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Abstract 

As coronavirus disease-2019 (COVID-19) continues to disproportionately affect low- and 
middle-income countries, the need for simple, accessible and frequent diagnostic testing 
grows. In lower-resource settings, case detection is often limited by a lack of available testing 
for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). To address global 
inequities in testing, alternative sample types could be used to increase access to testing by 
reducing the associated costs. Saliva is a sensitive, minimally invasive and inexpensive 
diagnostic sample for SARS-CoV-2 detection that is appropriate for asymptomatic 
surveillance, symptomatic testing and at-home collection. Saliva testing can lessen two major 
challenges faced by lower- and middle-income countries: constrained resources and 
overburdened health workers. Saliva sampling enables convenient self-collection and 
requires fewer resources than swab-based methods. However, saliva for SARS-CoV-2 
diagnostics has not been implemented on a large scale in low- and middle-income countries. 
While numerous studies based in these settings have demonstrated the usefulness of saliva 
sampling, there has been insufficient attention on optimizing its implementation in practice. 
We argue that implementation science research is needed to bridge this gap between 
evidence and practice. Low- and middle-income countries face many barriers as they 
continue their efforts to provide mass COVID-19 testing in the face of substantial inequities in 
global access to vaccines. Laboratories should look to replicate successful approaches for 
sensitive detection of SARS-CoV-2 in saliva, while governments should act to facilitate mass 
testing by lifting restrictions that limit implementation of saliva-based methods. 
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Introduction 

In 2020, the Africa Centers for Disease Control and Prevention aimed to increase testing for severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) from 1300 per million to 16 000 per million 

population.1 They surpassed their goal; by early 2022, over 95 million tests had been performed (about 

74 000 tests per million people).2 Nonetheless, only one in seven coronavirus disease-2019 (COVID-

19) infections were detected in Africa in 2021.3 Inadequate community-based testing has likely 

resulted in thousands of preventable COVID-19-related deaths.4 With case detection limited by the low 

availability of testing, the full extent of COVID-19-related morbidity and mortality in low- and middle-

income countries may only later be revealed.5 

Large-scale diagnostic capacity in lower- and middle-income countries is impeded by the 

scarcity of biosafety-equipped laboratories to handle samples; the high costs of test materials; the lack 

of specialized technicians to perform polymerase chain reaction (PCR) assays; and the shortage of 

trained health professionals to collect nasopharyngeal swab samples.6 Low- and middle-income 

countries also face persistent inequitable access to COVID-19 vaccines; a situation that has been 

described as vaccine apartheid.7 By August 2022, almost 80% of adults in high-income nations had 

received at least one dose of vaccine.8 In contrast, only around 20% of those in low-income countries 

have received at least one dose.8 These overlapping inequities in vaccine accessibility and testing 

availability must be addressed. 

Even as vaccination rates slowly climb in low- and middle-income countries, the need for 

testing remains high.9 A simple, accessible testing strategy is necessary for disease surveillance, 

enabling public health systems to assess infection prevalence and detect the emergence of variants to 

prevent further dissemination of the virus.10 Moreover, there is a moral imperative to support 

communities where vaccine availability and access are low. Organizations and government agencies 

across the globe, especially those of high-income nations, must collaborate to ensure that low- and 

middle-income countries can access sufficient testing and vaccination resources. 

Saliva-based methods can reduce the cost and improve scalability and sustainability of testing 

programmes in low- and middle-income countries. Saliva has similar effectiveness to nasopharyngeal 

swabs for detecting SARS-CoV-2,11 while also detecting early infection with greater sensitivity than 

anterior nasal12,13 and mid-turbinate swabs.14 This finding has remained true following the rise and 

worldwide spread of the Omicron variant of SARS-CoV-2.15,16 We discuss here how saliva testing 
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mitigates two major challenges for lower- and middle-income countries: constrained resources and 

overburdened health workers. 

Test affordability 

Swab-based testing approaches are costly and resource-intensive.17 In low- and middle-income 

countries, the cost of swab-based COVID-19 PCR testing can be more than 200 United States dollars 

(US$).18 A single test can cost up to 25% (US$ 210) of the U$ 858 gross domestic product (GDP) per 

capita in Uganda or 40% (US$ 210) of the US$ 517 GDP per capita in Afghanistan.19 While provided 

at no cost to individuals in some low- and middle-income countries,18 testing remains inaccessible to 

many. 

Saliva-based testing approaches are comparatively less costly. As saliva specimens are stable 

without preservatives and cold-chain management, they do not require expensive, specialized 

collection tubes.20 Saliva-based testing also does not require highly trained health workers, specialized 

swab supplies or personal protective equipment. The authors of a meta-analysis estimated that saliva 

collection saves US$ 633 000 for every 100 000 people sampled compared with nasopharyngeal 

swabs.21 Additionally, saliva can be self-collected at clinics and testing centres, thus minimizing 

discomfort for patients. The method also reduces the risk of occupational exposure to infection for 

health-care providers,21 a particular benefit in lower- and middle-income countries, which have fewer 

health workers per capita relative to high-income countries.22 Self-collection at home can further 

decrease the human resources needed at testing centres, avoid the need for people to travel and wait at 

potentially crowded facilities, and reduce the potential for further COVID-19 spread. 

Self-collection of saliva is not equivalent to self-testing. Samples may be self-collected under 

supervision at a testing centre or unsupervised at home to be submitted for laboratory testing. In 

contrast, self-testing for COVID-19 involves the individual producing their own test result, 

predominantly using a rapid antigen test.23 While these tests can be performed anywhere, including at 

home, there is no requirement to report the results to health authorities. Although the widespread 

availability of rapid antigen tests has greatly relieved the pressure on testing sites in high-income 

settings, the method has led to gaps in the data on the true number of COVID-19 cases.24 Thus, self-

testing does not contribute to national COVID-19 monitoring and surveillance, whereas self-collection 

of samples does. Self-collection of saliva remains important to safely expanding a county’s testing 

efforts. 
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Another resource-saving approach is the use of methods which by-pass the ribonucleic acid 

(RNA) extraction step (also known as a direct testing approach). These methods have rarely been 

explored for nasal swabs but are widely validated on saliva samples in large-scale testing 

programmes.25–27 For example, the Philippine Red Cross launched a saliva-based mass testing 

programme, providing PCR tests without using RNA extraction27 at less than half the cost of other 

reverse transcription (RT)–PCR tests.28 These efforts have enabled more affordable and, importantly, 

more sustainable testing programmes that have effectively controlled outbreaks.11,29 

Current applications 

SARS-CoV-2 saliva testing studies and programmes have been implemented in most regions of the 

world, including low-cost and less technologically demanding methods that can be adapted to low-

resource settings.29 Low- and middle-income countries globally have demonstrated the feasibility of 

saliva-based diagnostics with PCR technology.29 In South America, saliva collection has been 

recommended as a high-performing, non-invasive option. The sensitivity of the method was found to 

be comparable to that of nasopharyngeal swabs in studies in Brazil,30 Chile31 and French Guiana.32 In 

South-East Asia, saliva-based testing is considered to be suitable for low-resource areas and able to 

accurately detect asymptomatic infections through PCR screening, as demonstrated in Viet Nam.33 In 

Sub-Saharan Africa, saliva-based PCR testing is offered in several countries, including the Democratic 

Republic of Congo and Sudan, while a self-collection programme is currently being piloted in South 

Africa.29 

Saliva sampling also allows for sample pooling in laboratories, as several samples can be tested 

using one reaction. Therefore, the method substantially increases test throughput while reducing the 

financial and time costs associated with PCR testing.34 Pooled saliva testing protocols for SARS-CoV-

2 have proven effective in numerous settings globally, such as schools and workplaces in Mexico35 and 

Thailand.36 Pooling of samples allows institutions to more rapidly assess infection status and adjust 

prevention measures as necessary, generating reliable and long-lasting testing programmes that support 

individuals’ returning to places of work and study.29,37 

Loop-mediated isothermal amplification (LAMP) is an alternative diagnostic tool to PCR for 

low- and middle-income countries because it requires fewer resources, including highly-trained 

laboratory personnel. LAMP is a method that can be used in both laboratory and field conditions, and 

is compatible with saliva testing.38 Saliva-based LAMP can deliver rapid and reliable SARS-CoV-2 

test results using simple equipment and processes, involving only a heat block and a single fluid 
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transfer step.39 In middle-income countries, LAMP-based testing of saliva was highly sensitive 

compared with nasopharyngeal swabs in studies in Brazil (78.9%; 60/76 samples),40 in China (97.0%; 

65/67 samples)41 and in Mexico (100.0%; 25/25 samples).42 This approach was also an attractive 

solution when testing options, including government programmes, were scarce in Nicaragua,29 where a 

high prevalence of infection (122/402 people tested; 30.4%) was detected in health-care workers.43 The 

potential for saliva-based LAMP has been demonstrated at scale in the United Kingdom of Great 

Britain and Northern Ireland, where 86 760 saliva samples underwent direct RT–LAMP.44 The method 

bypasses RNA extraction, demonstrating a sensitivity of 84.6% (209/247 samples) compared with 

PCR.44 Additionally, in the United States of America a workplace surveillance programme using a 

LAMP method (validated to be 97.0% sensitive; 29/30 samples) tested over 30 000 self-collected 

saliva samples from 755 individuals in 12 months.45 

Relative to approaches that require laboratory processing, rapid antigen testing is convenient 

and inexpensive. Thus, rapid antigen tests are now widespread. For example, in Thailand, the 

government authorized 63 at-home saliva-based rapid antigen tests (as of early 2022). Rapid antigen 

tests are also being used for surveillance in Uganda.29 However, they are 30.0–40.0% less sensitive 

than PCR tests.46 Moreover, the results of rapid antigen tests taken at home are unlikely be reported to 

public health authorities, thus limiting efforts to assess community transmission. 

Point-of-care testing platforms could also facilitate rapid, convenient SARS-CoV-2 testing.47 

Point-of-care platforms are already widely used in low- and middle-income countries for the diagnosis 

of human immunodeficiency virus (HIV), tuberculosis and viral hepatitis.47 Point-of-care testing is 

decentralized by providing laboratory diagnostic services at or near the site where clinical care is being 

delivered. In this setting, only a single or few samples can be tested at a time, a strategy that is 

beneficial for quick determination of infection status in 15–45 minutes.48 Although point-of-care 

testing enables urgent and timely treatment by a health-care provider, the low throughput of the results 

makes them less useful for surveillance or widescale diagnostics in an outbreak response. Point-of-care 

testing platforms are proprietary and can also be expensive, which can hinder their accessibility.49 

However, the ability of point-of-care testing to expand testing capacity, and hence to reduce disease 

burden and its associated costs in the long-term, is likely to outweigh the implementation costs. When 

saliva was compared with nasopharyngeal swabs, PCR-based point-of-care testing for SARS-CoV-2 in 

Italy demonstrated 100.0% specificity (59/59 samples) and 90.2% sensitivity (37/41 samples).50 A 

saliva-based point-of-care testing innovation has also been developed in Türkiye, where an 

electrochemical immunoassay was developed to enable reliable detection of the SARS-CoV-2 spike S1 
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protein using a portable device.51 Overall, these findings highlight the potential for simplified 

molecular testing approaches in low- and middle-income countries. 

Improving testing coverage 

Dependence on external suppliers and expertise, and competition with higher-income nations for 

testing resources, has limited the expansion of COVID-19 testing programmes in many low- and 

middle-income countries.1 A less resource-intensive sample type with multiple uses could reduce the 

coverage gap between lower- and higher-resource countries. Saliva reduces reliance on swabs and 

other specialized resources, making it a more sustainable option in many settings. Existing workforces 

and laboratories can be trained to handle saliva through internet-accessible instructions on saliva 

sample collection and processing. 

Crucially, a single saliva sample can simultaneously identify active COVID-19 cases (through 

SARS-CoV-2 RNA detection) and antibodies that are either vaccine-induced or produced from prior 

SARS-CoV-2 exposure.11 Although serosurveys to monitor COVID-19 burden have been explored in 

low- and middle-income countries,52 saliva is a more convenient sample type that can improve the 

participation and sustainability of such surveillance programmes. Saliva is less financially burdensome 

and invasive than the traditional route of requiring a nasopharyngeal swab to detect active infection 

status or drawing blood for determination of antibody status.53 Saliva collection also requires a fraction 

of the resources needed for drawing blood for antibody detection and can circumvent peoples’ aversion 

to testing involving needles. Widespread HIV screening in low- and middle-income countries has 

demonstrated that saliva testing is more acceptable to patients and health workers than serological 

testing.54 With growing support for the use of saliva for SARS-CoV-2 antibody detection,55 and given 

the acceptability of saliva for HIV screening in lower- and middle-income countries, saliva sampling 

could improve the affordability and acceptability of antibody testing. Thus, saliva sampling for 

detection of anti-SARS-CoV-2 antibodies could fill testing gaps while allowing population immunity 

to be monitored.56 Combined information on acute and previous SARS-CoV-2 infections is essential 

for monitoring local outbreaks, determining the proportion of asymptomatic COVID-19 cases and 

guiding risk mitigation decisions by policy-makers. 

Although this new approach is promising, designers of saliva-based COVID-19 testing 

strategies must be sensitive to potential impact of such methods on other public health programmes in 

low-resource settings. Repurposing laboratory facilities for COVID-19 testing can interrupt other 

essential diagnostic services, including those for HIV, tuberculosis and malaria.1 For the first time in a 
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decade, tuberculosis deaths increased in 2020 due to reduced access to diagnostic testing and treatment 

amidst the COVID-19 pandemic.57 Without vigilance, widespread implementation of saliva sampling 

in low- and middle-income countries could inadvertently disrupt existing medical goods supply chains. 

For example, if sputum collection containers essential to tuberculosis programmes are diverted to 

collect saliva samples for COVID-19 testing, timely evaluation of tuberculosis could be 

compromised.58 Ideally, SARS-CoV-2 testing strategies should supplement or be integrated with 

existing programmes, such as through multiplexing (a laboratory technique that enables the 

identification of multiple targets in a single diagnostic procedure). 

Discussion 

Ultimately, simple, inexpensive and accessible methods of sample collection are critical to expanding 

and sustaining COVID-19 testing capabilities in low- and middle-income countries. Saliva is simple to 

self-collect, and the supply chains for mass testing strategies are easier than conventional sample types 

to establish and sustain. A large body of work has demonstrated that saliva can be a sensitive sample 

type for SARS-CoV-2 detection and is feasible in low- and middle-income countries. 

Wider adoption of saliva as a sample type may be cost–effective as well. In addition to the 

savings compared with nasopharyngeal swabs, saliva is an ideal sample type for multiplexing. For 

example, low-cost methods developed for SARS-CoV-2 can be expanded using multiplexing. Saliva-

based PCR multiplex approaches enable the non-invasive, simultaneous detection of multiple diseases 

in a single assay. Consequently, saliva tests could be used to detect and differentiate SARS-CoV-2 

RNA from other respiratory pathogens, such as influenza A and B,59 and primary pathogens that are 

endemic in lower- and middle-income countries including HIV,60 tuberculosis61 and malaria.62 

Multiplexing could also mitigate the potential interference of COVID-19 testing services with other 

essential health-care and diagnostic services, such as for tuberculosis and other infectious diseases. 

The evidence base for saliva as a reliable and cost-effective sample type for SARS-CoV-2 

diagnostics and surveillance is strong and continues to grow.11 Nevertheless the adoption, fidelity, and 

sustainability63 of saliva-based testing in low- and middle-income countries will depend on the quality 

of its implementation. When evidence-based practices are transferred to new settings, barriers to 

implementation can reduce their effectiveness in practice. Implementation science offers systematic 

approaches to bridging the gap between evidence and practice. Such an approach is needed to optimize 

delivery of saliva-based COVID-19 testing for low- and middle-income countries. There is immense 

promise for saliva testing in poorer countries; implementation science can help realize this promise. 
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With each day, the cooperation between higher and lower income nations to support parallel 

testing and vaccination efforts becomes more pressing. Low- and middle-income countries face many 

barriers as they continue to provide mass testing in the face of large inequities in global access to 

vaccines. Saliva sampling can mitigate some of these barriers by reducing the demand on human and 

material resources. Laboratories should look to replicate successful approaches for sensitive detection 

of SARS-CoV-2 in saliva, while governments should act to facilitate mass testing by lifting restrictions 

that limit implementation of these promising methods. 
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