the spread of the disease and assess the effec-
tiveness of the mitigation strategies used in these countries.

38.1.1 Early Transmission of COVID-19 in the Low and
Lower Middle-Income Countries (L-LMICs)

The literature on early estimates of the transnational spread of COVID-19 is extensive and
mostly based on air travel data. Air-travel volumes were keys to evaluate the risk of impor-
tation to other regions. It is unclear why the arrival of COVID-19 to many L-LMICs was
delayed. L-LMICs are not new to disease outbreaks; the majority of the outbreaks in the
last decade occurred in the L-LMICs (Table 38.1). Some studies have linked the slow arrival
of COVID-19 in these countries to low detection, preparedness, resources, capacity, travel
volume, younger population and perhaps an unidentified genetic factor [6,10-15].

Using early-confirmed cases reported in Wuhan, a study suggested that once there are
at least four independently introduced cases, the likelihood that an outbreak will be estab-
lished in the population is almost certain [16]. Thailand, Cambodia, Malaysia, Canada,
the United States and Australia and some pan-European countries were found to have
a high risk of importation from China, while Africa and South America had very low
risk [10]. Similarly, whereas Asia-Pacific is more at risk (high risk to extreme) from the
China epicentre, South America and Africa are more at risk from the Italian epicentre [6].
Preparedness and vulnerability of African countries were linked to the risk of importation
from China; African countries with the highest importation risk have moderate to high
capacity to respond to such outbreaks [12].

Although COVID-19 pandemic has caused disruptions to health services in most
countries, L-LMICs have experienced the greatest difficulties [9]. Prior to the COVID-19
pandemic, L-LMICs have already been dealing with concurrent outbreaks of infectious dis-
eases and were more vulnerable to continuous political instabilities [17-21]. Additionally,
routine immunization in L-LMICs is the lowest globally [22,23]. Together, these factors
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TABLE 38.1
Major Recent or Ongoing Outbreaks (or Unusual Large Cases of Infection), 2010-20202
Disease Pathogens Transmission Year® Country
Avian HIN1e¢ Direct contact with infected animals or 2009/2010 Pandemic
influenza H7N9 contaminated environments 2013-2017 China
Chikungunya  Chikungunya  Bite of an infected female mosquito 2013 St. Martin
virus (Aedes spp.)
2015 Senegal
2016 Argentina
2017 France, Italy
2018 Kenya, Sudan
2019 Congo
Cholera Vibrio cholerae Ingestion of contaminated food/water 2010 Central Africa,
Haiti, Pakistan
2011 Congo and DRC
2012 Sierra Leone and
DRC
2013 Mexico
2014 South Sudan
2015 DRC, Iraq,
Tanzania
2017 Kenya and
Zambia
2018 Zimbabwe,
Nigeria, Algeria,
Cameroon,
Somalia, DRC,
Mozambique,
Tanzania
COVID-19 SARS-CoV-2  Direct, indirect (through contaminated 2019/2020 Pandemic
objects or surfaces), or close contact
with infected people via mouth and
nose secretionsd
Dengue Dengue virus Bite of an infected female mosquito 2012 Portugal
(Aedes spp.) 2015 Egypt
2016 Burkina Faso,
Uruguay
2017 Burkina Faso,
Cote d’Ivoire,
Sri Lanka
2018 Reunion
2019 Sudan, Pakistan,
France, Jamaica
2020 Mayotte, French

Guiana,
Guadeloupe,
Martinique, and
Saint-Martin

(Continued)
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Major Recent or Ongoing Outbreaks (or Unusual Large Cases of Infection), 2010-20202

Disease Pathogens Transmission Year® Country
Ebola Ebola virus Direct contact with infected animals, 2011/2012 Uganda
body fluids of an infected individual 2012 Democratic
(dead or alive) or contaminated Republic of
environments. Sexual transmission Congo (DRC)
from semen of men who have 2014 West Africa, DRC
recovered from the disease ’
2017 DRC
2018 DRC
2019 DRC, Uganda
2020 DRC
Lassa fever Lassavirus  Direct contact with body fluids of an 2012-2020 Nigeria
infected individual, urine or faeces of
Mastomys natalensis rats or
contaminated environment
Measles Measles virus  Direct, indirect (through contaminated 2011 Regions of the
objects or surfaces), or close contact Americas,
with infected people via mouth and Europe and
nose secretions Africa
2015 The Americas,
Europe
2018 Brazil and Japan
2019 Global situation
2020 Palestinian
territory, Central
African
Republic,
Mexico, Burundi
Meningococcal ~ Neisseria Direct or close contact with infected 2010/2011 Chad
meningitidis people via the mouth and respiratory 2012 African
secretions Meningitis Belt
2013 African
Meningitis Belt
2015 Niger, Nigeria
2017 Liberia, Nigeria,
Togo
Middle East MERS-CoV  Direct, indirect (through contaminated 2012 Saudi Arabia
respiratory objects or surfaces), or close contact
syndrome with infected people via mouth and
nose secretions? 2013-2020 Middle East
2015 South Korea
Plague Yersinia pestis ~ Bite of an infected flea, contact with 2010 Peru
contaminated fluid or tissue, 2014/2015/2017  Madagascar
infectious droplets 2020 DRC
West Nile West Nile Bites of an infected mosquito (Culex 2011 Europe
virus Virus spp.), direct contact with body
infection fluids/tissues of infected animals or

In-utero transmission

(Continued)
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TABLE 38.1 (Continued)
Major Recent or Ongoing Outbreaks (or Unusual Large Cases of Infection), 2010-20202
Disease Pathogens Transmission Year® Country
Poliomyelitis ~ Wild Faecal-oral route or ingestion of 2011 Pakistan
poliovirus contaminated water or food
2010 Angola
2011 China
2011 Chad
2010 Tajikistan
2010 DRC
2010 The Republic of
Congo
2010 Central Asia and
the Russian
Federation
2013 Syrian
2013 Niger
Yellow fever Yellow fever  Bite of an infected female mosquito 2011 Senegal
virus (Aedes spp., Haemogogus spp.)
2010 The Democratic
Republic of the
Congo
2011 Sierra Leone
2010/2011 Cote d’Ivoire
2010/2011/2012  Uganda
2010 Guinea
2010/2012 Cameroon
2012 Ghana
2010 Senegal
2012 Sudan
2012 The Republic of
Congo
Zika Zika virus Bite of an infected female mosquito 2015 Americas

(Aedes spp.), in-utero transmission, or
contact with genital fluids of an

infected individual

2 Source: WHO disease outbreaks (https:/ /www.who.int/csr/don/archive/year/en/) Assessed 16 September

2020.

b Confirmed date and not necessarily start/end of the outbreak.

¢ QOccasional outbreaks around the world.

4 Ongoing.

have further weakened the already fragile healthcare system, making it very difficult for
these countries to provide adequate and timely measures to mitigate the current pan-
demic. Moreover, unlike most L-LMICs, Africa has been spared the scale of devastation
experienced in some L-LMICs, particularly in Asia and South America, perhaps because
Africans are not new to confronting epidemics [24] (Figure 38.1). Thus far, India is the
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second most severely affected by COVID-19 globally and the worst affected in L-LMICs
(accounting for more than 68% of the total COVID-19 cases in L-LMICs). The trajectory of
COVID-19 pandemic in L-LMICs has been described as a “slow burn” [25].

(a)Distribution of COVID-19 cases globally

As at September 13, 2020
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FIGURE 38.1

(a) World map showing the geographical distribution of COVID-19 cases globally, (b) response system of low-
income countries could be [26]. Time-series plot of COVID-19 cases from days since the first cases, (c) time series
plot of COVID-19 deaths from days since the first cases by World Bank income group.
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38.1.2 Responses To and Challenges of COVID-19 in L-LMICs

The COVID-19 pandemic has demonstrated how people from different parts of the world
are connected. The global nature of the impact of the pandemic has attracted a global
response from public health professionals and experts across disciplines to ensure the
disease was brought under control. However, a tremendous increase in cases was still
recorded, with most countries experiencing an exponential rise in cases and deaths within
a short period. In the absence of an effective vaccine, compliance with WHO recom-
mended public health guidelines for prevention, case identification, quarantine, and treat-
ment remains the effective way of containing the virus.

Before the advent of COVID-19, most L-LMICs have already been facing public health
challenges, of which the most devastating ones include Ebola, cholera, malaria, measles,
haemorrhagic fever, and meningitis (Table 38.1). The outbreak of Ebola virus diseases and
the case fatality rate recorded in some West African countries demonstrate how weak the
infectious disease surveillance and response system of low-income countries could be [26].

Collaborative efforts and commitments of national and international governments and
agencies were consequently deployed to prevent the global calamity that could have been
caused by the virus [27]. However, the continued remnant of the virus in places such as
the Democratic Republic of Congo demonstrates that the considerable experience of local
health services to identify and deal with emerging pathogens can be hampered by geo-
graphical and sociopolitical instability [28].

Prior to the spread of COVID-19 to L-LMICs, the health systems of most of the countries
were operating at maximum capacities with the huge workload on their hospital, clinics
and health workers [29]. In Table 38.2, we present some healthcare capacity indicators for

TABLE 38.2
Comparison of Some Health Capacities of Selected L-L-LMICs

Density of Medical Density of Nursing and Density of Hospital
Country Physicians®? Midwifery Personnel®® Pharmacists® Beds® ¢
Afghanistan 2.8 32 0.5 3.9(2017)
Bangladesh 53 3.1 1.6 7.9 (2016)
Benin 1.6 6.1 <0.1 5.0 (2010)
Brazild 21.5 97.1 6.8 20.9 (2017)
Cameroon 0.9 9.3 0.1 13.0 (2010)
Egypt 7.9 14.0 43 14.3 (2017)
Ethiopia 1.0 8.4 0.1 3.3 (2016)
Ghana 1.8 12.0 3.6 9.0 (2011)
Haiti 2.3 6.8 0.3 7.1 (2013)
India 7.8 21.1 6.8 5.3 (2017)
Kenya 2.0 15.4 0.5 14.0 (2010)
Liberia 0.4 1.0 0.1 8.0 (2010)
Mauritius 20.2 33.8 39 34.0 (2011)
Nigeria 3.8 14.5 0.9 5.0 (2004)
Philippines 12.8 33.3 6.2 9.9 (2014)
South Africa 9.1 35.2 1.5 23.0 (2010)
Zimbabwe 0.8 1.2 0.3 17.0 (2011)

2 Source: WHO World Health Statistics 2019, Annex 2, Part 4.

10,000 Population, 2009-2018.

¢ Source: WHO Global Health Observatory data repository: Hospital bed density.

4 The recent World Bank income group definition classified Brazil as a middle high-income country.
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selected L-LMIC countries. The 2005 International Health Regulation (IHR) indicated a list
of actions to be carried out by international organizations and individual countries and
regions in order to be prepared for any unfolding public health threat [30]. Several coun-
tries were considered to have limited IHR capacities, and a universal improvement was
required across the majority of the sub-Saharan African countries [31]. The identified areas
of improvement by the report, coupled with the lessons learned from previous outbreaks
such as Ebola virus disease and massive investments in surveillance and preparedness,
could have positioned most of the countries in a better states to deal with the outbreak of
COVID-19.

In responding to the threat posed by the COVID-19 pandemic, most countries of the
world adopted the measures implemented in Wuhan, China, where the pathogen was
first reported. This includes strict lockdown, social distancing and control of mobility,
economic and social activities, all of which were in line with the recommendations of
the WHO. However, considering the wide differences in preparedness to public health
issues, specific responses by countries are bound to differ. In what follows, we review the
responses to COVID-19 pandemic in selected L-L-LMIC countries, namely India, Nigeria
and The Republic of Mauritius. India was selected because of its large population, high
burden of COVID-19 and proximity to China. Similarly, we considered Nigeria because
of its population size in Africa and large traffic between China and sub-Saharan Africa,
while the Republic of Mauritius was considered to showcase how a small and Island coun-
try responds to the pandemic.

38.1.2.1 India

Countries in the Southeast Asia region have been prone to climate change and emerging
infectious diseases, partly because the region is characterized and shaped by differing
environmental, ecological and economic factors [32,33]. In the recent past, the region was
considered a hotspot for emerging infectious diseases, including those with the potential to
transform into a pandemic [33,34]. They are also more susceptible to COVID-19 because of
their proximity to China, where the pandemic was first reported. Consequently, to enhance
their surveillance, response and other contingency plans against public health challenges,
member countries of the Southeast Asia region conduct regular simulation exercises and
annual self-assessment with external partners. In September 2019, the countries adopted
the “Delhi Declaration” to strengthen their preparedness to respond to emerging public
health challenges [35]. The key components of the declaration evolve around collaboration
between and among individuals and sectors when responding to public health issues. The
four key components include (1) identify risk by mapping and assessing vulnerability for
evidence-based planning; (2) invest in people and systems for risk management; (3) imple-
ment plans; and (4) interlink sectors and networks to engage and involve all, beyond the
sector, who can and have a role in responding to public health emergencies.

The first case of COVID-19 in India was reported on January 30th 2020, the same day that
WHO declared the virus a public health emergency of international concern. Earlier, India
implemented surveillance measures on January 17th 2020, even before the first case was
reported, followed by a series of travel advisories and restrictions [36]. However, it was
not until March 25 that the first major control measure that ensured a complete lockdown
was put in place. By this time, there were 320 cases and 10 deaths from COVID-19, mostly
confined to a few regions [37]. The lockdown was imposed by the Central Government,
invoking the Disaster Management Act 2005, which empowers the government to adopt
rapid policy decisions and impose restrictions on people to manage any disaster. India
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also put in place a “five P” response measure for the pandemic. These include (1) proof of
concept with a social environment: this ensures complete lockdown with proper experi-
mentation and communication; (2) a proactive approach to ban international flights and
screening all international passengers arriving in the country; (3) people management:
a “#9PMfor9Minutes” challenge was declared on April 5th 2020 by the Indian Prime
Minister to turn off lights and lighting of diyas “oil lamps” and candles for 9 minutes
beginning 9 p.m. to demonstrate resolve and resilience for every Indian in the collective
fight against COVID-19, and to indicate the country’s gratefulness to the frontline workers
battling the virus; a cause that was widely supported; (4) partnerships: regular interaction
between stakeholders, state governments and the G20 groups that ensured exchanges of
ideas and knowledge that further empowered local authorities to confront the pandemic;
() preparation and collaboration: the country devised and implemented several strategies
to contain further spread and death. The health facilities were equipped with personal pro-
tective equipment (PPE), ventilators and establishment of isolation wards and COVID-19
care centres. Further, the country, through the National Informatics Centre, came up with
an open-source COVID-19 app, “Aarogya Setu” deplored for contact tracing, syndromic
mapping and self-assessment. The app tracks the movements of infected persons, alerting
a nearby person of their presence, and provides updated travel advisory and containment
measures [32,38]

While Indian’s proactive efforts at containing COVID-19 might not be adjudged as com-
pletely successful going by the astronomic rise in numbers of cases and death around July
2020, the efforts helped to get time for preparation to handle possible widespread situa-
tions and were applauded by the WHO [38,39].

38.1.2.2 The Republic of Mauritius

The outcome of the responses to COVID-19 in Mauritius demonstrates that a well-
implemented and early “hard lockdown” backed by a strong political will could be effec-
tive in managing a highly contagious infectious disease outbreak [40]. Mauritius is an
African island nation in the Indian Ocean, with about 1.3 million people, and is considered
among the most densely populated countries in the world [41]. Long before any case was
reported in the island country or even in Africa, the government of Mauritius began the
screening of people on arrival at its international airport on January 22nd 2020, intro-
ducing fever measurements and separation of people considered to have travelled from
countries considered to be at-risk, especially China [42]. The government moved further
on February 28th 2020, to quarantine visitors from countries with a high number of cases,
even though there was yet any reported case locally. At the same time, the authorities
increased accommodation capacity to quarantine suspected COVID-19 cases [43].

The first three cases were detected on March 18th 2020, and the following day, the
Mauritius instituted some stringent measures that ensured the closure of all schools
and all its borders to travellers, including its citizens [43]. Beginning March 20th 2020, a
national lockdown was enforced by the authorities and this was transformed into a curfew
that lasted until May 30th 2020. Following WHO recommendations, all confirmed cases
were moved to isolation facilities and were closely monitored. The health authorities pri-
oritized contact tracing of people who had been in physical contact with infected patients
to identify and test [42]. The country set up a National Communication Committee (NCC)
led by the Prime Minister with stakeholders mainly from the Ministry of Health, Ministry
of Commerce and the Police Force, who worked collaboratively, addressing the nation reg-
ularly, providing COVID-19 statistics and informed the population about the measures
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put in place and the need for everyone to play their role in the fight against COVID-19.
The Ministry of Information and Communication also developed a mobile app called
“beSafeMoris” that provided updates and useful tips on the virus and was available for
download and used free of charge. The daily data communication by the NCC was used
to quantify the effectiveness of measures put in place to contain COVID-19 outbreak in the
country. By May 11th 2020 (Day 55 from the date the first cases were reported), there was
no active case of COVID-19 in Mauritius [43]. Thus, the Mauritian government was able to
achieve the objectives of containing a surge in positive cases of COVID-19 in the country
to save the lives of the citizens and prevent the available healthcare facilities from being
overwhelmed. The country’s prompt interventions and the evident success recorded were
highly applauded by WHO and other international organizations [44].

38.1.2.3 Nigeria

Nigeria was one of the West African countries affected by the outbreak of Ebola virus
disease in 2014, but the country was notable for its swift action, which demonstrated the
importance of adequate preparation and coordinated response in containing infectious
disease outbreaks [45]. The successes drawn from the containment of polio and Ebola
strengthened the country’s healthcare capacity in deploying high-quality surveillance and
temperature screening machines at the major ports of entry using equipment acquired
during the Ebola outbreak [45]. The human resources, technical expertise, disease surveil-
lance, community networks and logistical capacity used in curtailing polio in the country
were equally available for deployment to curtail COVID-19 [46].

Nigeria was prompt in recognizing the risks posed by COVID-19 a few days after the first
case was reported in Wuhan, China. The country is seen as a major destination of move-
ments between China and sub-Saharan Africa, as the number of such movements rapidly
increased over the past decade [6]. Consequently, a multi-sectoral National Coronavirus
Preparedness Group was set up by the Nigeria Centre for Disease Control (NCDC) on
January 7th 2020, a week after China’s case was reported [47]. The Group met daily to
assess the risk COVID-19 posed to the country and review its response to it. The diagnos-
tic capacity for COVID-19 was promptly established in three laboratories. The country’s
Ministry of Health equally activated Emergency Operation Centres (EOCs) to coordinate
the outbreak response activities. The EOCs were organized under six functional units,
following the patterns that were adopted for the Polio EOC, namely: Management and
coordination, epidemiology, and surveillance, case management, laboratory services, risk
communication and point of entry. The EOCs’ priorities were to develop the capacities of
clinicians, port health officials, point of entry crews and other relevant groups on infec-
tion prevention and control, decontamination and contact tracing [46]. Further, the Polio
programme has an SMS-based application called “AVADAR” short for “auto-visual AFP
detection and reporting” which was used by a network of health workers and community
volunteers in hard to reach areas to support disease surveillance through filling in a sim-
ple form after receiving a notification [46,47]. This device was deployed by adding relevant
disease surveillance questions on COVID-19 to the mobile app.

The index case of COVID-19 was reported in Nigeria on February 27th 2020, and within
2days, a laboratory diagnostic test for SARS-CoV-2 was set up [48]. Rapid response teams
were deployed within the states to lead contact tracing and response activities, while the
index case was evacuated to a health facility for treatment and close monitoring [48]. At
the onset of the response efforts, the testing capacity of the country was low and limited
to symptomatic cases but the number of testing laboratories was increased from 5 to 13
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across the six geopolitical zones of the country, leading to more decentralized testing [49].
The testing capacity was also enhanced by donations of testing kits by an individual and
a private Biotech company, 54Gene [50,51]. All these efforts notwithstanding, the number
of reported cases in the country surged within a few days.

Nigeria initially placed a travel ban on 13 countries considered to be a high risk of
COVID-19 and subsequently suspended all international flights in and out of the county on
March 23rd 2020. Through a presidential proclamation, two states, Lagos and Ogun, and
the Federal Capital Territory, Abuja, considered hotspots during the early outbreak, were
placed on total lockdown, and governors of other states implemented similar measures
to curb the spread [52]. Restrictions were placed on inter-and intrastate movements, and
social and religious gatherings of all forms were banned. All schools and universities were
also hurriedly closed. A multi-sectoral and intergovernmental Presidential Task Force on
COVID-19 was also put in place. The Task Force ensures the enforcement of all presiden-
tial directives related to COVID-19 and equally issues guidelines and regulations weekly.
Contact tracing and other public health measures were intensified while the NCDC fur-
ther deployed an open-source mobile web application for disease outbreak detection, noti-
fication, management and response called Surveillance Outbreak Response Management
and Analysis System [53]. Daily data collection from all the states, analysis and report-
ing were equally prioritized by the NCDC to inform the citizens of events around their
neighbourhood and to adjudge the progress being made. However, the impact of the lock-
down on the economy and, in particular, on the majority of the citizens, especially the
most vulnerable became harder by the day as the majority of Nigerians are artisans who
depend on daily wages and the daily survival sustenance provided by the government,
was grossly inadequate. The lockdowns were consequently relaxed in phases, and citizens
were instructed to use face masks and maintain social distance in public places. Despite
increasing the number of testing laboratories within the country, low levels of testing to
identify infected cases remained an issue in most Nigerian states. Thus, the reported cases,
considered fewer when compared with what was reported for some developing countries,
may not be true reflections of the number of cases.

38.1.3 Different Mathematical Models Used in L-LMICs

Implementation of public health interventions to mitigate the impact of COVID-19 in devel-
oping and developed countries has largely relied on disease spread and its mathematical
projections. Mathematical models are essential tools for assessing the underlying mecha-
nisms that govern the spread of infectious diseases, in particular COVID-19 [54]. They
were extensively used during Ebola outbreaks from 2013 to 2016 and were instrumental
to the development of control policies that helped in curtailing the outbreaks [55]. The
Ebola outbreak was mainly in West-African countries, which are all low-income countries.
Despite the challenges that face the applicability of mathematical modelling in this region,
adjusting for such challenges in modelling exercises still allows mathematical modelling
to be readily adapted for changing policies. In the case of COVID-19, there have been lim-
ited mathematical models developed to understand the underlying dynamics of the pan-
demic in L-LMICs [56]. However, those models developed still cover the main modelling
types that can be used to determine the epidemic spread and estimate key parameters that
aid intervention implementation.

There are two popular modelling approaches that have been adopted for modelling
COVID-19. They are deterministic and statistical modelling methods. Deterministic mod-
els are mostly compartmental models, while statistical models require the formulation
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of probability distribution to capture the disease dynamics. The models used in L-LMIC
range from simple linear regression to metapopulation models. Also, a single applica-
tion may require combining more than one modelling approach. We discussed the two
approaches below and how they have been applied to COVID-19 in L-LMICs and the
model complexities and validity.

38.1.3.1 Compartmental Models

Compartmental models are the most widely used approaches for COVID-19 epidemic
modelling [57-59]. In this approach, the population is divided into infection status classes
and the disease spread through the population via infection, contact and recovery pro-
cesses. One commonly used compartmental model is the Kermack and McKendrick SIR
(S — susceptible, I — Infectious, and R — recovery) model [60]. This model applies to infec-
tious diseases where individuals become immune after treatment or natural recovery,
for example, each strain of flu, measles and COVID-19. Early in the COVID-19 outbreak
in February 2020, the decisions of most governments were based on the risk of importa-
tion and changing in epicentres [6,12]. Adegboye et al. [6] used a compartmental model
to determine where the next epicentre will be and the risk of importation of COVID-19
to Africa. The compartmental model used was a SE1E2I1I2R (S — susceptible, E1 — early
exposed, non-infectious, E2-late exposed stage and infectious, I1-early infectious stage,
I2-late infectious stage, R — recovered individuals) model. The model used 2014 air travel
data between countries to determine the rate of movement of people from one country to
another. The dynamical equations for movement between two countries developed were:
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The parameters in the model are described in Table 38.3. With this modelling effort, the
risks of importation of COVID-19 from China and Italy — the then-new epicentre — were
determined. The analysis showed that the risk of travellers infected with COVID-19 coming
to the L-LMICs was higher from Italy than from China. These prompted many L-LMICs to
consider closing their borders and cancelled international flights [52,61].
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TABLE 38.3
Description of the Parameters Used in the Model

Parameter Description

B P Py Transmission rates for E,, I, I, classes
oy First stage incubation rate

0, Second stage incubation rate

7 First stage of recovery

7> Second stage of recovery

o COVID-19 case fatality

The compartmental modelling approach was also used in evaluating non-pharmaceutical
intervention controls for COVID-19. COVID-19 is unique in its transmission dynamics, and
there were no vaccines for preventing infection and disease. Thus, non-pharmaceutical
control measures such as social distancing, contact tracing and lockdowns were intro-
duced [62]. For example, Iboi et al. [63] used this model to investigate the effects of various
social distancing measures on reducing COVID-19 cases in Nigeria, where the authors
found a moderate level of social distancing and face mask could help control COVID-19 in
Nigeria.

38.1.3.2 Statistical Modelling

Another common COVID modelling approach is the statistical models. Early dynam-
ics of COVID-19 in many L-LMICs were evaluated to check the effectiveness of the non-
pharmaceutical control measures implemented. One of the parameters for examining this
is the effective reproduction number (R;). An R,<1 implies that the control measures are
effective and ineffective if R,>1 [64]. This parameter has been estimated for many devel-
oped and L-LMICs [62,64—69]. There are many approaches to estimating R,. Some research-
ers used compartmental models [68], while others used a probabilistic modelling approach
[64]. For example, Adekunle et al. [65] used a Bayesian approach to estimate the R, for
Nigeria between February 27th and May 7th 2020. The model assumed a Poisson distri-
bution for the number of locally observed cases adjusting for imported COVID-19 cases.
The estimate showed that as of May 7th, 2020, Nigeria needs to re-evaluate their control
measures as R, was above one. The Bangladesh estimate also shows a similar pattern [70].
For this approach, we let L(t) be locally acquired infections and A(t) be the rate of infection.
Thus,

A(t)=[Rt2(p(s)C(t—s)] (10.2)

C(t) is the total daily cases, which includes the imported cases, and ¢(s) is the serial inter-
val distribution. Using equation (10.2), the conditional likelihood via Poisson distribution
can be formulated for estimating R,.

38.1.3.3 Model Complexity and Parameter Sensitivity

Apart from the modelling choice, level of complexities can be added to get robust esti-
mates of disease parameters. The WHO multi-model comparison guide identified the
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required criteria in adopting a particular model choice to solve real-life problems [71].
However, most of these models are mechanistic with age distribution in transmission
but not accounting for sub-populations and comorbidities [72]. The models vary in how
COVID-19 transmission, contact patterns and interventions are incorporated. These mod-
els are either deterministic or stochastic [72]. For example, Prem et al. [73] used synthetic
contact data in a deterministic compartmental model to characterize COVID-19 epidemics
in 177 countries, including many L-LMICs. They evaluated three intervention scenarios:
20% physical distancing, 50% physical distancing and shielding, and compared with the
unmitigated epidemic [73].

Similarly, the modelling work of Walker et al focused L-LMICs [74]. The model is also a
dynamic compartmental model that incorporates age classes and contacts, health system
challenges and comorbidities. In most L-LMICs, prior to COVID-19 pandemic, there were
other diseases such as malaria, tuberculosis, yellow fever that were weakening the health
systems. These existing challenges play a critical role in whether mitigation measures will
be effective or not. Walker et al. [74] have to a greater extent, incorporated such factors in
their modelling work.

Parameter sensitivity is another aspect that could influence modelling results. Estimated
model parameters will vary from setting to setting. For instance, age-dependent contact
rates, health capacities and infection fatality rates will differ from country to country or
geographically within a country. There are many mathematical methods for conduct-
ing parameter sensitivity analysis [75]. This aspect has not been extensively explored for
COVID-19 by many modelling groups as the disease is evolving, and detailed information
about the dynamics of the virus is still unknown. Conducting country-dependent robust-
ness analysis of the uncertainty surrounding COVID-19 key parameters will be important
for future usage of the developed mathematical models for policy change.

38.1.3.4 Disease Mapping

According to Tobler’s [76] first law of geography, “everything is related to everything else,
but near things are more related than distant things”. Geographical locations are impor-
tant components in decision-making when it comes to prioritizing support systems for
emergency health services or situating emergency health facilities, particularly in the face
of meagre resources available to most developing countries. Consequently, detecting spa-
tial clusters in disease is an essential component that allows for evidence-based response
in containing infectious diseases [77,78]. The goal of disease mapping (also referred to as
spatial epidemiology) is to produce spatially smoothed maps that display the variation in
disease risk [79]. Apart from helping to determine locations of potential disease clusters,
the approach helps to ascertain if the clusters at the different locations are due to the mag-
nitude of the outbreak or resulting from random fluctuations in case count. Approaches
to disease mapping can range from a simple mapping of observed disease rate (number
of observed cases per unit population) from the different geographical entity to the use of
a variety of Bayesian spatial models or other spatial smoothing techniques that estimate
risks at different geographical settings.

A number of disease mapping techniques have been deployed to understand the spread
of COVID-19 in L-LMICs, ranging from a simple method that maps the incidence and
fatality rates to more complex approaches that smooth the spatial variations. In an exten-
sive review of disease mapping approaches to COVID-19, Franch-Pardo and colleagues
[80] categorized the approaches into the following groups: spatiotemporal analysis, health
and social geography, environmental variables, data mining and web-based mapping. For
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instance, Arab-Mazar et al. [81] map the incidence and fatality rates for the first 20 days of
COVID-19 in Iran using the provinces of the country as the spatial units. On their part,
Gayawan et al. [82] used a two-parameter hurdle Poisson model to investigate the spatio-
temporal pattern during the first 62days of COVID-19 in Africa. The Bayesian approach
adopts a Markov random field prior for the spatial components that ensure spatial conti-
nuity among the spatial units and split the spatial variations into structured and unstruc-
tured random effects.

With respect to collaboration in infectious disease modelling, models used for COVID-19
are very diverse. The two models mentioned in this chapter are typical examples of such
modelling efforts. Each of these modelling approaches present has its advantages and
disadvantages. For instance, compartmental models will give an average representation
of disease dynamics in a population, but stochastic models will show the posterior dis-
tribution of the parameters. Seeking the average representation of disease dynamics is
not as computationally intensive as seeking the posterior distribution. As there are many
epidemiological mathematical models employed by many countries to inform policy and
control of COVID-19, there are tendencies for such a wide range of modelling efforts to
lead to conflicting results and generate alternative opinions. Hence, depending on the
researchers’ interest and computational power, any of these modelling choices will serve
well in helping to understand the dynamics of infectious diseases, as seen in the case of
COVID-19.

This implication has led to lead the WHO, the World Bank, the Bill and Melinda Gates
Foundation and, the international Decision Support Initiative to form the COVID-19
multi-model comparison collaboration (CMCC) [83]. This initiative was hosted by the
Centre for Global Development, the Royal Thai Government and other partners, includ-
ing the Department for International Development and the following modelling teams:
the University of Basel, Institute of Metrics and Evaluation, Imperial College London,
Institute for Disease Modelling, London School of Hygiene and Tropical Medicine and
the University of Oxford Modelling Consortium came together to form the COVID-19
Multi-model CMCC [83]. They aimed to identify key policy decisions that can benefit from
epidemic modelling, resource requirement under different modelling scenarios, data
requirement and key assumptions-driven potential differences in predictions, and select-
ing meaningful models.

38.1.4 Economic Responses to COVID-19 in L-LMICs

Statistical modelling and mathematical projections of the COVID-19 spread have been
useful in designing and implementing public health responses by the governments aim-
ing at limiting the spread of the virus and saving lives. As earlier mentioned, common
measures deployed at the onset of the pandemic included travel restrictions, bans on
mass gatherings, social distancing requirements, school closings and a temporary shut-
down of businesses [1,84-86]. Consequently, these containment measures have led to
significant economic costs arising from the reduction in economic activities, increase in
unemployment, supply chain disruptions and a high level of uncertainty [87,88].

While the COVID-19 pandemic has created economic challenges worldwide, L-L-
LMICs might be particularly vulnerable due to their limited health systems capacity,
lack of resources and low economic resilience. In this section, we examine economic
challenges and policy responses in developing countries, discuss emerging empiri-
cal evidence and stress the importance of cooperation and support from international
organizations.
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38.1.4.1 Challenges to Economic Policies and Public Finances in L-LMIC

COVID-19 pandemic has negatively affected the demand and supply for goods and ser-
vices. Companies and workers, especially in the industries in which social distancing
requirements are difficult to maintain, such as travel and entertainment, have reduced
production and work activities. The health crisis has also raised economic uncertainties
for economic agents and reduced household income, thus lowering consumer spending
and capital investments [89].

To prevent a spiralling economic crisis into a deep economic recession, most govern-
ments quickly adopted fiscal and monetary measures. In many developed countries, cen-
tral banks quickly provided ample liquidity to financial organizations, and some reduced
their interest rates easing borrowing constraints [90]. Targeted discretionary fiscal mea-
sures were also essential. In March- April 2020, G20 governments committed to provide
fiscal support and financial assistance of over US$7.3 trillion to people and firms most
affected by the COVID-19 crisis [91]. Expansion of healthcare provisions, unemployment
benefits and social assistance payments were among the most common measures to sup-
port citizens. Governments of most L-L-LMICs also supported businesses from affected
sectors, such as hospitality and transportation, by providing temporal wage subsidies and
tax deferrals, as well as supporting businesses through loan relief programmes and credit
holidays [92]. The summary of main economic responses by country is described by the
International Monetary Fund (IMF) Policy Tracker [93].

These aggressive fiscal and monetary measures were targeted to avoid the economy
spiralling by keeping workers in employment and preventing the destruction of valuable
economic linkages between businesses. However, the ability to deploy fiscal stimulus mea-
sures and deliver broad economic support programmes in L-L-LMICs has been primarily
limited by their insufficient fiscal space and capacity [94]. Thus, the economic government
assistance in response to the pandemic in developing countries have translated to around
4% of GDP on average, and countries with better fiscal position have averaged 2% of GDP
higher in stimulus spending [92].

To finance these new expenditures, governments need to borrow money. However,
L-LMICs might experience severe borrowing constraints. Developing countries borrow
at higher interest rates due to lower credit ratings and have more significant exposure
to exchange rate and maturity risks. Borrowing costs are also increasing in developing
economies as public and private debt reached record numbers and now corresponds to
170% of GDP [92]. Less developed financial markets also limit domestic sovereign borrow-
ing. Funding from foreign investors may also be less available for developing countries,
as investors tend to move the capital to safer investments during times of high uncer-
tainty and recession. This further raises the cost of borrowing for developing countries.
Constraint on public finances makes it critical to use a targeted approach in providing
financial support. However, with many developing countries having large informal sec-
tors, less efficient tax administration and lacking social protection systems, the implemen-
tation of policy measures aiming to support the most affected firms and people is much
more complex to implement than in developed economies.

38.1.4.2 Labour Market and Household Income

Labour markets in developed countries have been quickly responsive to public health
measures. For example, in the United States, the weakness of the labour market was evi-
dent by the large spikes in unemployment insurance claims across states and a steep drop
in job postings [95]. Fiscal stimulus measures for both firms and workers have provided
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financial support to survive the pandemic and prevent the country from falling into a deep
recession. Wage subsidies offered by many governments were targeted to keep workers
employed even during the lockdowns when firms were not able to operate. This measure
prevents the destruction of many valuable employer-employee connections and enables
firms to bounce back quickly during the recovery stage.

However, the situation in the developing countries is more challenging due to their lim-
ited fiscal space, the structure of their economies and labour market arrangements. In
many L-LMICs, the informal sector accounts for a large part of the economy. The lock-
down measures, travel restrictions and reduction in aggregate demand have created a
negative shock on jobs and income, with more than 1.6 billion informal sector workers
being affected [96]. To mitigate the burden of income loss, most governments in develop-
ing countries implemented or widened their unemployment and social security initia-
tives. The timing of these payments is of high importance as many low-income households
might not have sufficient savings and have limited access to borrowing. Borrowing from
social networks (e.g. relatives, friends, colleagues) is also likely to be difficult when the
pandemic has created widespread economic disruptions and uncertainties. However, the
effectiveness of government assistance programmes would be reduced if the rapid roll-out
of payments were not implemented to the eligible recipients. To improve the delivery of
social benefits, developing countries have started to simplify administrative procedures
and increase technological capacity to collect information online and process payments
electronically [96].

Job losses were particularly severe in many developing countries whose economies are
less diversified and who have been relying on export-oriented industries, such as hospi-
tality, tourism and light manufacturing. The majority of these jobs attract low wages, and
workers in these occupations and industries are highly vulnerable to losing their jobs or
being suspended without pay as they are least able to transition to “work from home”
arrangements. For example, in Bangladesh, the domestic labour market suffered from
severe contraction caused by public health restrictions and a sharp decline in exports, par-
ticularly from the garment industry. About 46% of Bangladesh producers reported a large
number of their orders had been cancelled during the pandemic, and as a result, more than
1 million garment workers lost their jobs or were temporarily suspended without pay [97].

The situation is also exacerbated as these low wage and informal workers could not
rely on unemployment benefits as unemployment protection mechanisms are either non-
existent or very limited in the majority of L-LMICs (see Figure 38.2). In the early stages of
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the pandemic, it was estimated that the informal workers experienced a drop of 60% in
their income [98].

In addition to the heterogeneity in unemployment levels in industries, the impacts of
the pandemic on income levels have also been different in rural and urban areas. This is
largely attributed to higher human mobility, interconnectedness and population density
in urban areas; hence more restrictive containment measures were put in place to mitigate
the spread of COVID-19. As a result, for example, in Bangladesh, more than 72% of urban
households reported that they lost their main source of income compared to 54% of rural
households [99].

38.1.4.3 Migration Flows and Remittances

The economic crisis induced by the COVID-19 pandemic had a significant impact on
migration and remittance flows. Lockdowns, travel restrictions and social distancing
requirements significantly reduced economic activities in many developed and upper-
middle-income countries, which are target destinations for low-waged labour migrants.
In addition to the reduction of job opportunities, migrants also face elevated health risks
of getting COVID-19 as they often live in suboptimal and overcrowded conditions with no
or limited health care in their host countries [100]. Despite a strong public health rationale
to extend COVID-19 testing and treatment initiatives to all residents, including migrants,
many governments have preferred to prioritize their citizens” given constraints on health
systems [101]. This situation was exemplified in the Gulf States with many low-waged
migrants restricted to move out of their living compounds and thousands had already
been dismissed or furloughed [49]. These migrant workers faced severe financial chal-
lenges, as they often do not have regular employment contracts nor can rely on unemploy-
ment insurance or social assistance payments.

This is especially challenging for L-LMICs as migrant remittances often account for a
large part of their economy and provide an economic lifeline for poor and vulnerable
households [102]. Many countries in which remittances account for a large part of for-
eign exchange revenues might also experience negative macroeconomic implications with
respect to inflation, trade and investments. For example, Lesotho and Liberia have very
high exposure to foreign exchange, with 86% and 82% of their foreign exchange revenues
from international remittances [103]. Furthermore, remittances are important as they can
result in poverty reduction in the countries of origin [104,105] and act as an insurance
mechanism and a source of investments [106].

Due to the global nature of the COVID-19, with both migrant target destinations and
countries of origin being affected, remittances have followed procyclical (rather than
countercyclical) behaviour together with the economic downturn in the countries of ori-
gin. It is expected that remittances to L-LMICs will drop by $109 billion (around 20%
from the 2019 level) in 2020 [102]. This significant reduction in income is reflected in the
fall in migrant wages and the drop in the number of jobs available due to the subdued
demand for goods and services. While the decline in remittances is expected to be severe
in all regions, Europe and Central Asia region and sub-Saharan Africa will be worst
affected, with the remittances to drop by 27.5% and 23.1%, respectively [102]. Compared
to other regions, migrants from sub-Saharan Africa also experience the highest transfer
cost (8.9% of the remitting amount) to send money home [102]. Implementation and pro-
motion of digital and electronic payment systems to drive down the transfer costs have
the potential to save significant amounts and increase the disposable income of vulner-
able families.
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38.1.5 International Collaboration on COVID-19

Many have advocated for extensive collaborative responses to the ongoing pandemic in
an attempt to contain its impact and limit further transmission [1,24,56]. The cooperation
between international development organizations and national governments has played
an important role in addressing health and economic threats by sharing knowledge, devel-
oping medical treatments, providing technical expertise and supporting vulnerable coun-
tries financially.

Given the limited financial resources of L-LMICs, the provision of official development
assistance and emergency financing from international development organizations has
played an important countercyclical role aiming to mitigate the health and economic
impact of the pandemic. The IMF has made $250 billion available to member countries
through multiple lending facilities and debt relief programmes allowing L-LMICs to
access concessional borrowing [107]. Similarly, the World Bank Group has planned to
provide up to $160 billion in new fast-tracked funding targeting health, economic and
social shocks, including $50 billion in grants and low-cost loan facilities for the world’s
poorest countries [108]. The G20 countries also committed to temporarily suspend debt
servicing for the poorest countries [109]. Many other international organizations, includ-
ing regional development banks, have initiated similar funding and technical assistance
programmes to L-L-LMICs. Furthermore, the international development community
has advocated for appropriate trade responses in developed and developing countries,
which will facilitate the cross-border flow of sensitive goods, such as medical and food
supplies [110].

In addition to economic development cooperation, the inter-agency and international
collaborations among the scientific community and policy experts have also been exten-
sive during the pandemic. Holistic cooperation within the scientific/academic world and
inter-agency collaboration bridged the gap between desks/laboratories and industries
(pharmaceuticals), desks/laboratories and politicians, industries (pharmaceuticals) and
politicians cannot be overemphasized during this period.

38.2 Conclusion

In this chapter, we have reviewed the literature on approaches to COVID-19 pandemic
in L-LMICs. Within the limit of their available resources, L-LMICs took steps to mitigate
the challenges posed by the COVID-19 pandemic. It is evident that although the strict
restrictions, containment and mitigation efforts put in place to reduce COVID-19 transmis-
sion and save lives may have associated economic consequences, especially in L-LMICs
[1,111,112]. Prior disease outbreaks in these countries enabled them to prepare infectious
disease surveillance protocols that were readily available for deployment during the
COVID-19 pandemic. There are similarities and differences in the manner in which the
countries responded, leading to the effectiveness or otherwise of similar measures in dif-
ferent countries. For instance, while the lockdown imposed in Mauritius was properly
managed and, in combination with other measures, assisted in containing the pandemic
in less than 2 months from the time the first cases were declared in the country, such simi-
lar measure was not as effective in the other countries leading to a surge in the number of
confirmed cases.
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The adverse effect of lockdown, such as the accompanying economic and psychosocial
issues that challenge the daily livelihood and survival of the majority of the populace,
could be a major factor in considering how effective lockdown could be in mitigating
infectious disease. International and regional collaboration is essential to mitigate the
consequences of the pandemic on a global scale and bounce back quicker on the road to
recovery. This is clear from both economic and public health perspectives, as control of
COVID-19 is a global public good. In addition to financial and technical support provided
to L-LMICs by international development agencies and developed countries, cross-border
collaborations and trade cooperation have been crucial in facilitating the flow of essential
medical supplies and avoiding food shortages in many L-LMICs. Also worthy of note is
that most L-LMICs, as evident from the three countries whose approaches were reviewed
in this chapter, adopted multi-sectoral collaborative measures that ensure exchanges of
ideas in confronting the virus. Appropriate measures might focus on trade-offs between
public health and the economy [25].

References

1. Pak, A, et al., Economic consequences of the COVID-19 outbreak: the need for epidemic pre-
paredness. Frontiers in Public Health, 2020. 8(241): pp. 1-4.

2. Nii-Trebi, N.I, Emerging and neglected infectious diseases: insights, advances, and challenges.
BioMed Research International, 2017. 2017: p. 5245021.

3. World Health Organization, Transmission of SARS-CoV-2: Implications for Infection Prevention
Precautions: Scientific Brief, 09 July 2020. 2020, World Health Organization, Geneva.

4. World Health Organization, Modes of Transmission of Virus Causing COVID-19: Implications for
IPC Precaution Recommendations: Scientific Brief, 27 March 2020. 2020, World Health Organization,
Geneva.

5. Ezechukwu, H.C,, et al., Lung microbiota dysbiosis and the implications of SARS-CoV-2 infec-
tion in pregnancy. Therapeutic Advances in Infectious Disease, 2021. 8: p. 20499361211032453.

6. Adegboye, O,, et al., Change in outbreak epicenter and its impact on the importation risks of
COVID-19 progression: a modelling study. Travel Medicine and Infectious Disease, 2020. 40, p.
101988.

7. Adegboye, O.A., Al Adekunle, and E. Gayawan, Early transmission dynamics of novel coro-
navirus (COVID-19) in Nigeria. International Journal of Environmental Research and Public Health,
2020. 17(9): p. 3054.

8. World Health Organization, WHO Director-General’s Opening Remarks at the Media Briefing on
COVID-19, 11 March 2020. 2020, World Health Organization, Geneva.

9. World Health Organization, Coronavirus disease (COVID-19): weekly epidemiological, 4 September
2020 [cited 2020 September 2020]. Available from: https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports.

10. Haider, N., et al., Passengers’ destinations from China: low risk of novel coronavirus (2019-
nCoV) transmission into Africa and South America. Epidemiology & Infection, 2020. 148: p. e41.

11. Wu, JT, K. Leung, and G.M. Leung, Nowcasting and forecasting the potential domestic and
international spread of the 2019-nCoV outbreak originating in Wuhan, China: a modelling
study. The Lancet, 2020. 395(10225): pp. 689—-697.

12. Gilbert, M., et al., Preparedness and vulnerability of African countries against importations of
COVID-19: a modelling study. The Lancet, 2020. 395: pp. 871-877.

13. De Salazar, PM.,, et al, Identifying locations with possible undetected imported severe
acute respiratory syndrome coronavirus 2 cases by using importation predictions. Emerging
Infectious Diseases, 2020. 26(7): p. 1465.


https://www.who.int
https://www.who.int

Statistical Approaches 577

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Davies, N.G,, et al., Age-dependent effects in the transmission and control of COVID-19 epi-
demics. Nature Medicine, 2020. 26(8): pp. 1205-1211.

Ogunleye, 0.0, et al,, Response to the novel corona virus (COVID-19) pandemic across Africa:
successes, challenges and implications for the future. Frontiers in Pharmacology, 2020. 11: p.
1205.

Kucharski, A, et al.,, Early dynamics of transmission and control of COVID-19: a mathemati-
cal modelling study. The Lancet Infectious Diseases, 2020. 20: pp. 553—-558.

Murshed, M. and A. Ahmed, An assessment of the marginalizing impact of poor governance
on the efficacy of public health expenditure in LMICS. World Review of Business Research, 2018.
8(1): pp. 147-160.

Ndokang, L.E. and A.D. Tsambou, Political instability in Central African Republic (CAR) and
health state of the Cameroon population. Journal of Life Economics, 2015. 2(2): pp. 113-129.

Fosu, A K, Instabilities and development in Africa, in Towards Africa’s Renewal, J. Senghour
and N. Poku, Editors. 2020, Ashgate Publishing Limited, Farnham. pp. 209-224.

Buchwald, A.G., et al., Aedes-borne disease outbreaks in West Africa: a call for enhanced sur-
veillance. Acta Tropica, 2020. 209: p. 105468.

Kapiriri, L. and A. Ross, The politics of disease epidemics: a comparative analysis of the SARS,
zika, and Ebola outbreaks. Global Social Welfare, 2020. 7(1): pp. 33—45.

Utazi, C.E,, et al,, Mapping vaccination coverage to explore the effects of delivery mechanisms
and inform vaccination strategies. Nature Communications, 2019. 10(1): pp. 1-10.

Peck, M., et al., Global routine vaccination coverage, 2018. Morbidity and Mortality Weekly Report,
2019. 68(42): p. 937.

El-Sadr, WM. and J. Justman, Africa in the path of Covid-19. New England Journal of Medicine,
2020. 383(3): p. ell.

McBryde, E.S,, et al., Role of modelling in COVID-19 policy development. Paediatric Respiratory
Reviews, 2020. 35: pp. 57-60.

Tomori, O., Ebola in an unprepared Africa. BMJ, 2014. 349: p. gb597.

Elmahdawy, M., et al., Ebola virus epidemic in West Africa: global health economic challenges,
lessons learned, and policy recommendations. Value in Health Regional Issues, 2017. 13: pp. 67-70.
Aruna, A, et al,, Ebola virus disease outbreak — Democratic Republic of the Congo, August
2018-November 2019. Morbidity and Mortality Weekly Report, 2019. 68(50): pp. 1162-1165.
Kapata, N., et al, Is Africa prepared for tackling the COVID-19 (SARS-CoV-2) epidemic.
Lessons from past outbreaks, ongoing pan-African public health efforts, and implications for
the future. International Journal of Infectious Diseases, 2020. 93: pp. 233-236.

WHO Regional Committee for Africa, Recurring Epidemics in the WHO African Region: Situation
Analysis Preparedness and Response. 2011, WHO.

World Health Organization. Strengthening health security by implementing the International Health
Regulations (2005), 2020 [cited 2020 27 August 2020]. Available from: https://www.who.int/ihr/
procedures/mission-reports-africa/en/.

Madu, E,, et al., Scoping review and expert reflections: coronavirus disease 2019 — prepared-
ness and response in selected countries of East Africa, West Africa, and Southeast Asia. Public
Health Open Journal, 2020. 5(3): pp. 49-57.

Coker, RJ, et al., Emerging infectious diseases in southeast Asia: regional challenges to con-
trol. The Lancet, 2011. 377(765): pp. 599-609.

Horby, P, D. Pfeiffer, and H. Oshitani, Prospects for emerging infections in East and Southeast
Asia 10years after severe acute respiratory syndrome. Emerging Infectious Diseases, 2013. 19(6):
pp- 853-860.

World Health Organization, Member countries of WHO South-East Asia region pledge to strengthen
emergency preparedness, 2019 [cited 2020 29 August].

Bharali, I, P. Kumar, and S. Selvaraj, How well is India responding to COVID-19?, in Future
Development. 2020, Brookings.

Ghosh, J., A critique of the Indian government’s response to the COVID-19 pandemic. Journal
of Industrial and Business Economics, 2020. 47: pp. 519-530.


https://www.who.int
https://www.who.int

578

38.
39.

40.

41

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Promoting Statistical Practice and Collaboration

MyGov Blogs, Disaster management lessons of COVID-19. 2020, MyGov Blogs.

World Health Organization, WHO supports India’s response to COVID-19, 2020 [cited 2020 29
August 2020]. Available from: https://www.who.int/news-room/feature-stories/detail/
who-supports-india-s-response-to-covid-19.

World Health Organization, WHO representative in Mauritius speaking about COVID-19 during
the 5th Nelson Mandela Memorial Lecture 2020, 2020 [cited 2020 30 August 2020].

. World Population Review, Countries by density 2020, 2020 [cited 2020 29 August].
42.

Jeeneea, R. and K.S. Sukon, The Mauritian response to COVID-19: rapid bold actions in the
right direction, 2020 [cited 2020 30 August 2020]. Available from: https://voxeu.org/article/
mauritian-response-covid-19.

Sun, M.C. and C.B.L.C. Wah, Lessons to be learnt from the COVID-19 public health response in
Mauritius. Public Health in Practice, 2020. 1: p. 100023.

Mamode, K.N., A.D. Soobhug, and K.M. Heenaye-Mamode, Studying the trend of the novel
coronavirus series in Mauritius and its implications. PLoS One, 2020. 15(7): p. €0235730.
Ebenso, B. and A. Otu, Can Nigeria contain the COVID-19 outbreak using lessons from recent
epidemics? The Lancet Global Health, 2020. 8: €770.

World Health Organization. Nigeria’s polio infrastructure bolster COVID-19 response,
2020 [cited 2020 31 August 2020]. Available from: https://www.afrowho.int/news/
nigerias-polio-infrastructure-bolster-covid-19-response.

Shuaib, EM.B,, et al., AVADAR (Auto-Visual AFP Detection and Reporting): demonstration of
a novel SMS-based smartphone application to improve acute flaccid paralysis (AFP) surveil-
lance in Nigeria. BMC Public Health, 2018. 18: pp. 57-65.

Nigeria Centre for Disease Control. First case of corona virus disease confirmed in Nigeria,
2020 [cited 2020 31 August 2020]. Available from: https://ncdc.gov.ng/news/227/
first-case-of-corona-virus-disease-confirmed-in-nigeria.

Nigeria Centre for Disease Control. COVID-19 outbreak in Nigeria situation report S/N
54, 2020 [cited 2020 31 August 2020]. Available from: https://ncdec.gov.ng/diseases/
sitreps/?cat=14&name=An%20update%200f%20COVID-19%200utbreak%20in%20Nigeria.
Onukwue, A., 54gene rolls out mobile laboratory to boost Nigeria’s coronavirus test capacity. 2020,
Techcabal.

AFP-Agence France Presse, Nigeria receives COVID-19 test kits from Chinese Billionaire Ma. 2020,
Yahoo News.

World Economic Forum. COVID-19 in Africa: insights from our 23 April WHO media briefing
[Internet]. World Economic Forum. 2020 [cited 2020 9 September]. Available from: https://
www.weforum.org/agenda/2020/04/covid19-in-africa-our-media-briefing-with-who/.
Grainger, C., A software for disease surveillance and outbreak response — insights from implementing
SORMAS in Nigeria and Ghana. 2020 [cited 2020 9 September]. Available from: http://health.
bmz.de/en/healthportal/ghpc/case-studies/software_disease_surveillance_outbreak_
response/index.html.

Yan, P. and G. Chowell, Quantitative Methods for Investigating Infectious Disease Outbreaks. Vol.
70. 2019, Springer, Cham.

Chowell, G., Fitting dynamic models to epidemic outbreaks with quantified uncertainty: a
primer for parameter uncertainty, identifiability, and forecasts. Infectious Disease Modelling,
2017. 2(3): pp. 379-398.

Meehan, M.T, et al, Modelling insights into the COVID-19 pandemic. Paediatric Respiratory
Reviews, 2020. 35: pp. 64—69.

Wang, W. and X.-Q. Zhao, Threshold dynamics for compartmental epidemic models in peri-
odic environments. Journal of Dynamics and Differential Equations, 2008. 20(3): pp. 699-717.

Silal, S.P, et al., Sensitivity to model structure: a comparison of compartmental models in epi-
demiology. Health Systems, 2016. 5(3): pp. 178-191.

Biswas, M.H.A., LT. Paiva, and M. De Pinho, A SEIR model for control of infectious diseases
with constraints. Mathematical Biosciences & Engineering, 2014. 11(4): p. 761.


https://www.who.int
https://www.who.int
https://voxeu.org
https://voxeu.org
https://www.afro.who.int
https://www.afro.who.int
https://ncdc.gov.ng
https://ncdc.gov.ng
https://ncdc.gov.ng
https://ncdc.gov.ng
https://www.weforum.org
https://www.weforum.org
http://health.bmz.de
http://health.bmz.de
http://health.bmz.de

Statistical Approaches 579

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

Kermack, W.O. and McKendrick, A.G., Contribution to the mathematical theory of epidem-
ics. Proceedings of the Royal Society of London Series A — Containing Papers of a Mathematical and
Physical Character, 1927. 115(772): pp. 700-721.

Di Caro, B.,, COVID-19 in Africa: insights from our 23 April WHO media briefing, 2020.
Available on https://www.weforum.org.

World Health Organization, Calibrating Long-Term Non-Pharmaceutical Interventions for
COVID-19: Principles and Facilitation Tools. 2020, WHO Regional Office for the Western Pacific,
Manila.

Iboi, E.A,, et al., Mathematical modeling and analysis of COVID-19 pandemic in Nigeria.
MedRxiv, 2020.

Cori, A, et al, A new framework and software to estimate time-varying reproduction num-
bers during epidemics. American Journal of Epidemiology, 2013. 178(9): pp. 1505-1512.
Adekunle, AL, et al., Is Nigeria really on top of COVID-19? Message from effective reproduc-
tion number. Epidemiology and Infection, 2020. 148: p. e166.

Chowdhury, R, et al, Dynamic interventions to control COVID-19 pandemic: a multi-
variate prediction modelling study comparing 16 worldwide countries. European Journal of
Epidemiology, 2020. 35(5): pp. 389-399.

Manrique-Abril, F, C. Téllez-Pifierez, and M. Pacheco-Lépez, Estimation of time-varying repro-
duction numbers of COVID-19 in American countries with regards to non-pharmacological
interventions. F1000Research, 2020. 9(868): p. 868.

Kucharski, AJ, et al.,, Early dynamics of transmission and control of COVID-19: a mathemati-
cal modelling study. The Lancet Infectious Diseases, 2020. 20(5): pp. 553-558.

Abbott, S., et al,, Estimating the time-varying reproduction number of SARS-CoV-2 using
national and subnational case counts. Wellcome Open Research, 2020. 5(112): p. 112.

Hridoy, A-E.E., etal., Estimation of effective reproduction number for COVID-19 in Bangladesh
and its districts. medRxiv, 2020.

Den Boon, S, et al., Guidelines for multi-model comparisons of the impact of infectious dis-
ease interventions. BMC Medicine, 2019. 17(1): p. 163.

COVID-19 Multi-Model Comparison Collaboration (CMCC), Model Fitness-for-Purpose
Assessment Report. 2020, World Health Organization, Geneva.

Prem, K,, et al.,, Projecting contact matrices in 177 geographical regions: an update and com-
parison with empirical data for the COVID-19 era. PLoS Computational Biology, 2020. 17(1): p.
€1009098.

Walker, PG, et al., The impact of COVID-19 and strategies for mitigation and suppression in
low- and middle-income countries. Science, 2020. 369: 413—-422.

Hamby, D.M.,, A review of techniques for parameter sensitivity analysis of environmental
models. Environmental Monitoring and Assessment, 1994. 32(2): pp. 135-154.

Tobler, W.R.,, A computer movie simulating urban growth in the Detroit region. Economic
Geography, 1970. 46(supl): p. 234-240.

Saffary, T., et al., Analysis of COVID-19 cases’ spatial dependence in US counties reveals health
inequalities. Frontiers in Public Health, 2020. 8: 579190.

Adegboye, O,, D. Leung, and Y. Wang, Analysis of spatial data with a nested correlation struc-
ture. Journal of the Royal Statistical Society: Series C (Applied Statistics), 2018. 67(2): pp. 329-354.
Elliot, P, et al., Spatial Epidemiology: Methods and Applications. 2000, Oxford University Press, Oxford.
Franch-Pardo, I, et al., Spatial analysis and GIS in the study of COVID-19. A review. Science of
The Total Environment, 2020. 739: p. 140033.

Arab-Mazar, Z,, et al.,, Mapping the incidence of the COVID-19 hotspot in Iran — implications
for travellers. Travel Medicine and Infectious Disease, 2020. 34: p. 101630.

Gayawan, E.,, et al,, The spatio-temporal epidemic dynamics of COVID-19 outbreak in Africa.
Epidemiology and Infection, 2020. 148: p. e212.

Chalkidou, K., et al., Introducing the COVID-19 Multi-Model Comparison Collaboration. 2020,
Center for Global Development.


https://www.weforum.org

580

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Promoting Statistical Practice and Collaboration

Loayza, N\V. and S. Pennings, Macroeconomic Policy in the Time of COVID-19: A Primer for
Developing Countries. 2020, World Bank, Washington, DC.

Bonaccorsi, G., et al., Economic and social consequences of human mobility restrictions under
COVID-19. Proceedings of the National Academy of Sciences, 2020. 117(27): pp. 15530-15535.
Brodeur, A, et al,, A literature review of the economics of COVID-19. IZA Discussion Paper
Series No. 13411, 2020.

Altig, D., et al.,, Economic uncertainty before and during the COVID-19 pandemic. Journal of
Public Economics, 2020. 191: p. 104274.

Coibion, O., Y. Gorodnichenko, and M. Weber, The Cost of the Covid-19 Crisis: Lockdowns,
Macroeconomic Expectations, and Consumer Spending. 2020, National Bureau of Economic
Research, Cambridge, MA.

Chetty, R,, et al., The Economic Impacts of COVID-19: Evidence from a New Public Database Built
Using Private Sector Data. 2020, National Bureau of Economic Research, Cambridge, MA.
Gopinath, G., Limiting the economic fallout of the coronavirus with large targeted policies,
in Mitigating the COVID Economic Crisis: Act Fast and Do Whatever It Takes, R. Baldwin and B.
Weder di Mauro, Editors. 2020, CEPR Press, London, pp. 41-48.

Hepburn, C,, et al., Will COVID-19 fiscal recovery packages accelerate or retard progress on
climate change? Oxford Review of Economic Policy, 2020. 36: S359-S381.

The World Bank Group, World Bank Group COVID-19 Crisis Response Approach Paper: Saving
Lives, Scaling-Up Impact and Getting Back on Track (English). 2020, The World Bank Group,
Washington, DC.

International Monetary Fund, IMF Policy Responses to COVID-19. Policy Tracker. 2020. IMF,
Washington, DC.

OECD, The impact of the coronavirus (COVID-19) crisis on development finance, in OECD
Policy Responses to Coronavirus (COVID-19). 2020.

Forsythe, E., et al,, Labor demand in the time of COVID-19: evidence from vacancy postings
and Ul claims. Journal of Public Economics, 2020. 189: p. 104238.

International Labour Organization, Social Protection Spotlight. Social Protection Responses to the
COVID-19 Pandemic in Developing Countries. 2020. International Labour Organization, Geneva.
Anner, M., Abandoned? The Impact of Covid-19 on Workers and Businesses at the Bottom of Global
Garment Supply Chains. 2020, PennState Center for Global Workers” Rights (CGWR), State
College, PA.

International Labour Organization, ILO Monitor: COVID-19 and the World of Work. Third Edition.
Updated Estimates and Analysis. 2020. International Labour Organization, Geneva.

Rahman, H.Z,, et al., Livelihoods, coping and support during Covid-19 crisis, in PPRC — BIGD
Rapid Response Research. 2020.

Hargreaves, S, et al., Targeting COVID-19 interventions towards migrants in humanitarian
settings. The Lancet Infectious Diseases, 2020. 20(6): pp. 645-646.

Lau, L.S,, et al., COVID-19 in humanitarian settings and lessons learned from past epidemics.
Nature Medicine, 2020. 26(5): pp. 647-648.

Ratha, D.K,, et al, COVID-19 Crisis through a Migration Lens. Migration and Development Brief 32.
2020, The World Bank Group, Washington, DC.

Machasio, LN. and N.D. Yameogo. When the well runs dry: finding solutions to COVID-19 remit-
tance disruptions. 2000 [cited 16 September 2020]. Available from: https://blogs.worldbank.org/
africacan/when-well-runs-dry-finding-solutions-covid-19-remittance-disruptions.

Acosta, P, et al., What is the impact of international remittances on poverty and inequality in
Latin America? World Development, 2008. 36(1): pp. 89-114.

Bertoli, S. and F. Marchetta, Migration, remittances and poverty in Ecuador. The Journal of
Development Studies, 2014. 50(8): pp. 1067-1089.

Yang, D., International migration, remittances and household investment: evidence from
Philippine migrants” exchange rate shocks. The Economic Journal, 2008. 118(528): pp. 591-630.
International Monetary Fund, COVID-19 financial assistance and debt service relief. 2020 [cited
16 September 2020]. Available from: https://www.imf.org/en/Topics/imf-and-covid19/
COVID-Lending-Tracker.


https://blogs.worldbank.org
https://blogs.worldbank.org
https://www.imf.org
https://www.imf.org

Statistical Approaches 581

108.

109.

110.

111.

112.

The World Bank Group, World Bank Group’s operational response to COVID-19 (coronavirus) —
projects list. 2020 [cited 16 September 2020]. Available from: https://www.worldbank.org/en/
about/what-we-do/brief/world-bank-group-operational-response-covid-19-coronavirus-
projects-list.

The World Bank Group, Debt service suspension and COVID-19. 2020 [cited 16 September
2020].  Available  from:  https://www.worldbank.org/en/news/factsheet/2020/05/11/
debt-relief-and-covid-19-coronavirus.

Brenton, P. and V. Chemutai, Trade Responses to the COVID-19 Crisis in Africa. 2020, World Bank,
Washington, DC.

Gourinchas, P-O., Flattening the pandemic and recession curves, in Mitigating the COVID
Economic Crisis: Act Fast and Do Whatever, R. Baldwin and B. Weder di Mauro, Editors. 2020,
CEPR Press, London. pp. 31-39.

Pak, A. and O.A. Adegboye, The importance of structural factors in COVID-19 response in
Western Pacific. Asia Pacific Journal of Public Health, 2021. 33: 977-978.


https://www.worldbank.org
https://www.worldbank.org
https://www.worldbank.org
https://www.worldbank.org
https://www.worldbank.org

