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Abstract
Background: Three months after the first reported cases, COVID-19 had spread to nearly 90% of World Health
Organization (WHO) member states and only 24 countries had not reported cases as of 30 March 2020. This analysis
aimed to 1) assess characteristics, capability to detect and monitor COVID-19, and disease control measures in these
24 countries, 2) understand potential factors for the reported delayed COVID-19 introduction, and 3) identify gaps
and opportunities for outbreak preparedness, particularly in low and middle-income countries (LMICs). We collected
and analyzed publicly available information on country characteristics, COVID-19 testing, influenza surveillance,
border measures, and preparedness activities in these countries. We also assessed the association between the
temporal spread of COVID-19 in all countries with reported cases with globalization indicator and geographic
location.
Results: Temporal spreading of COVID-19 was strongly associated with countries’ globalization indicator and
geographic location. Most of the 24 countries with delayed COVID-19 introduction were LMICs; 88% were small
island or landlocked developing countries. As of 30 March 2020, only 38% of these countries reported in-country
COVID-19 testing capability, and 71% reported conducting influenza surveillance during the past year. All had
implemented two or more border measures, (e.g., travel restrictions and border closures) and multiple preparedness
activities (e.g., national preparedness plans and school closing).
Conclusions: Limited testing capacity suggests that most of the 24 delayed countries may have lacked the
capability to detect and identify cases early through sentinel and case-based surveillance. Low global
connectedness, geographic isolation, and border measures were common among these countries and may have
contributed to the delayed introduction of COVID-19 into these countries. This paper contributes to identifying
opportunities for pandemic preparedness, such as increasing disease detection, surveillance, and international
collaborations. As the global situation continues to evolve, it is essential for countries to improve and prioritize their
capacities to rapidly prevent, detect, and respond, not only for COVID-19, but also for future outbreaks.
Keywords: COVID-19, Pandemic, Preparedness, Global health, Surveillance, Border control measures

* Correspondence: ZJLi@cdc.gov
Centers for Disease Control and Prevention, COVID-19 Response, 4770 Buford
Highway, Atlanta, GA 30341, USA
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Li et al. Globalization and Health

(2021) 17:28

Background
Infectious diseases recognize no borders and can easily
spread into new geographic areas. Three months after
the first reported cases of coronavirus disease 2019
(COVID-19) [1], the infection had spread rapidly
throughout the world (Fig. 1). Confirmed cases had been
reported in 88% of the 195 WHO member states (hereafter referred to as countries); only 24 countries had not
reported cases to WHO as of 30 March 2020, based on
WHO COVID-19 Situation Reports [2]. Many factors
can contribute to the emergence and transmission of infectious diseases on a global scale [3, 4]. COVID-19 has
an average basic reproductive number of 3.38 ± 1.4
(range 1.9–6.5) [5], and an average incubation period of
5–6 days [6], with infectiousness starting approximately
2–3 days before symptom onset [7, 8]. In addition,
asymptomatic transmission [9] makes tracking more
complicated and difficult. These attributes, paired with
complex human connectivity between countries, especially with regards to international travel, significantly
affected the spread of the outbreak. When facing rapidly
developing outbreaks, countries can proactively take
public health measures to delay introduction and interrupt disease transmission [10]. Public health surveillance
and testing capabilities are crucial to detect the introduction and spread of disease and to contain novel
emerging infections, like COVID-19, especially during
an outbreak’s early stages [11].
Noting the speed, scale, and intensity of the COVID19 pandemic and the devastation to countries, it is important to understand factors that can affect the spread
of the virus and to subsequently identify potential gaps
and opportunities for outbreak preparedness. This is
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especially important for low and middle-income countries (LMIC) with limited economic and healthcare resources [12, 13]. We conducted a focused analysis on
the “final” 24 countries that had not reported COVID-19
cases to WHO as of 30 March 2020 based on a variety
of factors related to the disease prevention, detection,
and preparedness. Our objectives were to 1) assess country characteristics, capability and capacity to detect the
introduction and monitor spread of COVID-19, and the
disease control measures implemented in these 24 countries, 2) identify characteristics and factors that may be
related to delayed importation of COVID-19, and 3)
identify gaps and opportunities for outbreak preparedness to combat COVID-19 and inform future outbreak
preparedness, particularly in countries with limited
resources.

Methods
We identified the 24 countries that had not reported
COVID-19 cases to WHO as of 30 March 2020 based
on data released on WHO COVID-19 Situation Reports
[2]. We collected publicly available information on each
of the 24 countries that may be related to the objectives
of this study. Multiple information and data sources
were used, including official websites and social media
platforms (e.g., Facebook and Twitter) of countryspecific entities (e.g., ministries of health and other government agencies), as well as international organizations
(e.g., WHO and other United Nations agencies). We organized the data into several broad categories (Table 1),
including country characteristics and COVID-19-related
information. Country characteristics included economic
development status [14], vulnerable country designation

Fig. 1 Daily number of countries with reported cases by World Health Organization regions, 31 Dec 2019–30 Mar 2020. (PHEIC: Public Health
Emergency of International Concern)
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Table 1 Variables included in the analysis, definitions, and sources
Variable

Definition

Source

Country characteristics
Level of development

Level of development as measured by per capita
UN World Economic Situation and Prospects (2019)
gross national income: high-income, upper-middleincome, lower-middle-income and low-income

Vulnerability classifications

Vulnerable country designations by the United
Nations: Least Developed Countries, Landlocked
Developing Countries, and Small Island
Developing States

UN Office of the High Representative for the Least
Developed Countries, Landlocked Developing Countries
and the Small Island Developing States

Inbound visitor arrival (per capita
population)

Calculated ratio of inbound visitor arrivals at
national borders (non-resident visitors, including
overnight and same-day visitors, tourists and
excursionists) to country population

UN World Tourism Organization (2017–2018); WHO

Global connectedness index (GCI)

An index measures globalization based on trade,
capital, information, and people flows; ranking is
available on 169 countries and areas: higher rank
indicates less global connectedness

Altman et al., DHL Global Connectedness Index 2018 The State of Globalization in a Fragile World (2019)

Health security and healthcare indicators
Global health security index

An index on comprehensive assessment of global
health security capabilities in 195 countries that
make up the States Parties to the International
Health Regulations; ranking on Overall and on
Detection are presented (out of 195): higher
rank indicates lower health security capabilities

Global Health Security Index (2019)

# Doctor (per 10 k)

Number of doctors per 10,000 population

WHO Global Health Observatory

# Nurse & midwives (per 10 k)

Number of nurses and midwives per 10,000
population

COVID-19 testing and influenza surveillance
In-country COVID-19 testing (if yes,
capacity)

If reporting available test kits or COVID-19-capable
laboratories, then “Yes”. If a country has test kits
but explicitly states no lab, then “No”. If yes, brief
description of testing capacity

Export COVID-19 testing

If no in-country testing capability, report that
samples had been sent to another country for
testing or a plan to export samples for testing

Influenza surveillance (if yes, type)

Reporting influenza surveillance information to
WHO Global Influenza Programme from
May 2019 and April 2020. If yes, reported
laboratory (Lab) and/or epidemiology
(ILI: influenza-like illness, SARI: severe acute
respiratory infections) surveillances

Border control measures

Official websites and social media channels of country
Ministries of Health and other governments, and U.S.
Embassies

WHO Global Influenza Programme (2019–2020)

Yes/No/Unknown

Travel restrictions

Any international flight suspensions, restricted
air/land/sea border crossing activities, or
suggestions to postpone travel outside of the
country

Border closures

Suspension of air/land/sea-based points of entry.
Island nations suspending cruise ship docking

Screening at points of entry

Symptom checks screening (e.g. temperature
checks), travel history taken, and/or requirement
of certification of COVID-19 free

Traveler quarantine

14-day isolation of travelers entering the country,
mandatory or advised, self-isolation or
government quarantine at a facility, or initial
self-quarantine in country of origin or other
disease-free area

Official websites and social media channels of country
Ministries of Health and other governments, and U.S.
Embassies
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Table 1 Variables included in the analysis, definitions, and sources (Continued)
Variable

Definition

COVID-19 preparedness activities

Yes/No/Unknown

Source

COVID-19 preparedness plan or
strategy

Mention of a COVID-19 task force, a plan or a
strategy for preparing the country for the arrival
of COVID-19, either by the country government
or through collaboration with WHO, UN, or
another country

Mass gathering restrictions

Instructions and/or announcements to limit
gatherings to a specified number of people or
less; mandatory or advised/encouraged

School closures

Extension of school holidays or complete school
cancellation

Business closures

Complete closure of some businesses or all
non-essential businesses

Funding for COVID-19 activities

Financial resources released by the government
or received from an external partner designated
for COVID-19 preparedness

Healthcare worker training

COVID-19 trainings or refreshers for healthcare
workers

Availability of PPE

Acquisition of a supply of masks, gloves, gowns,
respirators, or face shields that’ll be available to
health workers.

Quarantine/isolation facilities

Designated locations for travelers or other
exposed persons to quarantine or self-isolate for
14 days

[15], health security and capability indicator (as measured by Global Health Security [GHS] Index) [16],
globalization indicator (as measured by Global Connectedness Index [GCI]) [17], annual inbound foreign visitors [18], population [19], and healthcare indicators [19].
COVID-19-related information included in-country testing capability and capacity for detecting SARS-CoV-2
(the virus responsible for COVID-19), existing influenza
surveillances [20], border measures (travel advisory,
border closure, traveler screening and quarantine), and
preparedness activities, such as national COVID-19 preparedness plan, strategy or task force, healthcare worker
trainings, acquisition of personal protective equipment
(PPE), and mitigation strategies (e.g. mass gathering restrictions, and school and business closures). Accession
dates ranged from 30 March 2020 to 10 April 2020. The
entire list of sources is provided in the Supplemental
Materials (Tables S1-S4).
We standardized the variables in the categories of
testing capabilities, mitigation measures, and preparedness activities (Table 1). Variables were summarized as “Yes” or “No” if relevant sources indicated
the presence or absence of a variable, and as “Unknown” if we were unable to find information from
relevant sources. Due to the rapid evolution of preventive measures and the overall objective of this analysis, we only recorded the initial implementation date
and the most recent updates as of 30 March 2020

Official websites and social media channels of country
Ministries of Health and other governments, and U.S.
Embassies

and did not include all specific iterations of the
measures.
To study the potential effects of global connectedness and geographic factor on the spread of COVID19, we conducted analyses on the temporal spreading
of COVID-19 among all countries with reported cases
with their GCI rank, a globalization indicator reflecting movement of people, trade, information, and capital [17]. We first determined the number of days
elapsed between the initial reporting date to WHO
(31 December 2019) and the date of the index case
for all individual countries with confirmed cases as
reported by WHO. We then applied Spearman correlation analysis and multiple linear regression to assess
the relationship between number of days to reported
index case against the GCI rank in 166 countries with
available GCI scores and the country’s geographic location (continent). In this analysis, we included three
countries with available GCI ranks that reported cases
between 30 March and the time of the analysis on 10
April 2020 (Botswana, Sierra Leone, and Yemen). The
analyses were conducted using SAS 9.4.

Results
Among the 24 countries that had not reported a
COVID-19 case as of 30 March 2020, 12 (50%) were in
Western Pacific (WPRO), 8 (30%) in Africa, 2 (8%) in
Europe, and 1 each in Eastern Mediterranean (EMRO)

Li et al. Globalization and Health

(2021) 17:28

Page 5 of 13

Fig. 2 Map of the 24 countries with no reported cases as of 30 March 2020

and South-east Asia (SEARO) (Fig. 2), collectively representing a total of 107 million people or roughly 1.4% of
the global population. Of the 24 countries, 14 (58%) are
small island developing countries, i.e., 12 countries in
WPRO and 2 in Africa, 7 (29%) are landlocked developing countries, and 7 (29%) are classified as the least
developed countries (Table 2) [15]. Except for the two
European countries (Tajikistan and Turkmenistan) that
are categorized as economies in transition, all
remaining countries are developing countries, most of
which are categorized as lower-middle income or lowincome. Moreover, most of the African countries are
classified as heavily indebted poor, least developed, or
both (Table 2) [14, 19].
Most of the 24 countries have limited healthcare resources (Table 2), with a median of 3.8 doctors (range
0.15–36.8) and 33 nurses and midwives (range 2.2–125)
per 10,000 population; as a comparison, the U.S. has
26.1 doctors and 145.5 nurses and midwives per 10,000
population [19]. Based on Global Health Security (GHS)
index, the average ranking of 19 countries with available
information is 166 out of 195 (median 178, range 92–
193) for overall indicator, indicating their low capability
on health security [16].
Among the 19 countries with available data on annual
number of arrivals of non-resident visitors (overnight
visitors, tourists, same-day visitors, or excursionists) at
national borders [18], the per capita inbound visitor arrivals ranged from 0.01 in Sierra Leone to 9.94 in Cook

Islands, with a median of 0.18 (Table 2). The WPRO
countries had higher per capita inbound visitors (median
0.72, range 0.05–9.94, n = 11) compared to the countries
outside of WPRO (median 0.08, range 0.01–0.79, n = 8)
and the U. S (0.53).
For the 13 countries with available Global Connective Index (GCI), a broad globalization indicator [17],
the median global rank was 147 out of 169 (range
94–166), indicating these countries were among the
lowest in global connectedness. We found strong and
significant correlations between days elapsed to index
case reporting and countries’ GCI rank, both for all
countries combined (r = 0.66, p < 0.0001, n = 155), and
when stratified by continents (Fig. 3), i.e. African (r =
0.34, p = 0.035, n = 38), Asia (r = 0.63, p < 0.0001, n =
40), Europe (r = 0.44, p = 0.0036, n = 42), North
America (r = 0.74, p < 0.0001, n = 21), and South
America (r = 0.61, p = 0.046, n = 11). Oceania also exhibited a positive though non-significant correlation
(r = 0.72, p = 0.28, n = 4) with only four countries with
GCI reporting cases. Further, as indicated in Fig. 3,
although Asian countries tended to have shorter
elapsed time to COVID-19 introduction than other
continents, the geographic effect diminished with
decreased global connectedness (increased GCI). Multiple linear regression analysis on all 155 countries
reporting cases and with GCI further confirmed that
the temporal spreading was significantly associated
with the GCI rank (beta with 95% CI: 0.23 [0.19,
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Table 2 Selected characteristics, global health security index, and healthcare system indicators in the 24 countries with no reported
COVID-19 cases as of 30 March 2020
Country

Country characteristics
Level of
development

Vulnerability
classification

Health security and healthcare indicators
Global
connectedness
index
(Rank of 169)

Inbound
visitor
arrivals/
Popl.
(Year)

Global health
security index
(rank of 195)

Number per 10 K
population

Overall Detection Doctors Nurse/midwives

AFRO
Botswana

Upper-middleincome

Landlocked developing 147

0.79 (2017) 139

133

5.3

54

Burundi

Low-income

Landlocked developing NA
& Least developed

0.03 (2017) 177

175

1.0

8.5

Comoros

Low-middleincome

Small island developing 161
& Least developed

0.05 (2018) 160

148

2.7

6.3

Lesotho

Low-middleincome

Landlocked developing 145
& Least developed

0.53 (2018) 144

160

0.69

32.6

Malawi

Low-income

Landlocked developing NA
& Least developed

0.05 (2018) 154

146

0.36

4.4

Sao Tome and
Principe

Low-middleincome

Small island developing NA
& Least developed

0.17 (2018) 192

194

0.53

19.2

Sierra Leone

Low-income

Least developed

0.01 (2018) 92

72

0.25

2.2

South Sudan

Low-income

Landlocked developing NA
& Least developed

99

NA

180

166

0.15

12.2

Low-income

Least developed

NA

190

179

5.3

7.9

EMRO
Yemen

165

EURO
Tajikistan

Low-income

Landlocked developing 159

0.12 (2018) 130

144

21

47.5

Turkmenistan

Upper-middleincome

Landlocked developing NA

NA

135

101

22.2

44.3

Low-income

NA

NA

193

185

36.8

44.4

Cook Islands

NA

Small island developing NA

9.94 (2018) 185

180

14.1

67.4

Kiribati

Low-middleincome

Small island developing 166

0.08 (2018) 189

189

2.0

38.3

SEARO
North Korea

NA

WPRO

Marshall Islands

NA

Small island developing 94

0.13 (2018) 191

189

4.2

33.4

Micronesia

NA

Small island developing NA

0.18 (2018) 124

171

1.9

20.4

Nauru

NA

Small island developing NA

NA

182

189

14.0

76.6

Niue

NA

Small island developing NA

6.00 (2017) 184

189

18.7

125

Palau

NA

Small island developing 117

4.82 (2018) 179

180

14.2

72.6

Samoa

Upper-middleincome

Small island developing 148

0.88 (2018) 162

173

3.4

24.9

Solomon Islands Low-middleincome

Small island developing 129

0.05 (2018) 183

182

1.9

21.6

Tonga

NA

Small island developing 107

0.72 (2018) 171

167

5.4

41.6

Tuvalu

NA

Small island developing NA

0.27 (2018) 181

182

9.1

42.6

Vanuatu

Low-middle-income Small island developing 154

1.30 (2018) 165

167

1.7

14.2

0.27], p < 0.0001), location variable using Asia as the
reference (14 [9, 18], p < 0.0001), with an intercept of
19 (10, 29) and adjust R2 = 0.47 for the model.

SARS-CoV-2 testing capability, influenza surveillance,
border control measures, and COVID-19 preparedness
activities are summarized in Table 3 (detailed
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Fig. 3 Linear correlation of Global Connectedness Index rank and days since the initial reporting of COVID (31 December 2019) to the index case
in 166 countries with reported COVID-19 cases, stratified by continent

information and sources are provided in Supplemental
Materials Tables S1-S4). As of 30 March 2020, 9 (38%)
of the countries had reported in-country capability to
test for SARS-CoV-2. Among them, four reported information on testing capacity for SARS-CoV-2, either on
total number of available testing kits (20,000 or more
total kits for Malawi and South Sudan) or on daily testing throughput (Botswana 500 tests/day, Sierra Leone 35
tests/million people/day). Among the 15 countries with
no in-country testing, 10 either had reported exporting
samples to other countries for testing or had planned to
do so upon the arrival of a suspected case.
Based on WHO Global Influenza Programme [20], 17
(71%) of the countries had reported influenza surveillance data from May 2019 to April 2020 (Table 3). Of
the 17 countries, Yemen only reported virologic laboratory influenza data; 11 only reported influenza-like
illness (ILI) data; and 5 reported laboratory-confirmed
influenza, surveillance on ILI, and severe acute respiratory infections (SARI). The 12 WPRO countries participate in the Pacific Public Health Surveillance Network
(PPHSN) [21] that tracks ILI, acute fever and rash, diarrhea and prolonged fever using the Pacific Syndromic
Surveillance System [22].
As of 30 March 2020, all 24 countries had implemented multiple border control measures to prevent the
introduction of COVID-19 into their country (Table 3,
Supplemental Materials Tables S2 and S3), including
travel restrictions (92%, 22/24, 2 unknown), closing air,
land and/or sea borders (58%, 14/24, with exceptions
such as essential, emergency, or citizen crossings),

screening at points of entry (79%, 19/24), or quarantines
for individuals entering the country (92%, 22/24) (Fig. 4).
All countries had also begun multiple preparedness activities (Tables 3 and S4). Of countries with available information, all (22/24, 2 unknown) announced national
preparedness strategies, plans, or task forces created either by the government or through collaboration with
WHO, other UN agencies, or other countries; all (20/24,
4 unknown) had allocated funding for COVID-19.
Furthermore, despite having no confirmed cases, 17
countries had pre-emptively closed schools and or nonessential businesses; 14 had implemented mass gathering
restrictions. Ten countries announced training healthcare workers for COVID-19 response, 16 either acquired
or were acquiring additional PPE, and 13 had designated
locations for travelers or other exposed persons to quarantine or isolate.

Discussion
In recent years, multiple efforts have been made to predict and prevent the next pandemic and promote countries’ pandemic preparedness [23, 24]. The Global
Health Security (GHS) Index, a comprehensive assessment of health security and related capabilities based on
six categories (prevention, detection and reporting, response, health system, internal norm, and risk environment), scored countries to spur measurable changes in
national health security and improve international capability to prepare for disease epidemic and pandemic
outbreaks [16]. COVID-19, a highly contagious emerging
infectious disease, rapidly evolved into a global pandemic
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Table 3 COVID-19 testing capacity, influenza surveillance, border control measures, and preparedness activities in the 24 countries with no reported cases as of 30 March 2020
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Fig. 4 COVID-19 testing capability, existing influenza surveillances, border control measures, and preparedness activities in the 24 countries with
no reported cases as of 30 March 2020. The denominator for exporting COVID-19 testing is the 15 countries with no in-county testing capability

two and a half months after its first reported case, increasing drastically both in the number of cases and
deaths and in the number of countries reporting
infections.
International travel is known to increase the risk of
imported cases into countries and studies had assessed
COVID-19 importation risk using international air travel
data [10, 25]. However, other international movements
(e.g., by land, sea, non-commercial air, goods) also contribute to importation risk. We used GCI, a broad global
connectedness indicator, in our analysis and found that
increased global connectedness was strongly correlated
with faster spreading among countries with reported
cases, with more rapid spread in Asia at the early stage
of the pandemic, demonstrating that global connectedness and geographic location were significantly associated with the global spread of COVID-19.
While globalization indicator and location are distinct traits irrespective of pandemic activity, countries
can improve capabilities to prevent, delay, detect, and
respond to public health emergencies, as outlined in
International Health Regulation [26]. In the context
of the current pandemic, three months after the first
reported cases, 38% of the “final” 24 countries reported in-country capacity to test for SARS-CoV-2,
whereas most other countries exported or planned to
export samples for testing. The limited COVID-19
testing in these countries likely affected their ability

to timely detect and report newly imported or subsequent new domestic COVID-19 cases.
In addition to testing, active case-finding and surveillance systems are essential for detecting, monitoring,
and curbing transmission of new outbreaks in a country.
For COVID-19, WHO primarily recommended using
existing ILI/SARI surveillance systems and reporting to
GISRS platform [27] and such systems have been
adopted by the U.S. and countries in Africa and Europe
[28–30]. We examined the existing syndromic surveillance systems for influenza, ILI and SARI based on data
reported to WHO Global Influenza Programme in the
past 12 months and noted that 7 (29%) of the 24 countries did not report any influenza surveillance data to
WHO. The lack of existing influenza surveillance systems in several countries may affect their ability to track
new infections after arrival, which would subsequently
affect their ability to develop effective and responsive infection prevention and control measures. In addition to
influenza surveillances, other syndromic respiratory disease surveillance platforms or methods (e.g. event or
community-based surveillance) could also be leveraged
for COVID-19 surveillance to test and monitor community spread and detect signals of respiratory symptoms
commonly associated with COVID-19. We could not determine the availability of surveillance and testing data
from other national sources (e.g., country Ministry of
Health).
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Border control measures have been commonly used in
past pandemics and epidemics to contain and slow the
global spread of infectious diseases [11, 31]. For COVID19, WHO had advised against the implementation of
travel restrictions and border closures, because they may
be ineffective, divert resources from other interventions,
and have a negative impact on social, economic, and
assistance activities [32]. The now-well-known asymptomatic and pre-symptomatic transmissions could further decrease the effectiveness of border control
measures in preventing the introduction of COVID-19.
A review found that entry screening measures had identified very low number of cases for the 2009 H1N1 Influenza Pandemic, 2014/2015 Ebola, and 2002/2003 SARS
[33]. Despite the apparent ineffectiveness of border
screening measures in identifying active cases, the study
also summarized potential important concomitant positive effects, including discouraging ill persons from traveling, raising awareness and educating the traveling
passengers, providing contacts of public health authorities to travelers in case they develop symptoms, collecting information for contact tracing, even though these
impacts are difficult to evaluate [33].
For the COVID-19 pandemic, several studies have
assessed the effectiveness of border measures and
found that various border control measures, such as
border closure and travel restrictions, had curbed regional or global spread of COVID-19, especially at
the early stage of the pandemic [10, 34]. To assess
the potential risk of imported cases, we calculated the
annual per capita inbound visitor arrivals in the 24
countries using the most recent data reported in 2017
or 2018 [18]. Most of these countries may have a
high risk of imported cases due to the volume of foreign visitor to many of the countries, particularly for
the Pacific island nations, had they not taken any preemptive border control measures. All 24 countries
under study had implemented at least two border
control measures against the entry of COVID-19.
Some enacted border measures (e.g., travel restrictions
and border screenings) as early as January 2020, with
more than half of the countries closing their air, land,
and sea borders by the end of March. As the global
spreading continued, 10 of 24 countries reported their
first cases in April (8) and May 2020 (2), 4 reported
near the end of 2020, and 10 countries had not reported any cases to WHO as of 18 February 2021.
Although this study cannot directly evaluate the effectiveness of the specific measures, proactive implementation of border control measures likely
contributed to slowing or preventing the infection
across the borders, given the factors discussed above.
There is increasing evidence that asymptomatic and
pre-symptomatic transmissions of COVID-19 played a
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key role in the initiation and acceleration of the outbreaks in other countries [35]. Therefore, while our analysis focused on delaying, detecting, and monitoring the
importation of identified cases, it is equally vital for
countries to prepare for the potentially undetected arrival of the disease. National strategies and designated
task forces can guide and coordinate countries in implementing preparedness activities. The domestic control
measures implemented by these 24 countries (e.g., preemptive banning of large gatherings and school or business closures) may have helped to curb the potential
spread of undetected infections. Given the reported extreme burdens on healthcare resources and shortage of
PPE in countries with widespread outbreaks, it is even
more urgent for countries with limited capacity to carry
out proactive preparedness activities, such as healthcare
worker trainings, acquisition of additional PPE, and designation of local quarantine facilities.
The delay of disease introduction can provide countries a window of opportunity to prepare and implement preparedness strategies. In observing widespread transmission of COVID-19 in other countries,
the global community accrued a substantial amount
of knowledge on disease etiology, detection, treatment, and infection prevention and control measures.
Less developed countries with fragile health systems
can utilize the knowledge gained and resources shared
by the global community through close collaborations
and information sharing, to improve outbreak preparedness. To improve early detection, countries can
increase in-country testing capacity, testing kits,
equipment and supplies, laboratory capacity, and
training. For timely and accurate monitoring, countries can improve surveillance capacity by utilizing
and adapting existing surveillance systems and participating in international surveillance networks. Additionally, transparent information sharing, and
effective communication and outreach, can all aid in
the improvement of outbreak preparedness. Moreover,
international coordination, as exemplified by the recently formed African Task Force for Coronavirus
Preparedness and Response [36, 37], can substantially
expand capacities, preparedness and responses on
multiple workstreams, including laboratory diagnosis,
surveillance, infection prevention and control, clinical
treatment, risk communication, and supply chain and
stockpile management. Lastly, the global situation
continues to evolve despite the availability of COVID19 vaccines. New challenges continue to emerge, such
as the new variants [38, 39]. Therefore, it is essential
for the global community to continue to improve and
prioritize the capacities needed to prevent, detect, and
respond, not only for COVID-19, but also for future
global outbreaks.
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Our analysis has several limitations. First, the analytic methods are largely observational and qualitative
in nature. Therefore, this report cannot determine
quantitatively the relative contributions from each factor and is not an evaluation of the effectiveness of
such factors in delaying COVID-19 introduction.
Nevertheless, the subsequent developments (e.g., significantly delayed introduction or COVID-free status
a year after the pandemic declaration) indicated that
proactive border measures, global connectiveness, and
geographic aspect may be the main contributing factors. Second, data collection via broad web-based
search may overlook relevant information, because of
the search platforms used, vast amount of information, and/or language translation limitations. Third,
we focused on the presence of ILI/SARI surveillance
based on WHO’s recommendations and could not assess the availability of other surveillance platforms for
the detection and surveillance of COVID-19 cases due
to lack of public information. Lastly, potential nonreporting in selected countries can affect the findings
and interpretation of data from those countries.

Conclusions
The limited testing capacity in these countries suggests that many may have lacked the capability to
timely detect and monitor coronavirus infections.
Geographic location and global connectedness were
associated with temporal spreading of COVID-19 globally and may have delayed the importation of cases
to these countries. Early implementation of border
measures, such as travel restrictions, border closures,
and traveler quarantine and screening, may have contributed to delaying the introduction of COVID-19
into these countries, particularly for countries traditionally with a large volume of inbound foreign visitors. The overall low economic status and limited
health care resources in these countries demonstrate
the importance of early actions to deter the introduction and spread of deadly infectious diseases. The
delayed introduction can provide a window of opportunity to improve and implement preparedness strategies, such as increasing disease detection and
surveillance capacity. Furthermore, close collaboration
with and participation in WHO and other
international networks and consortiums as well as
transparency in information sharing and exchanges,
are essential to enable and improve the preparedness
for global outbreaks, particularly for LMICs. Finally,
as the global situation continues to evolve, it is essential for countries to continue to improve and
prioritize the capacities to rapidly prevent, detect, and
respond, not only for COVID-19, but also for future
outbreaks.

Page 12 of 13

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12992-021-00678-4.
Additional file 1: Table S1. COVID-19 Testing Capability and Capacity
Summary. Table S2. Travel Restrictions and Border Closures Summary.
Table S3. Screening and Travel Quarantine Summary. Table S4. Preparedness Activities Summary.
Acknowledgments
We thank Michael Wellman and James Fuller for graphic creation, Michael
Lewin for statistical consultation, and Sarah Bennett and Barbara Marston for
leadership and support.
Disclaimer
The findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.
Authors’ contributions
ZL led the study and drafted the paper. CJ, NG, AG, GC, GE, LI, and ZL
collected and summarized the data. GE, ZL, and CJ analyzed the data. GE,
AA, SM, PR, RM, and ML contributed to sections of the paper. All authors
reviewed and revised the paper. The authors read and approved the final
manuscript.
Funding
No external funding for this study.
Availability of data and materials
All data generated or analyzed during this study are either included in this
published article and its supplementary information files or are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable. Human-subjects research review was conducted by the U.S.
Centers for Disease Control and Prevention, which determined that this information collection did not meet the regulatory definition of research under
45 CFR 46.102(d) and was therefore determined to be a non-research public
health response activity.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Received: 5 September 2020 Accepted: 2 March 2021

References
1. WHO. Novel Coronavirus (2019-nCoV) situation report-1. Geneva: World
Health Organization; 2020. Available from: https://www.who.int/docs/defa
ult-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf.
Accessed 21 Apr 2020.
2. WHO. Novel Coronavirus (2019-nCoV) situation report-1. Geneva: World
Health Organization; 2020. Available from: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/situation-reports/. Accessed
21 Apr 2020.
3. Church DL. Major factors affecting the emergence and re-emergence of
infectious diseases. Clin Lab Med. 2004;24(3):559–86.
4. Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis.
1995;1(1):7–15.
5. Alimohamadi Y, Taghdir M, Sepandi M. Estimate of the basic reproduction
number for COVID-19: a systematic review and meta-analysis. J Prev Med
Public Health. 2020;53(3):151–7.
6. WHO. Coronavirus disease (COVID-19) situation report-73. Geneva: World
Health Organization; 2020. Available from: https://www.who.int/docs/defa

Li et al. Globalization and Health

7.
8.

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.
26.

27.

(2021) 17:28

ult-source/coronaviruse/situation-reports/20200402-sitrep-73-covid-19.pdf.
Accessed 2 Apr 2020.
He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, et al. Temporal dynamics in
viral shedding and transmissibility of COVID-19. Nat Med. 2020;26(9):1491–3.
Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al.
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing
facility. N Engl J Med. 2020;382(22):2081–90.
Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the Achilles’
heel of current strategies to control Covid-19. N Engl J Med. 2020;382(22):
2158–60.
Wells CR, Sah P, Moghadas SM, Pandey A, Shoukat A, Wang Y, et al. Impact
of international travel and border control measures on the global spread of
the novel 2019 coronavirus outbreak. Proc Natl Acad Sci U S A. 2020;
117(13):7504–9.
Knobler S, Mahmoud A, Lemon S, Mack A, Sivitz L, Oberholtzer K. Learning
from SARS: preparing for the next disease outbreak: workshop summary. In:
Knobler S, Mahmoud A, Lemon S, Mack A, Sivitz L, Oberholtzer K, editors.
Learning from SARS: preparing for the next disease outbreak: workshop
summary. Washington (DC): The National Academies Collection: Reports
funded by National Institutes of Health; 2004.
El-Sadr WM, Justman J. Africa in the path of Covid-19. N Engl J Med. 2020;
283(3):e11.
Nuwagira E, Muzoora C. Is Sub-Saharan Africa prepared for COVID-19? Trop
Med Health. 2020;48:18.
United Nations. World economic situation and prospects 2020. New York:
United Nations. Available from: https://www.un.org/development/desa/dpa
d/publication/world-economic-situation-and-prospects-2020/. Accessed 30
Apr 2020.
United Nations. Office of the High Representative for the Least Developed
Countries, Landlocked Developing Countries and the Small Island
Developing States (UN-OHRLLS). New York: United Nations. Available from:
http://unohrlls.org/. Accessed 30 April 2020.
Global health security index - building collective actions and accountability.
Nuclear Threat Initiative, Johns Hopkins Center for Health Security, The
Economist Intelligence Unit, 2019. Available from: https://www.ghsindex.
org/. Accessed 15 April 2020.
Altman SA, Ghemawat P, P. B. DHL Global connectedness Index 2018:
Deutsche Post DHL; 2019 [Available from: https://www.dhl.com/global-en/
home/insights-and-innovation/thought-leadership/case-studies/globalconnectedness-index.html.
United Nations. Country profile - inbound tourism [Web Page]. New York:
United Nations: World Tourism Organization; 2020. Available from: https://
www.unwto.org/country-profile-inbound-tourism. Accessed 20 Apr 2020.
WHO. Global health observatory data repository. Geneva: World Health
Organization. Available from: https://apps.who.int/gho/data/node.main.
Accessed 30 April 2020.
WHO. Influenza surveillance outputs. Geneva: World Health Organization;
2020. Available from: https://www.who.int/influenza/resources/charts/en/.
Accessed 30 Apr 2020.
Pacific Public Health Surveillance Network. Available from: https://www.
pphsn.net/. Accessed 30 April 2020.
WHO. Pacific Islands surveillance. Geneva: World Health Organization.
Available from: https://www.who.int/westernpacific/emergencies/surveilla
nce/pacific-islands-surveillance. Accessed 30 April 2020.
Strachan NJ, Rotariu O, MacRae M, Sheppard SK, Smith-Palmer A, Cowden J,
et al. Operationalising factors that explain the emergence of infectious
diseases: a case study of the human campylobacteriosis epidemic. PLoS
One. 2013;8(11):e79331.
Oppenheim B, Gallivan M, Madhav NK, Brown N, Serhiyenko V, Wolfe ND,
et al. Assessing global preparedness for the next pandemic: development
and application of an epidemic preparedness index. BMJ Glob Health. 2019;
4(1):e001157.
Craig AT, Heywood AE, Hall J. Risk of COVID-19 importation to the Pacific
islands through global air travel. Epidemiol Infect. 2020;148:e71.
Katz RL, Fernandez JA, McNabb SJ. Disease surveillance, capacity building
and implementation of the International Health Regulations (IHR [2005]).
BMC Public Health. 2010;10(Suppl 1):S1.
WHO. Operational considerations for COVID-19 surveillance using GISRS:
interim guidance. Geneva: World Health Organization; 2020. Available from:
https://extranet.who.int/iris/restricted/handle/10665/331589. Accessed 30
Apr 2020.

Page 13 of 13

28. CDC. COVID view a weekly surveillance summary of U.S. COVID-19 activities:
purpose and methods. Atlanta: U.S. Centers for Disease Control and
Prevention; 2020. Available from: https://www.cdc.gov/coronavirus/2019ncov/covid-data/covidview/purpose-methods.html. Accessed 30 Apr 2020.
29. European CDC. Strategies for the surveillance of COVID-19 Stockholm. Solna:
European Centre for Disease Prevention and Control; 2020. Available from:
https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19surveillance-strategy-9-Apr-2020.pdf. Accessed 30 Apr 2020.
30. Africa CDC. Protocol for enhanced severe acute respiratory illness and
influenza-like illness surveillance for COVID-19 in Africa: Africa Centers for
Disease Control and Prevention; 2020. Available from: https://africacdc.org/
download/protocol-for-enhanced-severe-acute-respiratory-illness-andinfluenza-like-illness-surveillance-for-covid-19-in-africa/. Accessed 30 Apr
2020.
31. Malvy D, McElroy AK, de Clerck H, Gunther S, van Griensven J. Ebola virus
disease. Lancet. 2019;393(10174):936–48.
32. WHO. Updated WHO recommendations for international traffic in relation
to COVID-19 outbreak. Geneva: World Health Organization; 2020. Available
from: https://www.who.int/news-room/articles-detail/updated-whorecommendations-for-international-traffic-in-relation-to-covid-19-outbreak.
Accessed 30 Apr 2020.
33. Mouchtouri VA, Christoforidou EP, An der Heiden M, Menel Lemos C, Fanos
M, Rexroth U, et al. Exit and entry screening practices for infectious diseases
among travelers at points of entry: looking for evidence on public health
impact. Int J Environ Res Public Health. 2019;16(23):4638.
34. Chinazzi M, Davis JT, Ajelli M, Gioannini C, Litvinova M, Merler S, et al. The
effect of travel restrictions on the spread of the 2019 novel coronavirus
(COVID-19) outbreak. Science. 2020;368(6489):395–400.
35. Schuchat A. Public health response to the initiation and spread of
pandemic COVID-19 in the United States, February 24–April 21, 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(18):551–6.
36. Hopman J, Allegranzi B, Mehtar S. Managing COVID-19 in low- and middleincome countries. JAMA. 2020;323(16):1549–50.
37. Nkengasong JN, Mankoula W. Looming threat of COVID-19 infection in
Africa: act collectively, and fast. Lancet. 2020;395(10227):841–2.
38. Wise J. Covid-19: new coronavirus variant is identified in UK. BMJ. 2020;371:
m4857.
39. Kirby T. New variant of SARS-CoV-2 in UK causes surge of COVID-19. Lancet
Respir Med. 2021;9(2):e20–e21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

