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ABSTRACT
Objective To evaluate the diagnostic performance 
and feasibility of rapid antigen testing for SARS- CoV- 2 
detection in low- income communities.
Design We conducted a cross- sectional community- based 
diagnostic accuracy study. Community health workers, 
who were trained and supervised by medical technicians, 
performed rapid antigen tests on symptomatic individuals, and 
up to two additional household members in their households 
and diagnostic results were calibrated against the gold 
standard RT- PCR.
Setting Low- income communities in Dhaka, Bangladesh.
Participants Between 19 May 2021 and 11 July 2021, 
1240 nasal and saliva samples were collected from 
symptomatic individuals and 993 samples from additional 
household members (up to two from one household).
Results The sensitivity of rapid antigen tests was 0.68 on 
nasal samples (95% CI 0.62 to 0.73) and 0.41 on saliva (95% 
CI 0.35 to 0.46), with specificity also higher on nasal samples 
(0.98, 95% CI 0.97 to 0.99) than saliva (0.87, 95% CI 0.85 
to 0.90). Testing up to two additional household members 
increased sensitivity to 0.71 on nasal samples (95% CI 0.65 
to 0.76), but reduced specificity (0.96, 95% CI 0.94 to 0.97). 
Sensitivity on saliva rose to 0.48 (95% CI 0.42 to 0.54) with two 
additional household members tested but remained lower than 
sensitivity on nasal samples. During the study period, testing 
in these low- income communities increased fourfold through 
the mobilisation of community health workers for sample 
collection.
Conclusions Rapid antigen testing on nasal swabs can be 
effectively performed by community health workers yielding 
equivalent sensitivity and specificity to the literature. Household 
testing by community health workers in low- resource settings 
is an inexpensive approach that can increase testing capacity, 
accessibility and the effectiveness of control measures through 
immediately actionable results.

INTRODUCTION 

Since the start of the COVID- 19 pandemic, 
countries have sought to develop rapid and 

accessible approaches to diagnostic testing. 
The capacity for Reverse Transcription Poly-
merase Chain Reaction (RT- PCR), the gold 
standard diagnostic for SARS- CoV- 2, has 
ramped up around the world. Nonetheless, 
limitations remain in many low- resource 
settings because of the high cost, relatively 
slow turnaround time and need for special-
ised laboratory setup and highly skilled 
personnel to perform RT- PCR.1–4 Rapid 
antigen tests are a promising alternative, as 
they are inexpensive, fast to perform (typi-
cally returning results within 15 min), and 
require only minimal technical skills and 
infrastructure.5 Rapid antigen tests can there-
fore be used for symptomatic testing and as 
a screening tool to monitor the epidemiolog-
ical situation. However, research is needed to 
evaluate the performance of rapid antigen 
tests and to develop an effective model for 
their deployment in many low- income and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study evaluates the performance of rapid an-
tigen testing at the household level with all speci-
mens collected by community health workers.

 ⇒ Sensitivity and specificity are reported for the in-
dex case and for testing of additional household 
members.

 ⇒ Lack of data on CT values precluded evaluation of 
the performance of rapid antigen tests according to 
viral load.

 ⇒ Information related to symptom duration was not 
available.

 ⇒ Diagnostic performance will depend not only on 
the proficiency of community health workers col-
lecting specimens, but also the predominant SARS- 
CoV- 2 variant(s) circulating and the incidence in the 
community.
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middle- income country (LMIC) settings where adoption 
has been slow.

The diagnostic accuracy of rapid antigen tests has been 
evaluated in multiple clinical and laboratory studies, 
reporting high specificity and moderate to high sensi-
tivity.6–9 A recent meta- analysis of 133 clinical studies 
reported sensitivity of 76.3% (95% CI 73.1% to 79.2%), 
rising to 95.8% (95% CI 92.3% to 97.8%) when anal-
yses were restricted to samples with high viral load (ie, 
CT values <25).10 When the goal of testing is to miti-
gate transmission, the ideal test would be one that not 
just identifies the presence of SARS- CoV- 2, but identifies 
those individuals that contribute to virus transmission.11 
Therefore, despite their lower sensitivity compared with 
the gold standard, and because of the immediacy of their 
results, as well as their low cost and ease of administra-
tion, rapid antigen tests are an ideal method for use in 
the community. Importantly, the direct administration 
of rapid antigen tests at households has the potential 
to lower testing costs and reduce other logistics barriers 
and risks, including the movement of infectious indi-
viduals when seeking tests. However, questions remain 
around the most appropriate sample type and delivery 
models for feasible and effective rapid antigen testing in 
communities.

Many countries that are constrained by limited diag-
nostic and healthcare infrastructure and human resources 
have used community health workers to aid service delivery 
during the pandemic.12 13 In June 2020, responding to 
the Bangladesh Preparedness and Response Plan call to 
emergency action, the Food and Agriculture Organisation 
of the United Nations, the United Nations Populations 
Fund, and a collective of partner international agencies, 
non- governmental and civil society organisations (see 
the Acknowledgements section) initiated a community 
support team intervention under the leadership of the 
Bangladesh Government’s Directorate General of Health 
Services. Community support teams comprised volunteers 
trained to search and screen symptomatic COVID- 19 cases 
for preventing symptomatic transmission and were mobil-
ised throughout the two city corporations of Dhaka, with 
an emphasis on socioeconomically deprived areas. Using 
this network, we evaluated the diagnostic performance 
and feasibility of rapid antigen testing for the identifica-
tion of COVID- 19 cases in the community. Here, we report 
on the sensitivity and specificity of rapid antigen testing 
by community workers on nasal and saliva samples from 
symptomatic individuals and their household members, 
including the impact of testing multiple household 
members on diagnostic performance. Based on these 
experiences in Dhaka, we further discuss the potential 
for community health workers to scale up rapid antigen 
testing for SARS- CoV- 2 in low- income communities.

METHODS
Data collection
Community support teams comprised local volunteers 
that were trained by medical technologists to search for 

and identify suspected COVID- 19 cases through hotline 
calls and community- based channels, and to counsel them 
in preventative measures, focusing on mask- wearing, 
isolation for suspected cases and quarantine of contacts 
for 14 days, as well as prescribing over- the- counter medi-
cations, and referring cases with severe symptoms to dedi-
cated telemedicine services. At the time of the study, 750 
volunteers, hereafter referred to as community health 
workers, within 465 community support teams were oper-
ating across under- represented vulnerable communities 
in Dhaka.

Between 19 May 2021 and 11 July 2021, study partici-
pants (n=1240) were recruited from low- income commu-
nities in Dhaka by a subset of community health workers 
(n=60, split into 30 teams of two persons) who had been 
trained in sample collection and testing by medical tech-
nologists. This subset of community health workers were 
selected by their line managers based on their perfor-
mance within the community support teams, where they 
carry out syndromic surveillance to identify suspected 
COVID- 19 cases and refer them for support. They 
primarily operated in 15 wards within both the Dhaka 
North and Dhaka South City Corporations, but some-
times travelled to neighbouring wards when potential 
COVID- 19 cases were identified. At that time community 
health workers were primarily identifying cases through 
systematic searches within their communities. Commu-
nity members aged 16 years or older with no previous 
medical history of bleeding disorders were considered 
eligible for the study.

Once the study began, index participants were consid-
ered eligible for recruitment if, on screening by the 
community health worker (guided by a mobile phone 
application), they were suspected to have COVID- 19 
infection because they reported with a fever (>38℃ 
or >37.5℃ following use of antipyretics) or a history of 
fever and had one or more of the following symptoms: 
difficulty breathing, cough, diarrhoea, headache, loss of 
smell, loss of taste, muscle pain, red eyes, runny nose, 
sore throat, tiredness, vomiting or a wet cough. Partici-
pants were then recruited if they consented to be tested. 
In each household, these suspected COVID- 19 cases 
(index participants) were tested by the community health 
workers using rapid antigen tests, and then up to two 
additional household members, regardless of symptoms, 
were tested. These additional household members were 
recruited if they met the eligibility criteria (aged 16 or 
older and no history of bleeding disorder) and were avail-
able in the household at the time of testing, with those 
who had most contact with the index cases prioritised for 
selection. Community health workers uploaded partici-
pants’ metadata, including their age, gender and symp-
toms as well as rapid antigen test results (see below), to a 
centralised database via the mobile application. Methods 
are described in further detail by Chadwick et al.14

From each participant, two mid- turbinate nasal swabs 
from both nostrils, as well as two oropharyngeal (OP) 
swabs, and raw saliva were collected. One nasal and 
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OP swab was pooled to create one sample for RT- PCR 
following protocols described by Vogels et al.15 Combining 
nasal and OP swabs for RT- PCR was the standard guide-
line followed at Bangladesh’s Institute of Epidemiology, 
Disease Control and Research (IEDCR). The swabs were 
sent to IEDCR for RT- PCR testing via cold storage, with 
samples for RT- PCR testing returned immediately using 
dedicated transportation. The nasal and saliva samples 
were tested independently with rapid antigen tests (SD 
Biosensor STANDARD Q COVID- 19 Ag Test BioNote) 
in the household. Details of the sample collection and 
testing procedure described in online supplemental file 
1.

In the pilot phase of the study, we evaluated the perfor-
mance of OP, nasal and saliva swabs among symptomatic 
cases, which showed the performance of OP swabs slightly 
better than the nasal swabs. However, there were concerns 
of injury during OP swabs collected by the community 
health workers, so the rapid antigen tests were only 
performed on nasal and saliva swabs. The manufacturer 
reports that the STANDARD Q COVID- 19 Ag Nasal Home 
Test has a sensitivity of 94.94% (75/79) and specificity of 
100% (217/217)16 and that the STANDARD Q COVID- 19 
Ag Saliva Home Test has a sensitivity of 94.74% (18/19) 
and a specificity of 100% (73/73).17 In clinical settings, 
the nasal test has a lower sensitivity (66.7% to 100%), but 
high kappa values (0.92 to 0.852).18 Similarly, the saliva 
test has a lower sensitivity (66.1%), but high specificity 
(99.6%) in clinical settings.19

All participants provided written informed consent for 
the health screening, collection of personal information 
and samples, and test results to be analysed in the study.

Patient and public involvement
Participants were not involved in setting the research 
question or the outcome measures, but participants 
and their family members were intimately involved in 
the design and implementation of the study. During 
consultation in the design phase of the study, community 
members expressed their preference to be tested in their 
homes in preference to in a community gathering place. 
The index patient and their family members received 
their COVID- 19 test results from their trusted community 
healthcare workers. They were also advised on isolation 
and quarantine measures, and they were connected with 
Government’s telemedicine services when they needed.

Statistical analysis
We assessed the distribution of patient age and sex by the 
numbers of participating household members using mean 
(SD) and counts (percentages) for continuous and cate-
gorical variables, respectively. We estimated test sensitivity 
specificity, positive predictive values (PPV), negative predic-
tive values (NPV) and accuracy of rapid antigen tests with 
their 95% exact binomial CIs for all samples from index 
cases, according to sample type.20 We further compared the 
sensitivity and specificity of the rapid antigen tests on each 
swab type and pooled, against RT- PCR, and results were 
further stratified by the numbers of additional household 
members tested. We compared group differences using 
Analysis of Variance (ANOVA) and χ2 tests as appropriate.

To examine how the use of community health workers 
could affect testing capacity we examined changes in 
the modality of sample collection and testing over time 
at IEDCR, corresponding to the training of community 
health workers for this study. Finally, we compared the 
expected number of positive COVID- 19 diagnoses if 
RT- PCR testing was replaced with rapid antigen testing, 
based on our estimates of test sensitivity. For this hypo-
thetical comparison we assume a constrained diagnostic 
testing budget and a cost of US$5 per rapid antigen test vs 
US$30 per RT- PCR laboratory diagnosis and we explored 
a range of prevalence levels within the community.

All analyses were undertaken in R Statistical Software 
(V.4.0.02)21 and EpiR R package (V.2.0.39).22 All data for 
the results presented in this paper is available in a reposi-
tory accessible to the public.23

RESULTS
During the study period, 1240 subjects consented to partic-
ipate in the study. Of these subjects, 17 were excluded from 
the analyses due to missing information on the clinical 
definition used to diagnose a suspected case of COVID- 19 
(N=9, 0.7%), invalid results from rapid antigen tests on 
saliva samples or nasal swabs (4, 0.3%), or missing or 
invalid RT- PCR results (N=4, 0.3%). Table 1 shows the sex 
and age distribution of the participants by index person 
(N=1223), first additional household member (N=710) 
and second additional household member (N=283)

Rapid antigen tests performed better on nasal than saliva 
samples
The PPV and NPV of rapid antigen tests on nasal swabs 
and saliva samples are shown in table 2 and figure 1 (red 

Table 1 Demographic characteristics of the study participants

Index person (N=1223)
Second household 
member (N=710)

Third household 
member (N=283) Total (N=2216)

Sex* Female 575 (47.0%) 397 (55.9%) 151 (53.4%) 1123 (50.7%)

Male 640 (52.3%) 312 (43.9%) 132 (46.6%) 1084 (48.9%)

Age* Mean (SD) 36.522 (14.2) 36.784 (14.42) 34.735 (15.4) 36.377 (14.48)

*Totals may not add up because of missing values.
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bars). Of all subjects with complete test results (N=1223), 
291 were RT- PCR positive on pooled OP and nasal 
samples. Of these, 198 were rapid antigen test positive 
by nasal swab and 118 were rapid antigen test positive by 
saliva only sample. Therefore, the overall sensitivity of 
rapid antigen testing on nasal samples was 0.68 (95% CI 
0.62 to 0.73) and on saliva samples was 0.41 (95% CI 0.35 
to 0.46). Saliva samples picked up some RT- PCR- positive 
subjects who were not positive in the nasal swab (n=22), 
and vice versa (n=102). Specificity of nasal swabs (0.98, 
95% CI 0.97 to 0.99) was also higher than saliva samples 
(0.87, 95% CI 0.85 to 0.90). The overall accuracy of rapid 
antigen tests on nasal swabs was higher (0.91 vs 0.76) 
compared with accuracy on saliva samples (table 2).

The probability of a false negative rapid antigen test 
(ie, discordant with a positive RT- PCR test) increased 
with the number of days between self- reported symptom 
onset and testing, and very few false negatives occurred 

within the first 3 days of symptoms (figure 2). However, 
our sample size (55 false negative rapid antigen tests from 
736 test results with self- reported symptoms onset date) 
was too small for rigorous quantitative analysis of this 
relationship.

Testing additional household members only marginally 
increases sensitivity but decreases specificity
The sensitivity of rapid antigen tests on nasal swabs 
increased from 0.68 (95% CI 0.62 to 0.73) when only the 
index person was tested, to 0.70 (95% CI 0.65 to 0.76) when 
an additional household member was tested (figure 1, 
green bars) and to 0.71 (95% CI 0.65 to 0.76) when a 
second household member was also tested (figure 1, blue 
bars), although it should be noted that only a subset of 
households had additional members available for testing 
at the time of community health worker visits. With this 

Table 2 Performance of rapid antigen tests compared with 
RT- PCR, among all index household members tested

Nasal sample Saliva sample

PCR +PCR—total PCR +PCR—total

RAT +198 21 219 RAT +118 117 235

RAT—93 911 1004 RAT—173 815 988

Total 291 932 1223 Total 291 932 1223

Sensitivity 0.68 (0.62 to 0.73) 0.41 (0.35 to 0.46)

Specificity 0.98 (0.97 to 0.99) 0.87 (0.85 to 0.90)

PPV 0.90 (0.86 to 0.94) 0.50 (0.44 to 0.57)

NPV 0.91 (0.89 to 0.92) 0.82 (0.80 to 0.85)

Accuracy 0.91 (0.89 to 0.92) 0.76 (0.74 to 0.79)

The total sample size was 1223 index subjects, 95% CIs are 
shown in brackets.
NPV, negative predictive value; PPV, positive predictive value; RAT, 
rapid antigen test; RT- PCR, Reverse transcription polymerase 
chain reaction .

Figure 1 Sensitivity (left) and specificity (right) of rapid antigen testing compared with RT- PCR, when 1 (index person), 2 or 3 
members of the same household are tested. RT- PCR, Reverse Transcription Polymerase Chain Reaction.

Figure 2 The percentage of false negative rapid antigen 
test results given a positive RT- PCR increases with days from 
self- reported symptom onset. RT- PCR, Reverse Transcription 
Polymerase Chain Reaction.
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gain in sensitivity, there was a corresponding drop in 
specificity with additional household members, from 0.98 
(95% CI 0.97 to 099) to 0.96 (95% CI 0.94 to 0.97) for two 
additional members tested (figure 1). Similarly, sensitivity 
of rapid antigen testing on saliva samples increased from 
0.42 (95% CI 0.35 to 0.46) to 0.48 (95% CI 0.42 to 0.54) 
with two additional household members tested, although 
there was a corresponding drop in specificity from 0.87 
(95%CI 0.85 to 0.90) to 0.82 (95% CI 0.79 to 0.84). 
Testing both sample types also yielded a modest increase 
in sensitivity but a large drop in specificity (figure 1).

Community health workers achieved higher testing coverage 
than routine laboratory testing coverage
During the validation phase of this study between 19 
May 2021 and 11 July 2021, community health workers 
collected 73% of the samples from these low- income 
communities that were tested at IEDCR (figure 3). Based 
on the increase in testing volume in these communities 
and the self- reported experiences of the community 
health workers involved in this work, we deduced that 
testing at household level promotes testing. Indeed, the 
willingness of symptomatic individuals to be tested more 
than doubled, when testing was offered in people’s homes 
by the community health workers, in comparison to when 
community health workers offered free testing the next 
day by medical technologists, which was also in people’s 
homes or at designated local test points.

Shortly after the study began, the Delta variant 
swept across Bangladesh, and by late June community 
workers were collecting around 90% of samples in these 

communities as case numbers surged. The community 
health workers trained to collect samples for this study 
continued to collect samples for IEDCR as part of their 
routine RT- PCR surveillance during this third wave of 
infection (figure 3). This period of implementation 
demonstrated that community health workers can collect 
and test over four times more households compared with 
the standard approach of community testing (figure 3), 
which relies on follow- up visits by medical technologists 
the day after symptomatic households are identified by 
community health workers. Assuming a constrained diag-
nostic testing budget and a cost of US$5 per rapid diag-
nostic test and of US$30 per RT- PCR laboratory diagnosis, 
we calculate that household (rapid antigen) testing would 
detect four times more cases than laboratory (RT- PCR) 
testing as shown in figure 4, despite its lower sensitivity, 
under a range of prevalence levels (from <0.05 to >0.4, ie, 
spanning the range of test positivity reported from Dhaka 
in 2021).

DISCUSSION
We evaluated the performance of rapid antigen testing 
on nasal and saliva samples collected by community 
health workers at the household level in low- income 
communities across Dhaka, Bangladesh. We estimated 
that rapid antigen tests on nasal swabs had moderate 
sensitivity and high specificity as expected in a commu-
nity setting. We also found that testing additional house-
hold members increased the sensitivity of detection of 

Figure 3 IEDCR sample collection and testing in Dhaka from May to September 2021. Routine sample collection by IEDCR 
from low- income communities in Dhaka where the community support teams operate. Sample collections by medical 
technologists (MT)are shown in grey. The period of rapid antigen testing is indicated, with samples collected for rapid testing 
in households shown in red (RDT). The subsequent collection of samples by community health workers for RT- PCR testing 
during the surge of infection driven by the Delta variant is shown in orange. A marked dip in testing in late July corresponded to 
a religious festival (Eid Al- Adha). IEDCR, Institute of Epidemiology, Disease Control and Research; RDT, rapid antigen test. RT- 
PCR, Reverse Transcription Polymerase Chain Reaction. CST, Community Support Teams
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COVID- 19 infection only marginally, but decreased spec-
ificity. This study capitalised on a network of community 
volunteers who were initially trained to clinically assess 
individuals reporting COVID- 19 symptoms as part of the 
crisis response and demonstrated that community health 
workers can administer rapid antigen tests effectively and 
achieve high coverage in community settings. Our results 
support recommendations for scaling up rapid testing as 
part of the COVID- 19 response in low- resource settings.

Our report of the superior performance of rapid 
antigen tests on nasal samples compared with saliva 
samples confirms the existing literature from clinical 
and laboratory settings.24 A recent study reported poor 
concordance between nasopharyngeal swab specimens 
and saliva samples (75.9%, kappa coefficient 0.310).25 

However, a meta- analysis examining the performance 
of RT- PCR concluded that saliva samples were as sensi-
tive as nasopharyngeal swabs.26 27 A likely explanation for 
the lower sensitivity of rapid antigen tests on saliva could 
be due to lower viral load, which would have less impact 
with RT- PCR.28 A study on the diagnostic accuracy of 
rapid antigen tests conducted at testing sites in the Neth-
erlands found that their sensitivity increased from 60% 
to 85% after applying a viral load cut- off as a proxy for 
infectiousness.29 The performance of rapid antigen tests 
further depends on the virus variant, with a higher viral 
load reported in saliva for the Beta variant compared 
with others.30 Although saliva samples have advantages 
including easier administration (typically self- collected 
for testing in many high- income settings), being less inva-
sive, and causing minimal discomfort,31 we confirm the 
superiority of nasal swabs in terms of sensitivity and speci-
ficity, at least for the Delta variant, which was most preva-
lent in Dhaka during our study.32

Our estimate of rapid antigen test sensitivity on nasal 
samples (68%) is comparable to that reported by Cerruti 
et al (70.6 %) from a mix of symptomatic and asymptom-
atic participants.33 Estimates of sensitivity reported by the 
manufacturer and by studies conducted among symptom-
atic patients at the point of care are, however, much higher 
than in our report. SD biosensor, the manufacturer of the 
STANDARD Q COVID- 19 Ag Nasal Home Test reports 
a sensitivity of 94.94%,16 and an SD biosensor rapid 
antigen test had a sensitivity of 89.0% at a point- of- care 
community- based testing centre, where the vast majority 
of the patients were symptomatic (97.8%).34 Higher 
sensitivity in laboratory and clinical settings is likely due 
to higher viral loads. Several prior reports including a 
recent meta- analysis confirmed that rapid antigen tests 
have their highest sensitivity in samples with high viral 
load (CT value <25)10 and therefore lower sensitivity is 
to be expected when testing in the community includes 
both individuals who are currently infectious as well as 
those who are recovering (figure 2).11 Moreover, a point- 
of- care rapid antigen test study found that when rapid 
antigen tests and RT- PCR results were discordant, SARS- 
CoV- 2 could not be cultured from the samples, suggesting 
that these patients were unlikely to be infectious.35 Thus, 
from a public health perspective, where curtailing disease 
transmission is the goal, only people with high viral loads 
need to be detected as they are capable of transmitting 
the disease to others.4 36 Rapid antigen tests are better 
suited to screening for people with high viral loads, the 
population which poses the greatest risk for the commu-
nity. This combined with their reduced costs, logistics 
and speed of turnaround makes them advantageous for 
supporting the rapid and effective implementation of 
targeted prevention measures.

To the best of our knowledge, this is the first study to 
report on the performance of rapid antigen testing at the 
household level. The hypothesis that testing of additional 
household members could improve sensitivity was moti-
vated by the previous report of higher sensitivity achieved 

Figure 4 Comparison of positive cases confirmed by rapid 
antigen testing versus RT- PCR under a specified diagnostic 
testing budget. We assume that the per cost test of rapid 
antigen tests (RDT) is US$5 and of RT- PCR is US$30, and 
the overall testing budget is US$10 000. Modelled results are 
shown for prevalence of 40% (test positivity exceeded 60% 
at the peak of the Beta and Delta waves) and of 5% (test 
positivity rarely dropped below 5% in 2021). Test results are 
shown based on the estimated rapid antigen test sensitivity 
and specificity that we reported for testing index cases. RT- 
PCR, Reverse Transcription Polymerase Chain Reaction.
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in flock- based testing in animals.37 For highly pathogenic 
avian influenza H5N1 in backyard poultry flocks, Robyn 
et al38 demonstrated that combining a standard case defi-
nition with one or more rapid antigen tests can increase 
the sensitivity of case detection to closer to that of the 
gold standard RT- PCR while maintaining specificity. 
Depending on the prevalence of COVID- 19 cases in the 
community, testing additional household members may 
slightly improve sensitivity. However, this strategy will 
incur higher costs as well as a greater workload for the 
community health workers. Overall, our findings under-
score the importance of testing symptomatic patients in 
the community.

A limitation of our study is the lack of data on CT values 
which precluded evaluation of the performance of rapid 
antigen tests according to viral load (with CT values as a 
proxy). The higher sensitivity and specificity in samples 
with high viral load have been confirmed in several prior 
studies.4 11 Recent reports indicate that a large propor-
tion of asymptomatic COVID- 19 cases also have high viral 
load.39 40 Since the eligibility criteria to be an index partic-
ipant in our study included presence of fever and other 
covid- like symptoms, the estimates of sensitivity and spec-
ificity from our study are not generalisable to asymptom-
atic cases. Another limitation is that while we found that 
the probability of false negative results increases as the 
duration of symptoms increases, our sample size (55 false 
negative rapid antigen tests from 736 test results with self- 
reported symptoms onset date) was too small for rigorous 
quantitative analysis of this relationship. Finally, our study 
was conducted during a period of high COVID- 19 trans-
mission in the community and the index participants 
were symptomatic, indicating a high pretest probability, 
which impacts the PPV and NPV of a test. Therefore, the 
PPV and NPV in other settings will differ depending on 
the pretest probability, and the accuracy of rapid tests 
will also vary with the quality of the training provided to 
community health workers and their supervision.

Our study was conducted in a low- resource community 
setting among a large sample of subjects (n=1240) with 
all specimens collected by community health workers. 
These communities are underserved by routine testing 
procedures in Bangladesh, which require that individuals 
visit a testing facility and pay for a test (US$15–US$50 for 
a RT- PCR with results returned 2–5 days later and more 
recently US$5–US$10 for a rapid antigen test). During 
the peak of the pandemic, to access care for complica-
tions due to COVID- 19 patients were required to present 
a positive test result, and those requiring non- COVID- 19 
care were required to present with a negative test, 
affecting the care that individuals could access. Commu-
nity health workers helped to improve a critical gap in 
access to testing, which increased the number of people 
tested from these communities. Moreover, people in 
these communities were keen to be tested as results were 
returned immediately in the privacy of their own house-
hold. Additionally, familiarity and trust of the community 
health workers likely contributed to people’s willingness 

to be tested. During the rapid antigen testing validation, 
the Delta variant began to surge in Dhaka, and commu-
nity health workers trained to collect samples as part of 
this study were deployed to continue sample collection 
for RT- PCR testing. In August 2021 community support 
teams supported by Food and Agriculture Organization 
(FAO) and United Nations Population Fund (UNFPA) 
collected over 80% of the samples from these communi-
ties that were tested at the national laboratory, IEDCR, 
during Bangladesh’s third wave, which was the largest 
peak experienced so far. Sample collection by community 
health workers proved more efficient and acceptable in 
these communities and meant that IEDCR was better able 
to meet testing demand at this critical time.

During the COVID- 19 pandemic, many LMIC govern-
ments have established community health worker 
programmes to support diagnostic testing, treatment, 
immunisation and contact tracing.41 Global initiatives 
have sought to reduce the costs of rapid antigen tests for 
COVID- 19 to below US$5 each, with catalytic funding to 
guarantee prices for LMICs.12 27 Our study demonstrates 
that community health workers are capable of effective 
household- level rapid antigen testing in low- income 
communities in Dhaka. This provides an example that 
can be replicated in many community- based programmes 
in Bangladesh and other low- resource settings. Future 
research should evaluate the scalability of rapid testing 
deployed by community health workers to mitigate 
COVID- 19 in LMIC communities.
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Overall procedure 
 

1. CSTs will follow their normal routine aiming to find potential virus fighters (PVFs). Once the PVF 
is found, the CST will perform PVF screening (follow SOP 03) and, if appropriate, VVF screening 
(follow SOP 05) for verified virus fighter (VVF) identification. 

2. If the VVF is found, the team should provide regular support. The VVF and 2 additional household 
(HH) members (if present) should be informed about the study and the written consent must be 
obtained before any sample collection. 

3. During sample collection and rapid antigen testing the CST team will share responsibilities. 
- CST1 will be collecting rapid test samples (step1) and sample for PCR test (step2) as well 

as the metadata using the IEDCR app 
- CST2 will perform rapid antigen tests on samples collected by CST1. CST2 will also enter 

corresponding data into the electronic Kobo forms 
4. First, CST1 will collect saliva samples and nasal swabs from all 3 household members (6 samples 

in total) 
5. CST1 will pass the samples (labelled with barcodes and indicating sample type) to CST2 who will 

perform rapid antigen tests (follow instructions below) 
6. While the rapid tests run, CST1 will collect 3 additional samples for PCR (for the VVF and each of 

the additional HH members) and collect all necessary information (metadata). 
7. When the results of rapid test are visible - CST2 will fill out the Kobo form 
8. If the rapid test is positive for any of the HH members the household should be instructed to self-

isolate . If the rapid test is negative for all HH members the household should also be instructed 
to quarantine until PCR results are sent ( by SMS) and only if the negative result is confirmed  can 
they stop quarantine after 14 days from last exposure . 
 

TIMELINE: after VVF is identified sample collection will follow the workflow: 

 

Pre-Requisites 
Fifteen (15) MTs will be hired and trained for this phase of the study. Their primary role will be assisting 
and mentoring CSTs in their activities. After one month of working together the CSTs should gain sufficient 
confidence to collect samples independently. 
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IEDCR's Medical Technologist (MT) will join a CST team (two CST members). CST will follow their daily 
routine finding PVFs and identifying VVFs by following their SOPs. Once the VVF is identified rapid antigen 
tests will be performed by the CSTs (on saliva sample and on nasal swab). Additionally, CSTs will collect 
PCR samples to be tested at the IEDCR and all necessary metadata. 

The MT MUST NOT interfere with CST activities. MT should ensure all samples are collected properly. MT 
should be a mentor for the CSTs, whose aim is to become independent after one month's time period. MT 
can advise the CST on rapid antigen results interpretation but MUST NOT perform the test. 

Considering that the above prerequisites are met, the rest of this document describes the step-by-step 
procedures for the CSTs and MTs to collect, record, store, transport, and test the samples as well as report 
the results. In this document, subjects requesting a test will be referred to as patients, while the patients 
testing positive with RT-PCR for COVID-19 will be referred to as cases. 

 

Preparation 
Preparation 
Before leaving for sample collection, the MTs/CSTs will collect the following from the IEDCR office.  

□ 
 

Eight (8) printed copies of seven (7) digit barcode 
labels for each allocated patient (1 for labeling the 
Viral transporting medias (VTMs) for PCR testing, 3 for 
the saliva collection tube, extraction buffer tube 
(salive to be added into) and the corresponding saliva 
rapid test, 2 for the nasal swab extraction buffer tube 
and the corresponding rapid antigen test, 2 for the 
informed consent forms) 

□ 
 

Informed consent forms to get the patient’s consent. 
Put a barcode label on the top right corner of the 
form. 

□ 
 

Sealed PPEs (1 for attending each patient) 
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□ 
 

Disposable masks 

□ 
 

Disposable gloves 

□ 
 

Face shield 

□ 
 

Disinfectant  

□ 
 

Biohazard bag for disposal of used PPEs, gloves, masks 

□ 
 

A digital tab for inserting the patients' information 
into the app 

□ 
 

VTMS 

□  marker for labeling VTMs, tubes and rapid tests 
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□ 
 

Nasal and throat swab collectionkits 

□ 
 

Saliva collection kits (screw cap container) 

During the household visit the CST team will follow their routine and perform the following activities: 

●       PVF screening 
●       VVF iden fica on  

 
If the PVF (one per HH) is identified as VVF the CST1 will collect their saliva and nasal swab samples and 
perform rapid antigen tests. In addition, the CST will collect PCR samples (O+N swabs). Rapid antigen and 
PCR samples will be collected from additional two members of the household who are present during the 
visit (giving priority to those with any covid-like symptoms and/or to those with being the closest contacts 
of the VVF). 

Explaining the study and collecting the consent 

□ 
CST will inform that this is a routine test from IEDCR to identify covid-19 cases. In 
addition to the routine nasal and throat samples (PCR), two more samples will be 
collected: nasal sample and saliva sample 

□ 
Notify that the participation is voluntary. If a patient refuses to participate/give 
additional samples, the routine sample collection procedure will be carried out and all 
information will be collected in the IEDCR case selection app in the digital tab. 

□ Notify that the collection of biospecimens does not pose any potential safety risk. 

□ Notify that these tests do not usually hurt but may cause a little discomfort.  

□ Notify that the maintenance of data confidentiality will be strictly followed, and 
restrictions on access to data forms will be ensured. 
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□ 
Notify that the patient will be informed about the PCR result by text message or 
email. 

If the rapid test is positive for any of the HH members the household should be 
instructed to quarantine. If the rapid test is negative, the household should be 
instructed to self-isolate until  PCR results are sent ( by SMS) and only if all are negative 
can they stop isolation. 

 

 

Labelling sample collection tubes and tests 
After obtaining the consent, CST2 will label 

- 1,2 or 3 (depending on number of HH members to be tested) rapid antigen tube/s (extraction 
buffer tube/s) with different barcodes.And also label the tube/s with “+S” (which refers to saliva 
sample).  

- Appropriate number of rapid antigen tubes (extraction buffer tubes) with the corresponding 
barcodes. And also label the tube/s with “+N” (which refers to nasal sample). 

- Same number of falcon tubes (large ones for saliva collection) with the corresponding barcodes 
- Same number of  VTMs (for PCR sample collection) with the corresponding barcodes 
- The sample collection tubes with the VVF’s and HH members’ names to prevent any confusion.  
- Using corresponding barcodes rapid antigen tests will be labelled as well (adding S for saliva and 

N for nasal swab sample) 

 

PPE 
CST1 and CST2 will now 

□ disinfect hands 

 

CST1 will wear the PPE from the sealed bag, disposable mask, and face shield.  
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□ PPE gown 

 

□ Surgical/N95 mask 

 
□ Disposable gloves 

 

□ Face shield or goggles 

 

 
Source: https://www.dph.illinois.gov/sites/default/files/COVID19/COVID19%20sample%20collection%20procedures_5.31.20.pdf 
https://www.who.int/csr/disease/plague/collecting-sputum-samples.PDF 
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Raw Saliva Sample Collection Protocol for 
Phase 2 (to be collected by CST1) 
 
CST1 should confirm that the patient had no food or drinks before sample collection. Ideally water should 
be avoided for 10 mins prior to collection and drinks/food/nasal sprays for half an hour before collection. 
While the patient is getting prepared for the process, CSTs will  prepare as well (see above). That way if 
the patient already had a meal, it will create a time difference for sample collection.  
 

Raw saliva sample collection instruction for CST 

The CST2 will hand in the falcon tube with pateind code (RAT 0XXX S) to CST1 for sample collection 

 

□ Instruct the patient to think about saliva inducing food 
such as tamarind and begin pooling saliva in their mouth, 
the patient can gently massage their cheeks to help the 
process. 

□ Request the patient not to cough and produce sputum in 
the mouth.  
 

□ Labelled (RAT0XXX S) sterile, leak-proof screw cap 
containers will be handled to the patient.  

□ Patient will be instructed to not to touch the inside of the 
container.  

 

□ Patient will be instructed to gently expel saliva into the 
container.  

 

□ Collect 1-5 mL of saliva.  
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□ Using an eyedropper collect ~350μl of saliva from the 
collection tube into the extraction buffer tube (kit) . Mix 
with an extraction buffer.  

 
 

 

□ Press the nozzle cap tightly onto the tube 

□ Hand the sample to CST2  to perform the test 
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Nasal Swab Sample Collection Protocol 
for Phase 2 (to be collected by CST1) 
 

Nasal sample collection (infographics showing Left Nasal sample collection) instruction for CST 

The CST2 will hand in the extraction buffer tube with patient code (RAT 0XXX N) to CST1 for sample 
collection 

 □ Take out the nasal mid-turbinate swab from 
the packet and keep the tube safely for the 
time being.  

□ Touch only the plastic shaft not the padded 
end.  

 

● Ask the patient to sit straight and tilt the head 
back (approximately 70 degree).  

 

● Insert the swab in the RIGHT  nasal spare 
parallel to the hard palate.   

● Resistance will be felt and that is the 
confirmation of reaching to the nasopharynx.  

 

● Once the swab is against the hard surface 
rotate it several times.  
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□ Make sure the tube is labelled correctly 
(RATXXX N, where the barcode corresponds to 
the right patient) 

□ Insert the swab into an extraction buffer tube. 
While squeezing the buffer tube, stir the swab 
more than 5 times. 

□ Remove the swab while squeezing the sides of 
the tube to extract the liquid from the swab. 

 

□ Press the nozzle cap tightly onto the tube. 

□ Sample to be handed to the CST2 

Image and Information Sources:  

 https://www.cdc.gov/coronavirus/2019-
ncov/downloads/lab/NMT_Specimen_Collection_Infographic_FINAL_508.pdf 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-060832:e060832. 12 2022;BMJ Open, et al. Sania A



Rapid antigen test and interpretation of 
the results (to be performed by CST2) 
 

 

● CST2 will apply 3 drops of extracted specimen to 
the specimen well of the test device 

● double check that the barcode on the tube and 
n the test is the same (!) 

● Read the test result in 15-30 minutes. 

Results Interpretation  

 

o Presence of a second colored band, “T” 
test line, in conjunction with the “C” 
Control line is always considered as 
positive. Even if the “T” test line is 
faint. 
 

o A colored band, control line (C), in the 
top section of the result window will 
appear in positive and negative test 
results.  
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o Presence of only the “C” control line 
without the “T” test line will be 
considered as negative.  

 

 

○ Absence of the control line in the top 
section will always consider the result as 
invalid.  

 

 

□ Once both tests are performed and the results are read, CST2 will use Kobo form to register the 
results, which will involve taking pictures of the tests with visible barcodes for the record. 
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PCR Sample Collection Protocol for Phase 
2 (to be collected by CST1) 
PCR sample contains two swabs (OP/throat and nasal),  collected into one VTM tube and transported to 
the IEDCR for PCR test. 

Demographic data 
Before sample collection, the CST1 will start collecting demographic information in the digital tablet. It is 
recommended that CST ensure social distance from the patients and keep wearing PPE the entire time 
during the data collection.  

Table: Procedure for inserting information in the digital tablet is as follows: 

□ Open the RAT study, IEDCR Case 
selection app in the tab. 

□ Start a new form. 

□ Enter the barcode. 

□ Collect and enter patient-specific 
information in the form. The form 
contains fields related to patient 
demography, list of symptoms, 
date of onset, and any other 
relevant information. See the 
screen shots of the form below. 

□ Make sure that all available 
information is collected from the 
patient and inserted into the form. 

 

 

STEP1: OP / Throat swab collection instruction for CST1 (see the infographic below) 

The CST2 will hand in the VTM with pateind code (RAT 0XXX) to CST1 for sample collection 

 

□ Take out one  swab from the packet and keep 
the tubes safely for the time being.  

□ Touch only the plastic shafts not the padded 
ends.  
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□ Ask the patient to sit straight and tilt the head 
back.  

□ Instruct the patient to widely open the mouth 
and say “Ahh…” 

□ If needed use a sterile tongue depressor to get a 
better view of the throat.  

 

 

□ Without touching the teeth, gum, tongue, or 
palate, insert the swabs together to the tonsil 
and posterior pharynx of any one side.  

□ Rub the swabs in the tonsillar area and posterior 
pharynx, rotate it for 2 times.   

 

□ After collecting the sample insert the swab into a 
separate VTMs, label with patient’s barcode 

□ Make sure the liquid transport medium covers 
the tip of the swabs.  

□ Break the swab shafts at the marking on the 
shaft.    

 

 

□ Screw the cap back on the test tube tightly. 

□ Keep the tube, waiting for inserting a nasal 
sample for the RT-PCR testing.    

 

 

STEP2: Nasal sample collection (infographics showing Left Nasal sample collection) instruction for CST1 
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 □ Take out the nasal mid-turbinate swab from 
the packet and keep the tube safely for the 
time being.  

□ Touch only the plastic shaft not the padded 
end.  

 

□ Ask the patient to sit straight and tilt the head 
back (approximately 70 degree).  

 

□ Insert the swab in the LEFT nasal spare parallel 
to the hard palate.   

□ Resistance will be felt and that is the 
confirmation of reaching to the nasopharynx.  

 

□ Once the swab is against the hard surface 
rotate it several times.  

 

□ Take out the swab from the left nose and insert 
the swab into the VTM labelled as "T+N" which 
already contains  the throat swab. 

□ Make sure the liquid transport medium covers 
the tip of the swabs.  

□ Break the swab shafts at the marking on the 
shaft.    

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-060832:e060832. 12 2022;BMJ Open, et al. Sania A



□ Screw the cap back on the test tube tightly. 

□ Keep the test tube in the storage box. This 
combined sample will go for RT-PCR testing 

□ Once the sample is collected, CST1 will check the box in the app (See example below). 

Specimen:  

□ Collected                   □ Not collected                                  

If collected mention type: 

□ Combined left nasal swab and throat swab              □ Nasal swab                    □ Saliva      

Image and Information Sources: https://www.cdc.gov/coronavirus/2019-
ncov/downloads/lab/NMT_Specimen_Collection_Infographic_FINAL_508.pdf 

Sample Store and Transport  
● All test tubes/vials to be stored in a Cold Box at 2-8C.  
● The samples to be returned to the IEDCR lab at the end of the day.  
● Upon return, the storage box will be handled by the lab technicians who run the PCR tests. 

 

□ Only the VTM with double 
swabs, labelled as "T+N",will 
go for the RT-PCR testing.  
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At the end of sample collection  
 

CSTs and MT should do the following: 

 

□ Discard the gloves. 

 

□ Disinfect the hands with the 
sanitizer. 

 

□ Before entering the transport, CST 
and MT will discard disposable 
masks, gloves, PPE in the 
biodegradable bag. Also disinfect 
hands as well as the face shield 
which will be used for the next 
visit.  

 

□ CST and MT must remember that 
the biodegradable bag needs to be 
destroyed in the designated place 
at the IEDCR office.  

 

Image and Information Sources: https://www.who.int/csr/disease/plague/collecting-sputum-samples.PDF 
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