University of @ G®
Cumbria &2

Sania, Ayesha ORCID: https://orcid.org/0000-0002-6445-9481 , Alam, Ahmed
Nawsher, Alamgir, A.S.M., Andrecka, Joanna, Brum, Eric ORCID:
https://orcid.org/0000-0002-0244-7178 , Chadwick, Fergus, Chowdhury, Tasnuva,
Hasan, Zakiul, Hill, Davina ORCID: https://orcid.org/0000-0001-9085-6192 ,
Khan, Farzana, Kundegorski, Mikolaj, Lee, Seonjoo ORCID:
https://orcid.org/0000-0003-3177-6357 , Rahman, @ Mahbubur  ORCID:
https://orcid.org/0000-0001-8577-8281 , Rayport, Yael K., Shirin, Tahmina,
Tasneem, Motahara and Hampson, Katie (2022) Rapid antigen testing by
community health workers for detection of SARS-CoV-2 in Dhaka, Bangladesh: a
cross-sectional study. BMJ Open, 12 (6). e060832.

Downloaded from: https://insight.cumbria.ac.uk/id/eprint/6487/

Usage of any items from the University of Cumbria’s institutional repository ‘Insight’ must conform to the
following fair usage guidelines.

Any item and its associated metadata held in the University of Cumbria’s institutional repository Insight (unless
stated otherwise on the metadata record) may be copied, displayed or performed, and stored in line with the JISC
fair dealing guidelines (available here) for educational and not-for-profit activities

provided that

« the authors, title and full bibliographic details of the item are cited clearly when any part
of the work is referred to verbally or in the written form

* a hyperlink/URL to the original Insight record of that item is included in any citations of the work
« the content is not changed in any way
« all files required for usage of the item are kept together with the main item file.
You may not
* sell any part of an item
« refer to any part of an item without citation
» amend any item or contextualise it in a way that will impugn the creator’s reputation
« remove or alter the copyright statement on an item.

The full policy can be found here.
Alternatively contact the University of Cumbria Repository Editor by emailing insight@cumbria.ac.uk.



http://www.ukoln.ac.uk/services/elib/papers/pa/fair/
mailto:insight@cumbria.ac.uk
http://insight.cumbria.ac.uk/legal.html#section5

Rapid antigen testing by community
health workers for detection of SARS-
CoV-2 in Dhaka, Bangladesh: a cross-

BM)J Open

To cite: Sania A, Alam AN,
Alamgir ASM, et al. Rapid
antigen testing by community
health workers for detection

of SARS-CoV-2 in Dhaka,
Bangladesh: a cross-

sectional study. BMJ Open
2022;12:¢060832. doi:10.1136/
bmjopen-2022-060832

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-060832).

Received 06 January 2022
Accepted 10 May 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY.
Published by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Ayesha Sania;
as4823@cumc.columbia.edu

sectional study

Ayesha Sania

," Ahmed Nawsher Alam,?> A S M Alamgir,>* Joanna Andrecka,’

Eric Brum,® Fergus Chadwick,® Tasnuva Chowdhury,® Zakiul Hasan,’

Davina L Hill
Mahbubur Rahman
Katie Hampson®

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% Cl 0.62 to 0.73) and 0.41 on saliva (95%
(1 0.35 to 0.46), with specificity also higher on nasal samples
(0.98,95%Cl 0.97 0 0.99) than saliva (0.87, 95%Cl 0.85

10 0.90). Testing up to two additional household members
increased sensitivity to 0.71 on nasal samples (95% CI 0.65

t0 0.76), but reduced specificity (0.96, 95%Cl 0.94 to 0.97).
Sensitivity on saliva rose to 0.48 (95% Cl 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

.6 Farzana Khan,” Mikolaj Kundegorski,® Seonjoo Lee,?®
. Yael K Rayport,"'® Tahmina Shirin,> Motahara Tasneem,’

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.

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."™ Rapid
antigen tests are a promising alternative, as
they are inexpensive, fast to perform (typi-
cally returning results within 15min), and
require only minimal technical skills and
infrastructure.” 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
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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.” 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)."" 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."'
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.” " 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°C
or >37.5°C 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.'*

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

2

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

“ybuAdoa Aq parosloid 1sanb Aq zz0z ‘S AInc uo /wod g uadolwgy/:dny woly papeojumod ‘ZZ0Z 2une T Uo ZE8090-2Z0z-uadolwag/9eTT 0T Se paysiignd 1si1 :uadoO rINg


http://bmjopen.bmj.com/

OP swab was pooled to create one sample for RT-PCR
following protocols described by Vogels ¢t al.'” 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)'° 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)."" In clinical settings,
the nasal test has a lower sensitivity (66.7% to 100%), but
high kappa values (0.92 to 0.852)."® 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.”’ 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 x” 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)*" and EpiR R package (V.2.0.39).%* All data for
the results presented in this paper is available in a reposi-
tory accessible to the public.”®

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
Second household Third household
Index person (N=1223) member (N=710) 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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Table 2 Performance of rapid antigen tests compared with
RT-PCR, among all index household members tested

Nasal sample

PCR +PCR—total
RAT +198 21 219
RAT—93 911 1004
Total 291 932 1223

Saliva sample
PCR +PCR—total
RAT +118 117 235
RAT—173 815 988
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 t0 0.79)

The total sample size was 1223 index subjects, 95% Cls are
shown in brackets.

NPV, negative predictive value; PPV, positive predictive value; RAT,
rapid antigen test; RT-PCR, Reverse transcription polymerase
chain reaction .

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

0.151

0.00; -.IIII
1 2 3 4 5 6

Days Since Symptom Onset

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.

o
o
o

False Negatives (%)
o
o
(&)}

within the first 3days 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, t0 0.70 (95% CI0.65 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
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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.
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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

gain in sensitivity, there was a corresponding drop in
specificity with additional household members, from 0.98
(95% CI10.97 to 099) t0 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
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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$10000. 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.

PCR

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.** A recent study reported poor
concordance between nasopharyngeal swab specimens
and saliva samples (75.9%, kappa coefficient 0.310).*

However, a meta-analysis examining the performance
of RT-PCR concluded that saliva samples were as sensi-
tive as nasopharyngeal swabs.?®?” 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.*® 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.” 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.® 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,?’1 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.*

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.” 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%,'® 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%).** 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)' 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)."" 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.”” 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.* *® 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
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in flock-based testing in animals.” For highly pathogenic
avian influenza H5N1 in backyard poultry flocks, Robyn
et al’® 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.

Alimitation 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. "' Recent reports indicate that a large propor-
tion of asymptomatic COVID-19 cases also have high viral
load.””*” 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 2-5days 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.’ 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."*?” 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.

Author affiliations

'Division of Developmental Neuroscience, Department of Psychiatry, Columbia
University Irving Medical Center, New York, New York, USA

2Department of Virology, Institute of Epidemiology Disease Control and Research,
Dhaka, Bangladesh

SDepartment of Entomology, Institute of Epidemiology Disease Control and
Research, Dhaka, Bangladesh

“Centre for Food and Waterborne Diseases, ICDDR,B, Dhaka, Bangladesh

SFood and Agriculture Organization of the United Nations, Dhaka, Bangladesh
SUniversity of Glasgow Institute of Biodiversity Animal Health and Comparative
Medicine, Glasgow, UK

"Department of Epidemiology, Institute of Epidemiology Disease Control and
Research, Dhaka, Bangladesh

®Division of Mental Health Data Science, New York State Psychiatric Institute, New
York, New York, USA

®Department of Biostatistics, Columbia University Mailman School of Public Health,
New York, New York, USA

'9Department of Neuroscience, New York State Psychiatric Institute, New York, New
York, USA

Twitter Davina L Hill @davina_hill

Acknowledgements The authors thank the Directorate General of Health Services
(DGHS), Bangladesh, and the Institute of Epidemiology Disease Control and
Research (IEDCR) for ongoing SAR-CoV-2 surveillance and prevention measures.
The Community Support Team intervention is funded by the World Bank, USAID,
and FCDO (UKAID). This multisectoral, collaborative initiative is led by the DGHS
with technical and operational support from several UN Organisations (FAO, UNFPA,
UNICEF, WFP), with community health workers and volunteers provided by NGOs
(BRAC) and civil society organisations (Youth Platform, Utshargo Foundation, Himu
Paribahan, CDP, Platform and Young Bangla). Additional technical support was
provided by national institutions such as a2i and icddr,b. We are extremely grateful
to the community support team workers who have volunteered throughout this
emergency, dedicating time and energy to provide support and response in these

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

“ybuAdoa Aq parosloid 1sanb Aq zz0z ‘S AInc uo /wod g uadolwgy/:dny woly papeojumod ‘ZZ0Z 2une T Uo ZE8090-2Z0z-uadolwag/9eTT 0T Se paysiignd 1si1 :uadoO rINg


https://twitter.com/davina_hill
http://bmjopen.bmj.com/

communities and without whom this study would not have been possible, as well
as to the Zonal Executive Officers, Ward Councilors, Chief Health Officers, Deputy
Chief Health Officers and other administrative members of Dhaka North and Dhaka
South City Corporations. The University of Glasgow LMICs COVID-19 working group
provided valuable feedback and discussion.

Contributors EB, AS and KH conceptualised and designed the study, and EB
secured funding. AS, EB, TS, ASMA, MR, ANA, FK and KH planned the study and
provided scientific, administrative and technical support during implementation
and data collection of the study. TC developed the standard operating procedures
for collection of the samples from the community. MK developed the data
collection tools and managed the data. JA coordinated activities, contributed in
data analysis, interpretation of results and drafting of the manuscript. MT led the
field implementation, and with ZH trained and supervised the community health
workers and provided technical support during data collection. AS wrote the

data analysis plan, and the first manuscript draft. SL conducted data analysis,
contributed in interpretation of results and revised the manuscript. YKR assisted
in literature reviews and manuscript drafting. KH, FC and DLH undertook the data
analysis, data interpretation and manuscript revisions. EB, KH and AS had full
access to all of the data in the study and took responsibility for the integrity of the
data and the accuracy of the data analysis. All authors reviewed and approved the
final manuscript. AS, EB, and KH accepts full responsibility for the work and/or the
conduct of the study, had access to the data, and controlled the decision to publish.

Funding The Bill & Melinda Gates Foundation (BMGF) funded work by FAO (INV-
022851) and UoG reports funding from Wellcome (207569/Z/17/Z to KH).

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Consent obtained from parent(s)/guardian(s)

Ethics approval This study involves human participants and was approved by
Institutional Review Board at the IEDCR, Ministry of Health, Bangladesh, [EDCR/
IRB/2021/04.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.

Data and code for replication of the study results are available from: https://zenodo.
org/badge/latestdoi/432151026.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Ayesha Sania http://orcid.org/0000-0002-6445-9481
Davina L Hill http://orcid.org/0000-0001-9085-6192
Mahbubur Rahman http://orcid.org/0000-0001-8577-8281

REFERENCES

1 Brihn A, Chang J, OYong K, et al. Diagnostic performance of an
antigen test with RT-PCR for the detection of SARS-CoV-2 in a
hospital setting - Los Angeles County, California, June-August 2020.
MMWR Morb Mortal Wkly Rep 2021;70:702-6.

2 Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance
2020;25:2000045.

3 Kucirka LM, Lauer SA, Laeyendecker O, et al. Variation in false-
negative rate of reverse transcriptase polymerase chain reaction-

based SARS-CoV-2 tests by time since exposure. Ann Intern Med
2020;173:262-7.

4 Larremore DB, Wilder B, Lester E, et al. Test sensitivity is secondary
to frequency and turnaround time for COVID-19 screening. Sci Adv
2021;7:eabd5393.

5 World Health Organization. Antigen-detection in the diagnosis of
SARS-CoV-2 infection using rapid immunoassays: interim guidance,
2020.

6 Krittgen A, Cornelissen CG, Dreher M, et al. Comparison of the
SARS-CoV-2 rapid antigen test to the real StAR Sars-CoV-2 RT PCR
kit. J Virol Methods 2021;288:114024.

7 Hirotsu Y, Maejima M, Shibusawa M, et al. Comparison of automated
SARS-CoV-2 antigen test for COVID-19 infection with quantitative
RT-PCR using 313 nasopharyngeal swabs, including from seven
serially followed patients. Int J Infect Dis 2020;99:397-402.

8 Pilarowski G, Lebel P, Sunshine S, et al. Performance characteristics
of a rapid severe acute respiratory syndrome coronavirus 2 antigen
detection assay at a public Plaza testing site in San Francisco.

J Infect Dis 2021;223:1139-44.

9 Pray IW, Ford L, Cole D, et al. Performance of an antigen-based
test for asymptomatic and symptomatic SARS-CoV-2 testing at two
University Campuses - Wisconsin, September-October 2020. MMWR
Morb Mortal Wkly Rep 2021;69:1642-7.

10 BrUimmer LE, Katzenschlager S, Gaeddert M, et al. Accuracy of novel
antigen rapid diagnostics for SARS-CoV-2: a living systematic review
and meta-analysis. PLoS Med 2021;18:e1003735.

11 Petersen |, Crozier A, Buchan I, et al. Recalibrating SARS-CoV-2
antigen rapid lateral flow test relative sensitivity from validation
studies to absolute sensitivity for indicating individuals shedding
transmissible virus. Clin Epidemiol 2021;13:935-40.

12 David N, Mash R. Community-based screening and testing for
coronavirus in Cape Town, South Africa: short report. Afr J Prim
Health Care Fam Med 2020;12:3.

13 Bezbaruah S, Wallace P, Zakoji M, et al. Roles of community health
workers in advancing health security and resilient health systems:
emerging lessons from the COVID-19 response in the south-east
Asia region. WHO South-East Asia J Public Health 2021;10:41.

14 Chadwick F, Clark J, Chowdhury S. Combining rapid antigen testing
and syndromic surveillance improves community-based COVID-19
detection in low-to-middle-income Countries 2022.

15 Vogels CBF, Brito AF, Wyllie AL, et al. Analytical sensitivity and
efficiency comparisons of SARS-CoV-2 RT-gPCR primer-probe sets.
Nat Microbiol 2020;5:1299-305.

16 SD Biosensor | Products. Available: https://www.sdbiosensor.
com/product/main?bcode=11&bscode=COVID-19%20Products
[Accessed 4 Oct 2021].

17 SD Biosensor | Products. Available: https://www.sdbiosensor.com/
product/product_view?product_no=236 [Accessed 14 Oct 2021].

18 Ristié M, Nikoli¢ N, Cabarkapa V, et al. Validation of the STANDARD
Q COVID-19 antigen test in Vojvodina, Serbia. PLoS One
2021;16:€0247606.

19 lIgloi Z, Velzing J, Huisman R, et al. Clinical evaluation of the SD
biosensor SARS-CoV-2 saliva antigen rapid test with symptomatic
and asymptomatic, non-hospitalized patients. PLoS One
2021;16:€0260894.

20 Collett D. Modelling binary data. Boca Raton Florida: Chapman and
Hall/CRC, 2002.

21 R Core Team. R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing,
2021. https://www.R-project.org/

22 Stevenson M, Sergeant E. epiR: tools for the analysis of
epidemiological data, 2021.

23 Hampson K. BGD CST rapid antigen testing, 2022. Available: https://
zenodo.org/record/6416157#.Yosp46hBwdU

24 Nagura-lkeda M, Imai K, Tabata S, et al. Clinical evaluation of self-
collected saliva by quantitative reverse transcription-PCR (RT-qPCR),
direct RT-gPCR, reverse transcription-loop-mediated isothermal
amplification, and a rapid antigen test to diagnose COVID-19. J Clin
Microbiol 2020;58:€01438-20.

25 Uwamino Y, Nagata M, Aoki W, et al. Accuracy of rapid antigen
detection test for nasopharyngeal swab specimens and saliva
samples in comparison with RT-PCR and viral culture for SARS-
CoV-2 detection. J Infect Chemother 2021;27:1058-62.

26 Lee RA, Herigon JC, Benedetti A, et al. Performance of saliva,
oropharyngeal swabs, and nasal swabs for SARS-CoV-2 molecular
detection: a systematic review and meta-analysis. J Clin Microbiol
2021;59:e02881-20.

27 Bastos ML, Periman-Arrow S, Menzies D, et al. The sensitivity
and costs of testing for SARS-CoV-2 infection with saliva versus
nasopharyngeal swabs: a systematic review and meta-analysis. Ann
Intern Med 2021;174:501-10.

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

“ybuAdoa Aq parosloid 1sanb Aq zz0z ‘S AInc uo /wod g uadolwgy/:dny woly papeojumod ‘ZZ0Z 2une T Uo ZE8090-2Z0z-uadolwag/9eTT 0T Se paysiignd 1si1 :uadoO rINg


https://zenodo.org/badge/latestdoi/432151026
https://zenodo.org/badge/latestdoi/432151026
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6445-9481
http://orcid.org/0000-0001-9085-6192
http://orcid.org/0000-0001-8577-8281
http://dx.doi.org/10.15585/mmwr.mm7019a3
http://dx.doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://dx.doi.org/10.7326/M20-1495
http://dx.doi.org/10.1126/sciadv.abd5393
http://dx.doi.org/10.1016/j.jviromet.2020.114024
http://dx.doi.org/10.1016/j.ijid.2020.08.029
http://dx.doi.org/10.1093/infdis/jiaa802
http://dx.doi.org/10.15585/mmwr.mm695152a3
http://dx.doi.org/10.15585/mmwr.mm695152a3
http://dx.doi.org/10.1371/journal.pmed.1003735
http://dx.doi.org/10.2147/CLEP.S311977
http://dx.doi.org/10.4102/phcfm.v12i1.2499
http://dx.doi.org/10.4102/phcfm.v12i1.2499
http://dx.doi.org/10.4103/2224-3151.309872
http://dx.doi.org/10.1038/s41564-020-0761-6
https://www.sdbiosensor.com/product/main?bcode=11&bscode=COVID-19%20Products
https://www.sdbiosensor.com/product/main?bcode=11&bscode=COVID-19%20Products
https://www.sdbiosensor.com/product/product_view?product_no=236
https://www.sdbiosensor.com/product/product_view?product_no=236
http://dx.doi.org/10.1371/journal.pone.0247606
http://dx.doi.org/10.1371/journal.pone.0260894
https://www.R-project.org/
https://zenodo.org/record/6416157#.Yosp46hBwdU
https://zenodo.org/record/6416157#.Yosp46hBwdU
http://dx.doi.org/10.1128/JCM.01438-20
http://dx.doi.org/10.1128/JCM.01438-20
http://dx.doi.org/10.1016/j.jiac.2021.04.010
http://dx.doi.org/10.1128/JCM.02881-20
http://dx.doi.org/10.7326/M20-6569
http://dx.doi.org/10.7326/M20-6569
http://bmjopen.bmj.com/

28

29

30

31

32

33

34

Procop GW, Shrestha NK, Vogel S, et al. A direct comparison

of enhanced saliva to nasopharyngeal swab for the detection

of SARS-CoV-2 in symptomatic patients. J Clin Microbiol
2020;58:e01946-20.

Schuit E, Veldhuijzen IK, Venekamp RP, et al. Diagnostic accuracy
of rapid antigen tests in asymptomatic and presymptomatic close
contacts of individuals with confirmed SARS-CoV-2 infection: cross
sectional study. BMJ 2021;374:n1676.

Chu CY, Marais G, Opperman C. Improved performance of saliva for
the detection of the B.1.351 variant in South Africa 2021.

Hung K-F, Sun Y-C, Chen B-H, et al. New COVID-19 saliva-based
test: how good is it compared with the current nasopharyngeal or
throat swab test? J Chin Med Assoc 2020;83:891-4.

Saha S, Tanmoy AM, Tanni AA, et al. New waves, new variants,

old inequity: a continuing COVID-19 crisis. BMJ Glob Health
2021;6:e007031.

Cerutti F, Burdino E, Milia MG, et al. Urgent need of rapid tests for
SARS CoV-2 antigen detection: evaluation of the SD-Biosensor
antigen test for SARS-CoV-2. J Clin Virol 2020;132:104654.

Berger A, Nsoga MTN, Perez-Rodriguez FJ, et al. Diagnostic
accuracy of two commercial SARS-CoV-2 antigen-detecting rapid
tests at the point of care in community-based testing centers. PLoS
One 2021;16:e0248921.

35

36

37

38

39

40

41

Torres |, Poujois S, Albert E, et al. Evaluation of a rapid antigen test
(Panbio COVID-19 Ag rapid test device) for SARS-CoV-2 detection
in asymptomatic close contacts of COVID-19 patients. Clin Microbiol
Infect 2021;27:636.e1-636.e4.

Marks M, Millat-Martinez P, Ouchi D, et al. Transmission of COVID-19
in 282 clusters in Catalonia, Spain: a cohort study. Lancet Infect Dis
2021;21:629-36.

Martin SW, Shoukri M, Thorburn MA. Evaluating the health status

of herds based on tests applied to individuals. Prev Vet Med
1992;14:33-43.

Robyn M, Priyono WB, Kim LM, et al. Diagnostic sensitivity and
specificity of a participatory disease surveillance method for highly
pathogenic avian influenza in household chicken flocks in Indonesia.
Avian Dis 2012;56:377-80.

McEllistrem MC, Clancy CJ, Buehrle DJ, et al. SARS-CoV-2 is
associated with high viral loads in asymptomatic and recently
symptomatic healthcare workers. PLoS One 2021;16:€0248347.
Hasanoglu |, Korukluoglu G, Asilturk D, et al. Higher viral loads in
asymptomatic COVID-19 patients might be the invisible part of the
iceberg. Infection 2021;49:117-26.

Bhaumik S, Moola S, Tyagi J, et al. Community health workers for
pandemic response: a rapid evidence synthesis. BMJ Glob Health
2020;5:e002769.

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

“ybuAdoa Aq parosloid 1sanb Aq zz0z ‘S AInc uo /wod g uadolwgy/:dny woly papeojumod ‘ZZ0Z 2une T Uo ZE8090-2Z0z-uadolwag/9eTT 0T Se paysiignd 1si1 :uadoO rINg


http://dx.doi.org/10.1128/JCM.01946-20
http://dx.doi.org/10.1136/bmj.n1676
http://dx.doi.org/10.1097/JCMA.0000000000000396
http://dx.doi.org/10.1136/bmjgh-2021-007031
http://dx.doi.org/10.1016/j.jcv.2020.104654
http://dx.doi.org/10.1371/journal.pone.0248921
http://dx.doi.org/10.1371/journal.pone.0248921
http://dx.doi.org/10.1016/j.cmi.2020.12.022
http://dx.doi.org/10.1016/j.cmi.2020.12.022
http://dx.doi.org/10.1016/S1473-3099(20)30985-3
http://dx.doi.org/10.1016/0167-5877(92)90082-Q
http://dx.doi.org/10.1637/9936-091511-Reg.1
http://dx.doi.org/10.1371/journal.pone.0248347
http://dx.doi.org/10.1007/s15010-020-01548-8
http://dx.doi.org/10.1136/bmjgh-2020-002769
http://bmjopen.bmj.com/

	Rapid antigen testing by community health workers for detection of SARS-­CoV-­2 in Dhaka, Bangladesh: a cross-­sectional study
	Abstract
	﻿﻿Introduction
﻿﻿
	﻿﻿Methods
	Data collection
	Patient and public involvement
	Statistical analysis

	﻿﻿﻿Results﻿
	Rapid antigen tests performed better on nasal than saliva samples
	Testing additional household members only marginally increases sensitivity but decreases specificity
	Community health workers achieved higher testing coverage than routine laboratory testing coverage

	﻿﻿﻿Discussion﻿
	References


