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Introduction 
The COVID-19 pandemic led to a rapid increase in 
diagnostic testing, with billions of tests for SARS-CoV-2 
performed worldwide since the start of 2020.1 Among the 
most widely used diagnostic technologies are rapid 
antigen tests (RATs), which detect viral antigens using 
lateral flow immunoassays, typically in nasal or 
nasopharyngeal swabs. WHO recommends the use of 
RATs in a variety of settings, including for primary case 
detection in symptomatic individuals, asymptomatic 
individuals at high risk of COVID-19,2 and as self-tests,3 if 
they meet minimum performance requirements of at 
least 80% sensitivity and at least 97% specificity.2

Despite the prominent role RATs have in COVID-19 care 
and control efforts, the diagnostic accuracy (sensitivity 
and specificity) of RATs varies substantially between 
manufacturers, with many RATs failing to meet the WHO 
threshold.4 Package inserts, also known as instructions for 

use (IFUs), of RATs frequently report manufacturer-
produced diagnostic accuracy data alongside technical 
descriptions of how to use the test. In the absence of 
stringent regional regulatory agencies requiring 
independent diagnostic accuracy data, or in settings with 
limited access to scientific literature, the package insert 
information provided by the test manufacturer might be 
the only data source available to laboratory staff, clinicians, 
public health professionals, and individuals regarding the 
diagnostic accuracy of a particular antigen test.

There are few explicit requirements for the design or 
reporting of IFU diagnostic accuracy studies in 
applications for CE marking for in vitro diagnostics 
(IVDs;5 which allows IVDs to be sold across the 
European Economic Area) or other forms of regional 
regulatory approval. Obtaining a CE mark involves a 
process of assessment through a notifying body, which 
determines whether a test complies with applicable 

Accuracy of package inserts of SARS-CoV-2 rapid antigen 
tests: a secondary analysis of manufacturer versus 
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Summary 
Background Rapid antigen tests (RATs) were crucial during the COVID-19 pandemic. Information provided by the test 
manufacturer in product package inserts, also known as instructions for use (IFUs), is often the only data available to 
clinicians, public health professionals, and individuals on the diagnostic accuracy of these tests. We aimed to assess 
whether manufacturer IFU accuracy data aligned with evidence from independent research.

Methods We searched company websites for package inserts for RATs that were included in the July 2022 update of 
the Cochrane meta-analysis of SARS-CoV-2 RATs, which served as a benchmark for research evidence. We fitted 
bivariate hierarchical models to obtain absolute differences in sensitivity and specificity between IFU and Cochrane 
Review estimates for each test, as well as overall combined differences.

Findings We found 22 (100%) of 22 IFUs of the RATs included in the Cochrane Review. IFUs for 12 (55%) of 22 RATs 
reported statistically significantly higher sensitivity estimates than the Cochrane Review, and none reported lower 
estimates. The mean difference between IFU and Cochrane Review sensitivity estimates across tests was 12·0% 
(95% CI 7·5–16·6). IFUs in three (14%) of 22 diagnostic tests had significantly higher specificity estimates than the 
Cochrane Review and two (9%) of 22 had lower estimates. The mean difference between IFU and Cochrane Review 
specificity estimates across tests was 0·3% (95% CI 0·1–0·5). If 100 people with SARS-CoV-2 infection were tested 
with each of the tests in this study, on average 12 fewer people would be correctly diagnosed than is suggested by the 
package inserts.

Interpretation Health professionals and the public should be aware that package inserts for SARS-CoV-2 RATs might 
provide an overly optimistic picture of the sensitivity of a test. Regulatory bodies should strengthen their requirements 
for the reporting of diagnostic accuracy data in package inserts and policy makers should demand independent 
validation data for decision making.
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legislation. However, the current process is one of 
notification, rather than of evaluation, and does not 
require the same level of investigation as for a drug or 
vaccine. Even when manufacturers apply for evaluation 
by the Global Fund Expert Review Panel for Diagnostic 
Products (ERPD)6 or for WHO prequalification, for 
which guidance is provided for writing IFUs,7 the 
requirements call for little more than a brief description 
of the study design, location, reference standard, and 
specimen type along with the results.

Clinical and public health decision makers, therefore, 
require an understanding of the quality, reliability, and 
applicability of the accuracy data presented in the 
package inserts, particularly as many of the RATs 
received emergency-use authorisations (EUAs), 
which did not follow the usual regulatory control 
mechanisms.

One way to assess the quality of data released by 
manufacturers is to compare sensitivity and specificity 
estimates in package inserts with test-specific 
estimates from peer-reviewed published research, 
synthesised in meta-analyses, an approach previously 
applied to tuberculosis diagnostics by Denkinger and 
colleagues.8 They found what they described as 
optimism bias—ie, package inserts of tuberculosis 
diagnostic tests reported optimistic accuracy estimates 
when compared with estimates from published meta-
analyses.

We compared the sensitivity and specificity estimates 
presented in package inserts for SARS-CoV-2 RATs with 
the estimates given for the same tests in a Cochrane 
Review4 that provided summary meta-analysis estimates 
of the accuracy of SARS-CoV-2 RATs.

Methods 
Study design 
The Cochrane Review of SARS-CoV-2 RATs is a 
comprehensive systematic review and meta-analysis of 
available published and preprint diagnostic accuracy 
studies, which includes test-specific sensitivity and 
specificity estimates.4 We chose this review for our 
secondary analysis as Cochrane Reviews are known for 
their methodological rigour and transparency of 
reporting9,10 and it provides substantial details on the data 
sources used, the number of studies for each test, and 
other relevant parameters. Since its publication in 
July, 2022, it has been cited over 1000 times.

We used the Cochrane Review definition of RATs as 
antigen-detecting tests for current SARS-CoV-2 infection, 
which “have the capacity to be performed at the point of 
care or in a ‘near-patient’ testing role”.4 Only RATs 
included in the Cochrane Review update published on 
July 22, 2022,4 which included diagnostic accuracy 
studies published up to March 8, 2021, were eligible for 
inclusion in our study. Future mention of the Cochrane 
Review in this Article refers specifically to this July 2022 
update.

We searched company websites and other online sources 
up to Aug 9, 2022, for package inserts available in English 
of RATs included in the Cochrane Review. Some package 
inserts were additionally obtained via communication with 
contacts at FIND, the global alliance for diagnostics. RATs 
were included in our study when the package insert was 
available and contained sensitivity and specificity data 
compared with a PCR reference standard, with any type of 
sample and sample collection method, and study 
participants from any setting (including participants both 

Research in context

Evidence before this study
Optimism bias in package inserts has previously been reported 
for tuberculosis tests. We searched PubMed for full-text articles 
published from database inception to June 8, 2022, using the 
search terms (“instructions for use” OR “IFU” OR “package 
insert”) AND (“Covid-19” OR “coronavirus disease 2019” OR 
“SARS-CoV-2”), with no restrictions on language. The search 
identified 31 full-text articles, none of which evaluated the 
diagnostic accuracy data provided in package inserts for 
COVID-19 diagnostics or compared these data with meta-
analysed estimates.

Added value of this study
This is, to our knowledge, the first study to compare diagnostic 
accuracy estimates for SARS-CoV-2 rapid antigen tests (RATs) 
given by manufacturers in package inserts with summary meta-
analysis estimates of independent research studies. We found 
that, on average, package inserts overestimated sensitivity 
substantially, but that there was wide variation in the degree of 
difference depending on the test.

Implications of all the available evidence
The quality of manufacturer-provided diagnostic accuracy data in 
package inserts of SARS-CoV-2 RATs is poor and frequently 
overestimates sensitivity. However, it is often the only data 
available to laboratory staff, clinicians, public health professionals, 
and individuals, probably leading to flawed clinical and public 
health decision making. The poor quality of data partially results 
from the absence of explicit requirements for the design or 
reporting of package insert diagnostic accuracy studies when 
manufacturers apply for regional or global regulatory approval, 
and mirrors similar findings from a study of tuberculosis 
diagnostics. Regulatory bodies should strengthen their 
requirements for the reporting of these data in package inserts, 
perhaps guided by the domains of the Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS-2) tool. Test users and 
policy makers should be aware that package inserts for COVID-19 
RATs, in many cases, are providing an overly optimistic picture of 
the test’s sensitivity and demand better quality evidence from 
independent research studies and meta-analyses.
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symptomatic or asymptomatic for COVID-19). Positive or 
negative percentage agreement with a PCR test was treated 
as sensitivity or specificity. If multiple versions of a package 
insert were available, data from the most recent version 
were used. RATs were excluded from the study if the 
package insert did not include both sensitivity and 
specificity data or if data were produced exclusively from 
contrived samples (in which a known amount of 
SARS-CoV-2 virus or its components is added to a swab 
from a healthy individual to imitate an infected sample). 
Test names are given as presented in the Cochrane Review 
for clarity.

No ethical approval was sought for our study as it 
involved no human participants and was a secondary 
analysis of publicly available data from test manufacturers 
and a published Cochrane Review.

Data collection 
The following data were extracted from the package 
inserts: sensitivity and specificity estimates, with 95% CIs 
where available, numbers of true positives, true 
negatives, false positives and false negatives, sample 
size, sample collection method, and symptom status of 
patients. If the package insert presented data from 
multiple evaluations, the data were meta-analysed.

The following data were extracted from the Cochrane 
Review: sensitivity and specificity, with binomial exact 
95% CIs, numbers of true positives, true negatives, false 
positives and false negatives, sample size, and number of 
studies meta-analysed.

As well as the overall summary sensitivity and specificity 
of each RAT, the Cochrane Review presented a sensitivity 
analysis of test sensitivity and specificity according to 
study “compliance with manufacturer IFUs”.4 Test 
evaluations were considered manu facturer-compliant 
when the study followed manufacturer instructions on 
three aspects of testing: sample type, use of viral transport 
medium, and timing between sample collection and 

testing. The data we used from the Cochrane Review were 
the sensitivity and specificity estimates from these IFU-
compliant sensitivity analyses, as the comparison is 
fairest when diagnostic accuracy studies of a test were 

Figure 1: Receiver operating characteristic plot displaying sensitivity and 
specificity estimates from the IFU and the Cochrane Review for the 
22 included rapid antigen tests
IFU=instructions for use.
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Sensitivity (95% CI) Specificity (95% CI)

AAZ, COVID-VIRO*

Cochrane Review 2; 572 (239) 91·3 (78·2, 96·9) 94·0 (90·9 to 96·1)†

IFU 1; 226 (117) 96·6 (91·2 to 98·7) 100 (96·7 to 100)

Difference (95% CI), p value NA 5·3 (–3·9 to 14·4), 
p=0·26

6·0 (3·5 to 8·6), 
p=0·0058‡

Abbott, BinaxNOW COVID-19 Ag card

Cochrane Review 4; 2018 (358) 80·9 (67·6 to 89·6) 99·9 (99·5 to 100)

IFU 1; 460 (117) 84·6 (76·9 to 90·1) 98·5 (96·5 to 99·4)

Difference (95% CI), p value NA 3·7 (–9·1 to 16·4), 
p=0·57

–1·3 (–2·6 to –0·06), 
p=0·040

Abbott, Panbio Covid-19 Ag

Cochrane Review 11; 7718 (1397) 77·3 (68·7 to 84·0) 99·7 (99·5 to 99·8)

IFU 1; 585 (140) 91·4 (85·5 to 95·1) 99·8 (98·4 to 100)

Difference (95% CI), p value NA 14·2 (5·2 to 23·1), 
p=0·0020

0·08 (–0·4 to 0·5), 
p=0·75

Access Bio, CareStart Covid-19 Ag

Cochrane Review 1; 241 (69) 75·4 (63·9 to 84·1)§ 94·8 (90·3 to 97·3)§

IFU 2; 272 (71) 90·1 (80·7 to 95·2) 99·5 (96·6 to 99·9)

Difference (95% CI), p value NA 14·8 (2·5 to 27·1), 
p=0·019

4·7 (1·3 to 8·2), 
p=0·0070

Becton Dickinson, BD Veritor

Cochrane Review 1; 1384 (116) 66·4 (57·0 to 74·9) 98·8 (98·1 to 99·3)

IFU 1; 226 (31) 83·9 (66·3 to 94·5) 100 (98·1 to 100)

Difference (95% CI), p value NA 17·5 (2·0 to 33·0), 
p=0·077‡

1·2 (0·6 to 1·8), 
p=0·24‡

BIONOTE, NowCheck COVID-19 Ag

Cochrane Review 2; 618 (181) 89·5 (84·1 to 93·2) 97·7 (95·8 to 98·8)

IFU 1; 400 (102) 89·2 (81·6 to 93·9) 97·3 (94·7 to 98·7)

Difference (95% CI), p value NA –0·3 (–7·8 to 7·2), 
p=0·94

–0·4 (–2·7 to 1·9), 
p=0·74

BIONOTE, NowCheck COVID-19 Ag (Nasal)

Cochrane Review 1; 218 (79) 89·9 (81·0 to 95·5) 98·6 (94·9 to 99·8)

IFU 1; 218 (79) 89·9 (81·0 to 95·5) 98·6 (94·9 to 99·8)

Difference (95% CI), p value NA NA NA

Coris Bioconcept, COVID-19 Ag Respi-Strip*

Cochrane Review 3; 765 (408) 34·3 (29·9 to 39·1) 100 (99·0 to 100)†

IFU 3; 508 (183) 79·3 (59·9 to 90·8) 99·4 (97·8 to 99·9)†

Difference (95% CI), p value NA 45·0 (28·8 to 61·1), 
p<0·0001

–0·6 (–1·5 to 0·2), 
p=0·23‡

Denka Co, QuickNavi COVID-19 Ag*

Cochrane Review 2; 1633 (123) 84·2 (66·2 to 93·5) 100 (99·8 to 100)

IFU 2; 2048 (156) 81·3 (69·9 to 89·0) 100 (99·8 to 100)

Difference (95% CI), p value NA –2·9 (–19·3 to 13·4), 
p=0·73

NA

ECODiagnostica, COVID-19 Ag ECO

Cochrane Review 1; 150 (55) 69·1 (55·2 to 80·9) 97·9 (92·6 to 99·7)

IFU 1; 426 (115) 96·5 (91·3 to 99·0) 99·7 (98·2 to 100)

Difference (95% CI), p value NA 27·4 (14·8 to 40·1), 
p<0·0001‡

1·8 (–1·2 to 4·7), 
p=0·14‡

(Table continues on next page)
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performed according to manu facturer instructions. Tests 
for which the Cochrane Review did not include IFU-
compliant estimates for both sensitivity and specificity 
were excluded.

Further sensitivity analyses in the Cochrane Review 
separated IFU-compliant data for symptomatic and 
asymptomatic participants.4 We a priori assumed that the 
IFUs would give higher estimates for sensitivity than the 
Cochrane Review based on similar work by members of 
our team on tuberculosis diagnostic IFUs.8 Therefore, for 
our analysis of sensitivity data, we used Cochrane Review 
IFU-compliant summary estimates for symptomatic 
participants, as we assumed that these estimates would be 
higher than the estimates for both symptomatic and 
asymptomatic participants combined and so represented 
the most conservative option for our analysis. For 
specificity, we also used combined Cochrane Review 
IFU-compliant summary estimates for symptomatic 
participants.

Outcomes 
The primary outcome of this study was a calculation of 
the differences in sensitivity and specificity estimates 
provided by the IFU and the Cochrane Review for each 
SARS-CoV-2 RAT, as well as overall combined values 
across tests.

Statistical analysis 
Analyses were performed using Stata/SE, version 17.0. 
To compare the estimates of sensitivity and specificity 
for each RAT we fitted bivariate hierarchical models11,12 
via the meqrlogit command. We compared studies from 
the Cochrane Review with those from the IFU by 
including an indicator variable in the random-effects 
logistic regression models. To reproduce the summary 
sensitivity and specificity estimates from the Cochrane 
Review, the same bivariate models were fitted, but with 
additional parameters added to model the IFU data. 
While modelling the latter, due to the very small number 
of evaluations, models were simplified firstly by 
assuming no correlation between sensitivity and 
specificity estimates, and secondly by setting near-zero 
variance estimates of the random effects to zero.13 
Where there was only one IFU evaluation, random 
effects were also set to zero. We obtained absolute 
differences in sensitivity or specificity and corresponding 
p values and 95% CIs post estimation by using the 
model parameters and the nlcom command in Stata. In 
instances where only one study was available per test or 
when tests were being directly compared following 
summing of counts of the 2 × 2 tables, we performed 
test comparison by calculating point estimates and 
95% CIs for a risk difference.

In addition to the outcomes according to each RAT, 
overall difference in summary sensitivity and specificity 
between the package inserts and Cochrane Review was 
calculated. A single bivariate model that included a 

Number of 
evaluations; samples 
(cases)

Sensitivity (95% CI) Specificity (95% CI)

(Continued from previous page)

Innova Medical Group, SARS-CoV-2 Ag

Cochrane Review 1; 1676 (372) 57·5 (52·3 to 62·6) 99·6 (99·1 to 99·9)

IFU 1; 295 (75) 96·0 (88·8 to 99·2) 100 (98·3 to 100)

Difference (95% CI), p value NA 38·5 (31·8 to 45·2), 
p<0·0001‡

0·4 (0·05 to 0·7), 
p=1·0‡

LumiraDx, SARS-CoV-2 Ag

Cochrane Review 2; 741 (177) 91·2 (70·0 to 97·9) 98·6 (97·2 to 99·3)

IFU 2; 512 (123) 97·6 (92·7 to 99·2) 97·2 (95·0 to 98·4)

Difference (95% CI), p value NA 6·4 (–5·9 to 18·7), 
p=0·31

–1·4 (–3·3 to 0·5), 
p=0·15

Mologic, COVID 19 Rapid Ag

Cochrane Review 1; 650 (192) 90·6 (85·6 to 94·3) 100 (99·2 to 100)

IFU 1; 214 (113) 85·8 (78·0 to 91·7) 98·0 (93·0 to 99·8)

Difference (95% CI), p value NA –4·8 (–12·4 to 2·9), 
p=0·26‡

–2·0 (–4·7 to 0·7), 
p=0·032‡

Precision Biosensor, Exdia COVID-19 Ag

Cochrane Review 1; 293 (90) 52·2 (41·4 to 62·9) 99·0 (96·5 to 99·9)

IFU 1; 99 (49) 93·9 (83·1 to 98·7) 98·0 (89·4 to 99·9)

Difference (95% CI), p value NA 41·7 (29·3 to 54·0), 
p<0·0001‡

–1·0 (–5·1 to 3·1), 
p=0·49‡

Quidel, SOFIA SARS Antigen FIA‡

Cochrane Review 3; 1000 (144) 76·4 (68·8 to 82·6) 99·5 (98·8 to 99·9)†

IFU 1; 209 (30) 96·7 (79·8 to 99·5) 100 (98·0 to 100)

Difference (95% CI), p value NA 20·3 (10·8 to 29·7), 
p<0·0001

0·5 (0·01 to 0·9), 
p=1·0‡

RapiGEN, BIOCREDIT COVID-19 Ag

Cochrane Review 2; 582 (195) 66·3 (52·9 to 77·5) 99·0 (97·3 to 99·6)

IFU 1; 161 (63) 85·7 (74·8 to 92·4) 99·0 (93·1 to 99·9)

Difference (95% CI), p value NA 19·4 (4·2 to 34·6), 
p=0·013

0·01 (–2·2 to 2·2), 
p=0·99

SD Biosensor, STANDARD F COVID-19 Ag

Cochrane Review 2; 1129 (159) 75·5 (68·2 to 81·5) 97·2 (96·0, 98·1)

IFU 1; 155 (55) 89·1 (77·8 to 95·0) 96·0 (89·8 to 98·5)

Difference (95% CI), p value NA 13·6 (3·0 to 24·2), 
p=0·012

–1·2 (–5·2 to 2·8), 
p=0·55

SD Biosensor, STANDARD Q COVID-19 Ag (Nasal)*

Cochrane Review 4; 621 (189) 85·2 (79·4 to 89·6) 99·3 (98·0 to 99·9)†

IFU 1; 503 (104) 97·1 (91·4 to 99·1) 100 (99·1 to 100)

Difference (95% CI), p value NA 11·9 (5·9 to 17·9), 
p<0·0001

0·7 (–0·09 to 1·5), 
p=0·25*

SD Biosensor/Roche, STANDARD Q COVID-19 Ag

Cochrane Review 15; 5116 (1197) 84·0 (79·2 to 87·9) 99·2 (98·8 to 99·4)

IFU 2; 1659 (153) 84·4 (74·6 to 90·9) 98·9 (98·3 to 99·3)

Difference (95% CI), p value NA 0·3 (–8·8 to 9·5), 
p=0·94

–0·2 (–0·8 to 0·3), 
p=0·41

Shenzhen Bioeasy Biotech, 2019-nCoV Ag

Cochrane Review 2; 855 (40) 72·5 (56·8 to 84·1) 92·5 (90·5 to 94·1)

IFU 1; 483 (362) 80·7 (76·3 to 84·4) 99·2 (94·4 to 99·9)

Difference (95% CI), p value NA 8·2 (–6·3 to 22·6), 
p=0·27

6·7 (4·2 to 9·1), 
p<0·0001

(Table continues on next page)
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covariate term (indicating IFU or Cochrane) was fitted to 
the entire data. Zero values in the difference indicate 
agreement of the estimates in the IFU with the pooled 
data in the Cochrane Review. Positive differences indicate 
that the estimates in the IFU were higher than those in 
the Cochrane Review and negative differences indicate 
that estimates in the IFU were lower than those in the 
Cochrane Review. The differences show the percentage 
difference of COVID-19 cases claimed as RAT positives 
for sensitivity, and of COVID-19 non-cases claimed as 
RAT negatives for specificity, when comparing IFU and 
Cochrane Review.

Role of the funding source 
There was no funding source for this study.

Results 
This secondary analysis was conducted between 
Nov 23, 2021, and May 5, 2023. Of the 22 RATs for 
which the Cochrane Review presented IFU-compliant 
sensitivity and specificity data (of 50 RATs analysed in 
the Cochrane Review), IFUs could be retrieved for all 
22 (100%). All 22 included IFUs used PCR reference 
standards. Ten (45%) IFUs presented data from 
symptomatic patients only, eight (36%) did not specify 
the symptom status of the patients, two (9%) had both 
symptomatic and asymptomatic patients, and two (9%) 
presented multiple evaluations where some 
evaluations did not specify the symptom status and 
others had both symptomatic and asymptomatic 
patients.

17 (77%) of the diagnostic tests have received EUAs 
from the US Food and Drug Administration14 or are 
included on the EU common list of COVID-19 antigen 
tests,15 whereas five (23%) received approval from neither 
agency. Full manufacturer details and information on 
regulatory approval are given in the appendix (pp 1–2). 
Although the results of the quality assessment in the 
Cochrane Review were not separated by diagnostic test, 
142 (93%) of 152 included studies had high risk of bias in 
at least one domain of the Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS-2) tool.16 A 
receiver operating characteristic plot displaying 
sensitivity and specificity estimates from the IFUs and 
the Cochrane Review for the 22 included RATs is shown 
in figure 1.

All studies included in the Cochrane Review used 
PCR reference standards to diagnose cases. The median 
sample size of PCR-diagnosed cases per RAT was 
109 (IQR 71–140) in IFUs and 168 (90–239) in the 
Cochrane Review. The number of studies pooled for 
test-specific Cochrane Review sensitivity estimates 
ranged from two to 15. In 12 (55%) of 22 RATs, the IFU 
estimates for sensitivity were statistically significantly 
higher at the 5% level than the Cochrane Review 
estimates (table). In ten (45%) of 22, there was no 
statistically significant difference between the IFU and 

Cochrane Review estimates. No IFU estimated 
statistically significantly lower sensitivity than the 
Cochrane Review. The mean difference between IFU 
and Cochrane Review sensitivity estimates across tests 
was 12·0% (95% CI 7·5–16·6).

All studies included in the Cochrane Review used PCR 
reference standards or pre-pandemic respiratory samples 
to determine SARS-CoV-2 infection negativity. The 
median sample size of PCR negatives per RAT was 
211 (IQR 109–389) in IFUs and 448 (203–1268) in the 
Cochrane Review. The number of studies pooled for test-
specific Cochrane Review specificity estimates ranged 
from two to 15. In three (14%) of 22 RATs, the IFU 
estimate for specificity was statistically significantly 
higher than the Cochrane Review estimate (table). In 
two (9%) of 22 RATs, the IFU estimate was statistically 
significantly lower than the Cochrane Review estimate 
(table). In 17 (77%) of 22 RATs, there was no statistically 
significant difference between the IFU and Cochrane 
Review estimates. The mean difference between IFU and 
Cochrane Review specificity estimates across tests was 
0·3% (95% CI 0·08–0·5).

IFU and Cochrane Review sensitivity and specificity 
estimates, with sample sizes and percentage differences, 
are shown in the table. The percentages differences 
arranged in descending order by sensitivity difference 
are shown in figure 2. A forest plot showing sensitivity 
and specificity data from all studies included in the IFUs 
and Cochrane Review arranged by test name is shown in 
the appendix (p 3).

See Online for appendix

Number of 
evaluations; samples 
(cases)

Sensitivity (95% CI) Specificity (95% CI)

(Continued from previous page)

Siemens, CLINITEST Rapid COVID-19 Ag*

Cochrane Review 1; 178 (91) 80·2 (70·8 to 87·2)§ 100 (95·8 to 100)

IFU 2; 1102 (228) 97·8 (94·8 to 99·1) 99·7 (99·0 to 99·9)†

Difference (95% CI), p value NA 17·6 (9·2 to 26·0), 
p<0·0001

–0·3 (–0·7 to 0·04), 
p=1·0‡

Sugentech, SGTI-flex COVID-19 Ag

Cochrane Review 1; 106 (78) 52·6 (40·9 to 64·0) 96·4 (81·7 to 99·9)

IFU 1; 183 (83) 91·6 (83·4 to 96·5) 99·0 (94·6 to 100)

Difference (95% CI), p value NA 39·0 (26·4 to 51·6), 
p<0·0001‡

2·6 (–4·6 to 9·7), 
p=0·39‡

All tests combined

Cochrane Review 63; 28264 (5949) 79·0 (75·1 to 82·4) 99·0 (98·8 to 99·1)

IFU 29; 10944 (2549) 91·0 (87·9 to 93·4) 99·3 (99·1 to 99·4)

Difference (95% CI), p value NA 12·0 (7·5 to 16·6), 
p<0·0001

0·3 (0·08 to 0·5), 
p=0·0090

IFU=instructions for use. NA=not applicable. *Sensitivity and specificity pooled separately. †2×2 data combined before 
calculating estimates. ‡Derived using Stata’s csi command to calculate point estimates and CIs for the risk difference. 
§Method used for deriving CIs (bivariate model) differs from the original Cochrane Review (exact/Clopper-Pearson 
binomial CIs). 

Table 1: Comparison of sensitivity and specificity estimates in package inserts and Cochrane Review for 
antigen tests for SARS-CoV-2 infection
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Discussion 
If 100 people with SARS-CoV-2 infection were tested with 
each of the RATs in this study, the Cochrane Review 
estimates suggest that, on average, 12 fewer people would 
be correctly diagnosed than is suggested by estimates 
from the package inserts. If 100 people with SARS-CoV-2 
infection were tested with the RAT with the most 
optimistic package insert estimate in our dataset, 
45 fewer people would be correctly diagnosed than is 
suggested by that package insert estimate. These findings 
have important implications for public health. Results 
from RATs are frequently used to determine whether 
someone should begin, or continue, isolating and to 
contribute data to local and national surveillance systems, 
and package inserts often provide the only data available 
to laboratory staff, clinicians, public health professionals, 
and individuals on the accuracy of a test. Many of these 
RATs are also sold as self-tests, in line with WHO 
guidance.3 The poor quality of these data is, therefore, 
likely to have led to flawed clinical, public health, and 
individual decision making, with impacts on individuals 
using the tests and those around them, as well as on the 
overall control of the spread of COVID-19.

More broadly, the results of our analysis echo those of 
the similar study of tuberculosis diagnostic tests 
conducted by Denkinger and colleagues,8 which also 
found that IFUs substantially overestimate sensitivity in 
comparison with published meta-analyses, although the 

authors did not compute a pooled estimate of the 
overestimation. Further work looking at package inserts 
for tests for other diseases is required to determine 
whether tests for tuberculosis and SARS-CoV-2 infection 
are outliers, or whether this problem is common to many 
diseases. Nevertheless, our results suggest that at the 
start of a new pandemic, or on the introduction of a new 
diagnostic test or class of tests for a particular condition, 
test users should be aware that package inserts might be 
providing an overly optimistic picture of the sensitivity of 
a test. Unfortunately, the wide variation in the quality of 
package insert data means that some tests will be unfairly 
maligned by this suspicion—45% of tests in our study 
had sensitivity estimates that were not statistically 
different in the IFU and Cochrane Review.

None of the IFUs presented sensitivity estimates that 
were significantly lower than the Cochrane Review. There 
are clear reasons why manufacturers might produce 
optimistic diagnostic accuracy estimates. In a competitive 
market, it is commercially advantageous to advertise 
high accuracy and there are few explicit requirements for 
the design and reporting of IFU diagnostic accuracy 
studies in applications for CE marking, Global Fund 
ERPD Review,6 or WHO prequalification.7 IFU diagnostic 
accuracy studies tend to have small sample sizes, are 
often based in a single setting in a single country, and 
might use a case-control design, which is well known to 
overestimate test accuracy,17 since people with advanced 

Mologic, COVID 19 Rapid Ag

Denka Co, QuickNavi COVID-19 Ag

BIONOTE, NowCheck COVID-19 Ag

BIONOTE, NowCheck COVID-19 Ag (Nasal)

SD Biosensor/Roche, STANDARD Q COVID-19 Ag

Abbott, BinaxNOW COVID-19 Ag card

LumiraDx, SARS-CoV-2 Ag

Shenzhen Bioeasy Biotech, 2019-nCoV Ag

SD Biosensor, STANDARD Q COVID-19 Ag (Nasal)

SD Biosensor, STANDARD F COVID-19 Ag

Abbott, Panbio COVID-19 Ag

Access Bio, CareStart COVID-19 Ag

Becton Dickinson, BD Verito

Siemens, CLINITEST Rapid COVID-19 Ag

RapiGEN, BIOCREDIT COVID-19 Ag

Quidel, SOFIA SARS Antigen FI

ECODiagnostica, COVID-19 Ag ECO

Innova Medical Group, SARS-CoV-2 Ag

Sugentech, SGTI-flex COVID-19 Ag

Precision Biosensor, Exdia COVID-19 Ag

Coris Bioconcept, COVID-19 Ag Respi-Strip

–4·80% (–12·40 to 2·90)

–2·90% (–19·30 to 13·40)

–0·30% (–7·80 to 7·20)

0·00% (0·00 to 0·00)

0·30% (–8·80 to 9·50)

3·70% (–9·10 to 16·40)

5·30% (–3·90 to 14·40)

6·40% (–5·90 to 18·70)

8·20% (–6·30 to 22·60)

11·90% (5·90 to 17·90)

13·60% (3·00 to 24·20)

14·20% (5·20 to 23·10)

14·80% (2·50 to 27·10)

17·50% (2·00 to 33·00)

17·60% (9·20 to 26·00)

19·40% (4·20 to 34·60)

20·30% (10·80 to 29·70)

27·40% (14·80 to 40·10)

38·50% (31·80 to 45·20)

39·00% (26·40 to 51·60)

41·70% (29·30 to 54·00)

45·00% (28·80 to 61·10)

Difference in sensitivity 
(95% CI)

Difference in specificity 
(95% CI)

–2·00% (–4·70 to 0·70)

0·00% (0·00 to 0·00)

–0·40% (–2·70 to 1·90)

0·00% (0·00 to 0·00)

–0·20% (–0·80 to 0·30)

–1·30% (–2·60 to –0·06)

6·00% (3·50 to 8·60)

–1·40% (–3·30 to 0·50)

6·70% (4·20 to 9·10)

0·70% (–0·09 to 1·50)

–1·20% (–5·20 to 2·80)

0·08% (–0·40 to 0·50)

4·70% (1·30 to 8·20)

1·20% (0·60 to 1·80)

–0·30% (–0·70 to 0·04)

0·01% (–2·20 to 2·20)

0·50% (0·01 to 0·90)

1·80% (–1·20 to 4·70)

0·40% (0·05 to 0·70)

2·60% (–4·60 to 9·70)

–1·00% (–5·10 to 3·10)

–0·60% (–1·50 to 0·20)

AAZ, COVID−VIRO

–30 –20 –10 0 10 20 30 40 50 60 70
IFU sensitivity–Cochrane sensitivity (%)

–10 –5 0 5 10 15
IFU specificity–Cochrane specificity (%)

Figure 2: Differences in sensitivity and specificity estimates between IFUs and Cochrane Review for the 22 included rapid antigen tests
IFU=instructions for use.
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disease are often compared with healthy people. Given 
the range of biases described in the QUADAS-2 tool16—
including around patient selection, conduct of the index 
test and reference standard, and flow and timing of 
patients through the study—the information provided in 
even the most explicit IFU we reviewed in this study was 
inadequate to judge the quality of the data.

These findings mirror those of a 2021 study examining 
package inserts for SARS-CoV-2 RATs included on the 
approved list of the German Federal Institute for Drugs 
and Medical Devices.18 Two-thirds of package inserts 
reviewed in that work contained no information on study 
design, whereas more than 80% contained no clinical 
information, such as whether patients were symptomatic 
or asymptomatic. The same study noted that RATs 
included on the approved list showed substantial 
variability in manufacturer claims of test performance, 
although the authors did not compare the package insert 
data with independent studies or meta-analyses of the 
diagnostic accuracy of the same RATs. Professional users 
of RATs should be critical of the quality of data provided 
to them by manufacturers, particularly as similar 
limitations regarding the reliability and accuracy of these 
data can be expected for other commercial rapid tests in 
the future.

Given that package insert data is often the only source 
of information available to users regarding the diagnostic 
accuracy of a test, regulatory bodies should strengthen 
their requirements for the reporting of these data in 
IFUs when companies apply for WHO prequalification, 
Global Fund ERPD review, or medical device approval 
from national regulatory bodies such as the Food and 
Drug Administration in the USA. For example, 
companies could be required to report more details on 
the study design in the package insert, perhaps guided by 
the domains of the QUADAS-2 tool. In many cases, this 
information already exists and is shared with regulatory 
authorities, but is not currently included in IFUs. Care 
should be taken to avoid making these requirements 
onerous for companies, however, as rapid innovation in 
diagnostic testing for SARS-CoV-2 at the start of the 
pandemic required companies to take financial risks and 
produced widespread benefits. Given that many of the 
RATs are also marketed as self-tests, regulatory bodies 
should additionally require manufacturers to include 
extra package insert information written for the general 
public, as all IFUs reviewed in this study used highly 
technical language. For example, a lay summary could 
explain what sensitivity means in terms of the number of 
people out of a thousand with SARS-CoV-2 infection who 
would incorrectly test negative using the test.

Many available RATs for SARS-CoV-2 have not been 
evaluated in independent clinical studies and it might, 
therefore, be incumbent on the user—whether at 
national, regional, or even institutional level—to conduct 
validation studies before roll-out. The conduct of high-
quality independent diagnostic accuracy studies should 

be encouraged in general and might be particularly 
important for low-income and middle-income settings, 
as these are rarely the site for such studies and might be 
under-represented in subsequent meta-analyses. The 
GRADE approach provides a framework for guideline 
development relating to diagnostic tests.19 Finally, 
manufacturers should be encouraged to update the 
diagnostic accuracy data they include in newer versions 
of product IFUs to incorporate data from independent 
evaluations or meta-analyses.

Our study had four main limitations. First, although 
Cochrane Reviews are recognised as the highest 
international standard of systematic reviews,20 the 
systematic review process inherently relies on the 
availability and methodological quality of relevant 
published and preprint studies. Many of the studies 
included in the Cochrane Review we used had 
methodological limitations.4 Therefore, although the 
Cochrane Review estimates can be seen as the best 
available evidence, they are not perfect. Second, nine (41%) 
of 22 Cochrane Review values for sensitivity and specificity 
were based on only one study and were not actually meta-
analyses. However, in these cases with only one Cochrane 
Review study, the ratios of average sample sizes in 
IFU:Cochrane Review were 0·74 for sensitivity and 0·58 
for specificity, so the average sample sizes were larger in 
the Cochrane Review. Third, although it is difficult to 
quantify, some of the difference in IFU and Cochrane 
Review estimates might be due to manufacturer diagnostic 
accuracy studies being performed on patients infected 
with original SARS-CoV-2 strains, whereas Cochrane 
Review estimates might include studies performed on 
patients infected with later variants. However, this 
possibility does not change the conclusion that package 
inserts frequently provide diagnostic accuracy data that do 
not correspond with real-world performance. Finally, to 
produce a fair comparison with the data provided by the 
manufacturers in the package inserts, we used IFU-
compliant data from the Cochrane Review. However, in 
practice, RATs are often used in ways that do not follow 
the manufacturer’s instructions—only 43% of studies 
included in the Cochrane Review were compliant with 
the IFU, with a further 19% not providing enough 
information to judge. If tests are used without following 
manufacturer instructions, the difference between 
accuracy in practice and accuracy reported by manu-
facturers might differ from what we have shown in ways 
that are difficult to quantify.

In summary, our study found that the diagnostic 
accuracy data reported in most of the package inserts for 
SARS-CoV-2 RATs we identified overestimated sensitivity 
in comparison with Cochrane Review meta-analyses of 
the same tests. As these data are frequently used to 
inform clinical, public health, and personal decision 
making, particularly in the early stages of a pandemic 
when few other sources of information are available, test 
users should be aware that package inserts often provide 
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an overly optimistic picture of the sensitivity of a test. 
Where possible, data from independent validation 
studies should be used for policy and decision making. 
Regulatory bodies should strengthen their requirements 
for the reporting of data in IFUs.
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