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attention must be paid to virus concentration and detec-
tion assays [27].

The consequences of lockdown restrictions in LMICs

As a way to curb the spread of the rapidly mutating
SARS-CoV-2, countries worldwide enforced strict lock-
down restrictions [28]. By April 2020, more than 90
countries were in some form of lockdown. Stay-at-home
orders, quarantine, isolation, social distancing, curfews,
school and company closures, and travel restrictions are
all part of the lockdown regulations [29]. The WHO
proposed response to the SARS-CoV-2 outbreak in-
volves personal hygiene, effective contact tracing, and
isolation when an individual is infected, to strike a bal-
ance between lockdown restrictions and normalcy [30].
If implemented in a timely and comprehensive manner,
lockdown can be an effective infection control and pre-
vention mechanism, reducing the risk of virus transmis-
sion from person to person and population spread while
buying enough time to scale up preventative measures,
diagnostic tests, and treatment capability [31]. While the
rigorous restrictions associated with lockdowns are ef-
fective, they come at a cost: they impose significant so-
cial and economic constraints on individuals and groups,
particularly in LMICs [31].

Workers in the informal economy are affected the
most by the lockdown because they lack social security
and access to adequate health care, as well as having lost
access to productive assets [32]. Hence, without the
means to earn an income during lockdowns, many are
unable to feed themselves and their families [33]. Due to
border closures, trade barriers, and other restrictions,
farmers are unable to access markets, causing a disrup-
tion in domestic and international food supply chains as
well as limiting access to balanced, healthy, and diverse
meals [34]. Therefore, millions of women, children and
men’s food security have been compromised as a result
of breadwinners losing their jobs due to the lockdown in
low-income countries, with vulnerable communities
such as small-scale farmers and indigenous people being
the hardest hit [34].

Attempting to strengthen the economy of several
LMICs, various governments have opted to ease lock-
down restrictions. Therefore, lockdown restrictions in
various countries were relaxed at various periods [35].
Currently, governments throughout the world are strug-
gling to figure out whether and how to relax restrictions
while balancing numerous health, social, and economic
issues. Premature lifting of lockdown restrictions by
allowing businesses to operate, opening schools and
higher education institutions, and allowing traveling are
among the key factors contributing to the resurgence of
SARS-CoV-2 waves [36]. Hence, LMICs should try to
learn from previous waves of SARS-CoV-2 infection and
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try to avoid being caught off guard by more waves of
SARS-CoV-2 infection in the future [36]. This means it
is crucial to develop methods that are cheaper, simple,
and have a quick diagnostic turnaround time to avoid
the medical laboratory staff becoming overwhelmed dur-
ing the future waves.

Challenges of SARS-CoV-2 testing in LMICs
Mass testing is one of the most significant aspects of
lowering the SARS-CoV-2 infection rate through early
detection of cases for treatment and subsequent caution-
ary measures such as isolation to prevent death and fur-
ther virus transmission, respectively [37]. However,
identification and monitoring of the SARS-CoV-2 infec-
tion cases have been the greatest challenge in the LMICs
[37]. In LMICs, SARS-CoV-2 infection testing is prob-
lematic due to financial constraints and other factors
[38]. These countries have no domestic capacity to
manufacture nasopharyngeal swabs, analytical reagents
and COVID 19 kits for SARS-CoV-2 testing [39]. With
an increase in the number of SARS-CoV-2 infection
cases, mass testing becomes disrupted due to a shortage
of nasopharyngeal swabs, analytical reagents and COVID
19 kits. It is because buying all of the materials needed
to test for SARS-CoV-2 infection is excessively expensive
[40]. Furthermore, the cost of Personal Protective Equip-
ment (PPE) has increased since the SARS-CoV-2 out-
break started, with LMICs bearing the brunt of the
burden. The prices of surgical masks have increased six-
fold, N95 breathing masks have tripled, and gowns have
doubled. The problem is supply delivery could take
months, and market manipulation is common, with in-
ventories being sold to the highest bidder. This is con-
cerning since healthcare workers rely on personal
protective equipment to safeguard themselves and their
patients from SARS-CoV-2 infections and the spread of
infections. Therefore, doctors, nurses, and other front-
line workers in LMICs are severely underequipped to
care for SARS-CoV-2 patients because of limited access
to equipment including gloves, medical masks, respira-
tors, goggles, face shields, gowns, and aprons [41]. In
addition, there are fewer laboratory staff trained for
SARS-CoV-2 testing in LMICs. As the number of infec-
tion cases increases the laboratory staff becomes over-
whelmed, and as a result, diagnostic turnaround time
and transmission rates will be increased [40, 41].
Obtaining the best effective vaccine program and un-
even access to vaccine programs are two other import-
ant concerns in LMICs. Vaccine distribution in the
world remains highly unequal, with a majority of the
existing supply going to high-income countries (HICs)
[42]. Hence, it will take months to years for the COVID-
19 vaccine to have an impact against the SARS-CoV-2 in
LMICs. As a result, this is concerning because the
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Table 1 Comparison between the total number of tests (in million) performed and the total population (in million) in high-income

countries and LMICs

Continent Countries Income Total Tests Performed (million) Total Population (million) Percentage of Tests performed (%)
North America  USA High 639,832,856 333,416,037 192"
Oceania Australia High 37,832,547 25,854,460 146'
Europe Switzerland High 10,796,404 8,733,303 124!
North America  Canada High 43,215,201 38,153,447 113"
Europe Germany High 73,348,901 84,117,156 75
Asia Vietnam Middle 42,517,091 98,427,082 43
Africa South Africa  Middle 17,649,727 60,237,549 29
South America  Brazil Middle 57,282,520 214,437,809 27
South America  Venezuela Middle 3,359,014 28,335,663 12
Asia Bangladesh Low 9,704,722 166,728,314 6
Africa Uganda Low 1,680,863 47,529,564 4
Africa Nigeria Low 2,997,060 212,473,029 1

Data were retrieved from the Worldometer Covid 19 on 30 September 2021 [10]. % Tests performed = (Total Tests/Total Population) * 100). The data on various
types of income for each country was obtained from the World Bank online site [44]. (" Excessive SARS-CoV-2 testing is indicated by percentage values above 100

(SARS-CoV-2 tests performed more than the actual population)

exposing health care workers to the high risk of infec-
tion. Furthermore, nasopharyngeal and oropharyngeal
swabs are expensive because the sample has to be col-
lected by trained health care personnel wearing PPE
[48]. Therefore, the nasopharyngeal and oropharyngeal
swab is not an ideal sample to utilize for monitoring
SARS-CoV-2 load. Therefore, saliva could be used as an
alternative sample for SARS-CoV-2 testing and viral load
monitoring, due to its numerous advantages [49].
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Fig. 2 The number of SARS-CoV-2 tests (%) performed in high-
income and middle-low-income countries and these samples
represents counties of each income group. High-income countries
are highlighted in red, middle-income countries are highlighted in
yellow, and low-income countries are highlighted in green [10].
High-income countries (USA, Switzerland, Australia, Canada,
Germany). Middle-income countries (Venezuela, Vietnam, South
Africa, Brazil). Low-income countries (Bangladesh, Uganda, Nigeria)
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Saliva is a transparent biofluid generated by the saliv-
ary glands that clean and protects the oral cavity, has
antibacterial properties, and aids in food digestion [50].
Angiotensin-converting enzyme 2 (ACE-2) has been
identified as the principal host cell receptor of SARS-
CoV-2, and it is thought to play a key role in the virus’s
entry into the cell and subsequent infection. The ACE-2
receptor is highly expressed in the salivary gland and
oral mucosa, [51] ACE2-positive cells in the salivary
glands are likely to be SARS-CoV-2 target cells [52].
Furthermore, the presence of SARS-CoV-2 in saliva
could be due to the mixing of upper and lower respira-
tory tract fluid that conveys the virus to the saliva. These
findings imply that the salivary gland and oral mucosa
could be a high-risk source site for SARS-CoV-2 infec-
tion [52]. Hence, this is what makes saliva a suitable spe-
cimen for testing SARS-CoV-2 infection.

Saliva could be utilized as a diagnostic sample for de-
tecting SARS-CoV-2 and monitoring viral load [53]. Pa-
tients collect their own samples, which has several
benefits, including the elimination of health care staff
and the elimination of PPE for sample collection. The
time, cost, and risk of viral transmission associated with
sample collection are reduced, allowing for increased
SARS-CoV-2 mass testing [53, 54]. Furthermore, saliva
can be utilized efficiently in large organizations such as
universities since PPE is not required, and this could
help to lower the danger of viral transmission. Hence,
the addition of saliva testing for SARS-Cov-2 infection
will allow universities to test thousands of students and
staff, with the aim that the results will aid in keeping
campuses safe. As a result, saliva testing, in addition to
wearing a face mask and maintaining social distance, is
an innovative option [55]. However, less attention has
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been given to its potential usefulness in testing and
monitoring for SARS-CoV-2 infection [54].

Sample pooling

The gold standard for diagnosing SARS-CoV-2 infection
is reverse-transcription polymerase chain reaction (RT-
PCR), a molecular method [56]. Real-time PCR is pre-
cise, but it is expensive to test each individual regularly
[57]. Therefore, high prices limit affordability for many
people, particularly in LMICs. The cost savings can be
achieved by pooling samples [57, 58].

The principle of sample pooling allows multiple sam-
ples to be mixed and tested as a single sample [59].
When using a pooling method and the pooled test result
is negative, each batch component is treated as if it were
analyzed separately. Individual testing is required only
when the pool test results are positive [59]. Sample pool-
ing testing should be recommended for asymptomatic
suspected cases, excluding those who are symptomatic
[60]. This method is advantageous because it is cost-
effective and allows for increased mass testing for SARS-
CoV-2 without compromising testing accuracy or wast-
ing consumables such as analytical reagents and extrac-
tion kits [61]. As a consequence, this technique
improves testing efficiency by reducing the backlog of

SARS-CoV-2 pending tests while also enhancing diag-
nostic turnaround time, which is one of the most im-
portant elements in managing and controlling the
SARS-CoV-2 outbreak [62]. The pooling technique will
be extremely advantageous in a laboratory with limited
resources because this type of testing is more feasible
and less expensive for mass screening in a large commu-

nity [63].

Prioritized groups for testing of SARS-CoV-2 infection
It is critical to have a quick and accurate strategy for de-
tecting and controlling SARS-CoV-2 outbreaks in com-
munities and hospitals in LMICs [64]. In LMICs,
prioritizing certain individuals for testing of SARS-CoV-
2 infection should be considered. This testing strategy
will help to accommodate the countries with limited re-
sources by prioritizing individuals according to their cat-
egories of urgent clinical need while trying to reduce a
backlog of pending testing [65]. Testing becomes the
highest priority when it contributes to improving clinical
outcomes and decreasing the transmission rate of the
virus [66].

When prioritizing groups, the most important factors
to consider are the size of each group, the number of
tests needed, and the number of tests available. Hence,
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the most critical groups should be tested first. As testing
becomes more generally available, it should be gradually
spread to other groups based on their priorities. Add-
itionally, those who tested positive for SARS-CoV-2 in-
fection will need to undergo further testing [65].

A list of priority groups for SARS-CoV-2 testing in the
private and public sectors is as follows: (i) Symptomatic
patients, regardless of their age or underlying health is-
sues, should be given the highest priority to reduce the
risk of nosocomial transmission and protect health care
staff and the general public. (ii) People who had contact
with people who had tested positive for SARS-CoV-2 in-
fection, whether asymptomatic or symptomatic, in order
to quickly identify patients at high risk of complications
and ensuring that the required precautions are taken. (iii)
SARS-CoV-2 testing should also be prioritized for health-
care workers, frontline responders, essential critical infra-
structure workers, miners, travelers, people going for
surgery, testing pregnant women who are admitted at the
labor ward and post-mortem testing, regardless of
whether they are asymptomatic, to prevent a possible
spread in the community and at work. (iv) If resources are
available, testing for non-essential workers may be permit-
ted [67, 68]. The most important thing to note is that
healthy people who have not been tested should continue
to practice social distance and wearing masks as recom-
mended by their local and state health authorities [69, 70].

Antigen rapid test as a screening test for SARS-CoV-2
infection in LMIC

As the world continues to wrestle with SARS-CoV-2 in-
fections, the number of cases in LMIC are increasing,
causing national economies to lock down and putting
further strain on already struggling economies [71]. As a
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result, the antigen rapid test can be used as alternative
strategy for SARS-CoV-2 infection in LMIC. Antigen
rapid tests have the advantage of providing results in
15-30 min instead of in hours or days, allowing mass
testing to be increased, especially in LMICs with limited
laboratory facilities or qualified health professionals to
do molecular (PCR) tests [72]. The antigen rapid test al-
lows healthcare workers to quickly identify individuals
who are infected with SARS-CoV-2, so they be isolated
and treated while their contacts are tracked to prevent
the virus from spreading to their families and communi-
ties. In this case of a SARS-CoV-2 outbreak, where the
test turnaround time is crucial, antigen rapid tests play
an important role in delivering early results [73].

While governments are increasingly relying on less ex-
pensive antigen rapid tests to increase SARS CoV-2 in-
fection testing coverage, however, the test may have low
sensitivity [74]. It’s critical to confirm an antigen test re-
sult with a PCR test, especially if the result of the anti-
gen rapid test contradicts the clinical setting. Therefore,
PCR tests remain the gold standard, and their value re-
mains high [73, 75]. To be noted antigen rapid tests are
typically used on symptomatic individuals since they
perform best in symptomatic individuals and within a
particular number of days of symptom onset [74]. By
adopting this alternative strategy for mass testing of
SARS-CoV-2 infection, LMICs can spend less money on
diagnostics and more money on essential medical equip-
ment for hospitals treating SARS-CoV-2 infected pa-
tients, resulting in more lives saved [72].

Conclusion and implication for future research
In conclusion, as the number of reported cases rises, the
pandemic’s long-term effect on individuals and

interventions in LMICs include:

What are problems of SARS-CoV-2

testing in LMICs?

++Financial constraints

“Shortage of nasopharyngeal or
oropharyngeal swab, PPE, analytical
reagents and SARS-CoV-2 kits

increasing mass testing

Some of the barriers to executing the recommended preventive

«Inequality exacerbates poverty, poor sanitation, poor living
conditions and insufficient health care

Fig. 4 A summary of the major challenges that LMICs have when it comes to SARS-CoV-2 testing, as well as possible cost-effective strategies for

What are cost-effective strategies that could

increase testing capability in LMICs?

«»Saliva sample

«»Sample pooling

<« Prioritizing critical groups for SARS-CoV-2
testing

<+ Antigen rapid test
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populations in LMICs remains unknown. Moreover, the
provision of a specific, effective vaccine to the people in
LMICs is still a challenge. With an ongoing, unprece-
dented outbreak of SARS-CoV-2, the importance of la-
boratory detection of human coronavirus infections has
been emphasized around the world in order to prevent
the spread of the infection and properly treat those indi-
viduals who have a serious infection. However, due to
weak health systems and poverty, LMICs are finding it
difficult to manage the SARS-CoV-2 outbreak. This
paper highlights the importance of developing alterna-
tive strategies for SARS-CoV-2 mass testing that are
simple and cost-effective in a resource-constrained set-
ting, and the summary is illustrated in Fig. 4.

For future research, the goal is to evaluate alternative
methods that are simple and cheaper, with fast turn-
around time and have a high throughput for a resource-
constrained laboratory, so that they can be implemented
to facilitate mass testing for SARS-CoV-2 infection in
LMICs. Furthermore, such research will have a good im-
pact on the development of a common pricing standard
for SARS-CoV-2 kits in LMICs.
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