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Low Sensitivity of Rapid 
Antigen Tests to Detect Severe 
Acute Respiratory Syndrome 
Coronavirus 2 Infections Before 
and on the Day of Symptom 
Onset in Nursing Home Staff 
and Residents, Germany, 
January–March 2021

To the Editor—We read with interest 
the recent article by Smith et al [1], com-
paring severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) rapid an-
tigen detection tests (RADTs) with 
reverse-transcription quantitative poly-
merase chain reaction (RT-qPCR). Our 
observations obtained during a SARS-
CoV-2 outbreak in a nursing home add 

further evidence regarding the reliability 
of RADTs.

RADTs provide a timely, easy-to-use, 
and crucial tool for detecting SARS-
CoV-2 [2]. Thus, they are widely applied 
for routine screening at workplaces [3]. 
However, RADTs have a lower sensitivity 
than RT-qPCR [4]. Because RADTs were 
mostly validated in symptomatic cases, 
data on the sensitivity of RADTs when 
testing presymptomatic SARS-CoV-2 in-
fections are limited [4, 5]. This is of great 
importance, however, because infectious-
ness is highest in the days before and 
around the time of symptom onset [6, 7]. 
Furthermore, presymptomatic transmis-
sion accounts for a substantial proportion 
of secondary cases [8].

In a cohort of RT-qPCR–confirmed 
SARS-CoV-2 alpha cases related to an 
outbreak in a nursing home in Germany 
in January–March 2021, we analyzed the 
sensitivity of a commercial RADT and 
of RT-qPCR, including 2 days before as 
well as the day of symptom onset (“ref-
erence period”). Nasopharyngeal samples 
were used for both RADTs and RT-qPCR 
and were collected by nursing home staff 
or external health professionals. RADTs 
were performed daily on staff, while resi-
dents were tested as needed (eg, after 
contact with a case). Furthermore, we 
assessed the association between a posi-
tive test result (RADT or RT-qPCR) and 
status (staff or resident), using the Fisher 
exact test.

Owing to multiple tests per person 
within the reference period, 35 RADT re-
sults were available from 18 individuals 
with coronavirus disease 2019 (8 resi-
dents and 10 staff; Table 1). Ten of the 35 
RADTs had positive results (29% [95% 
confidence interval (CI), 15%–46%]). 
Remarkably, 6 of 8 RADTs (75%) per-
formed on the day of symptom onset had 
negative results. Summarizing the results 
of all tests performed per case, RADTs 
identified 9 of 18 cases (50%) (8 of 8 resi-
dents [100%] and 1 of 10 staff [10%]). 
For RT-qPCR, 19 individual results were 
available (14 residents and 5 staff). Note 
that individuals who underwent RADTs 

did not necessarily undergo PCR within 
the reference period, and vice versa. 
RT-qPCR was performed only once for 
each case within the reference period 
and identified 17 of 19 cases (90% [95% 
CI, 67%–99%]; 13 of 14 residents [93%] 
and 4 of 5 staff [80%]). RT-qPCR results 
did not differ between residents and staff 
(P = .46), but staff were less likely than 
residents to have a positive RADT result 
(1 of 24 vs 9 of 11, respectively; P < .01).

Our study is limited by its small sample 
size. We had too few observations to in-
vestigate the effect of vaccination or the 
day of testing relative to symptom onset. 
Furthermore, we could not directly com-
pare RT-qPCR and RADT results because 
the study populations differed.

In line with the higher sensitivity 
of RT-qPCR relative to RADTs in the 
early infectious period, as described by 
Smith et al [1], our analyses show that 
RT-qPCR identified cases before or on 
the day of symptom onset more reliably 
than RADTs. Only 29% of all RADTs 
performed within the reference period 
yielded a true-positive result, even 
though high viral loads are expected at 
this time [6, 9]. Our results are also in ac-
cordance with a recent Cochrane review, 
which demonstrated a low sensitivity of 
58.1% (95% CI, 40.2%–74.1%) for RADTs 
in asymptomatic, PCR-confirmed SARS-
CoV-2 cases [5]. However, that review did 
not assess sensitivity in presymptomatic 
cases.

We observed a higher proportion of 
positive RADTs among residents than 
among staff. In contrast, the sensitivity of 
RT-qPCR was similar in both groups. For 
RT-qPCR, health workers from outside 
the nursing home performed the sam-
pling. For the RADTs, swab samples were 
obtained by nursing home staff, and it 
was reported that they were well trained 
and that sampling was performed simi-
larly for staff and residents. Nonetheless, 
sampling differences, such as hesitancy 
to perform deep swabbing on colleagues, 
cannot be ruled out and could explain the 
lower sensitivity among staff. Likewise, 
sampling differences could partially 
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explain the higher sensitivities found by 
Smith et al [1], in a study where study 
staff collected the samples.

As highlighted in our study, RADT 
sensitivity is low before and on the day of 
symptom onset. Even with increased test 
frequency, sensitivity reached only 50%. 
This is particularly worrisome in the light 
of a decision adopted by the German 
federal government and Länder (federal 
states) on 23 August 2021 to permit so-
cial gatherings (eg, visits to mass events) 
with a single negative RADT result <24 
hours old [10]. A negative RADT re-
sult must be interpreted cautiously, and 
nonpharmaceutical preventative meas-
ures must remain implemented, espe-
cially among vulnerable groups.
We obtained our results during an out-
break investigation conducted as part 
of the official tasks of the respective 
district’s. Local public health authorities, 
supported by the Robert Koch Institute 
on official request in accordance with 
section 4 of the German Protection 
Against Infection Act. This investigation 
was therefore exempt from additional in-
stitutional review.
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Table 1.  Test Results in Samples Obtained at and Before Symptom Onset From Nursing Home Staff and Residents Positive for Severe Acute Respiratory 
Syndrome Coronavirus 2 in an Alpha Variant Outbreak, Germany, January–March 2021

Test 

Samples by Test Result, No. (%)a

Day 0 Day −1 Day −2 Total

Positive Negative Positive Negative Positive Negative Positive Negative 

RADTb 2 (25) 6 (75) 1 (10) 9 (90) 7 (41) 10 (59) 10 (29) 25 (71)

  Staff 1 (14) 6 (86) 0 8 (100) 0 9 (100) 1 (4) 23 (96)

  Residents 1 (100) 0 1 (50) 1 (50) 7 (88) 1 (12) 9 (82) 2 (18)

RT-qPCRc 5 (100) 0 9 (90) 1 (10) 3 (75) 1 (25) 17 (90) 2 (10)

  Staff 3 (100) 0 0 0 1 (50) 1 (50) 4 (80) 1 (20)

  Residents 2 (100) 0 9 (90) 1 (10) 2 (100) 0 13 (93) 1 (7)

Abbreviations; RADT, rapid antigen detection test; RT-qPCR, reverse-transcription quantitative polymerase chain reaction. 
aPercentages are row percentages for each day. Day 0 was the day of symptom onset; days −1 and −2, the presymptomatic period. 
bRADTs were repeatedly performed within the reference period (35 results were available from 18 cases). 

cRT-qPCR was performed only once for each case within the reference period (19 results available from 19 cases); note that RT-qPCR and RADT results are not necessarily derived from the 
same individuals and thus represent different study populations. 



CORRESPONDENCE  •  jid  2021:224  (1 December)  •  1989

Test Accuracy Group. Rapid, point-
of-care antigen and molecular-based 
tests for diagnosis of SARS-CoV-2 in-
fection. Cochrane Database Syst Rev 
2021; 3:CD013705.

6.	 He X, Lau EHY, Wu P, et al. Author 
correction: temporal dynamics 
in viral shedding and transmissi-
bility of COVID-19. Nat Med 2020; 
26:1491–3.

7.	 Jones TC, Biele G, Muhlemann 
B, et al. Estimating infectiousness 
throughout SARS-CoV-2 infection 
course. Science 2021; 373:eabi5273.

8.	 Bender JK, Brandl M, Hohle M, 
Buchholz U, Zeitlmann N. Analysis of 
asymptomatic and presymptomatic 
transmission in SARS-CoV-2 out-
break, Germany, 2020. Emerg Infect 
Dis 2021; 27:1159–63.

9.	 Arons MM, Hatfield KM, Reddy 
SC, et al; Public Health–Seattle and 
King County and CDC COVID-19 
Investigation Team. Presymptomatic 
SARS-CoV-2 infections and trans-
mission in a skilled nursing facility. N 
Engl J Med 2020; 382:2081–90.

10.	Federal Government of Germany. 
Video conference between the 
Federal Chancellor and the Heads 
of Government of the Länder on 
10 August 2021. https://www.
bundesregierung.de/resource/blo
b/656632/1950174/93e22e944e16
5b106f56406b3de0dfa9/2021-08-
10-mpk-beschluss-corona-en-data.
pdf?download=1. Accessed 27 
October 2021.

Received 7 September 2021; editorial decision 8 October 
2021; accepted 13 October 2021

aJ. K. B. and E. D. M. contributed equally to this work.
Correspondence: Jennifer K. Bender, Robert Koch 

Institute, Burgstrasse 37, 38855 Wernigerode, Germany 
(benderj@rki.de).

The Journal of Infectious Diseases®    2021;224:1987–9
© The Author(s) 2021. Published by Oxford University Press for 
the Infectious Diseases Society of America.  This is an Open 

Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (https://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits 
non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed 
in any way, and that the work is properly cited. For commercial 
re-use, please contact journals.permissions@oup.com
https://doi.org/10.1093/infdis/jiab528

Response to Bender et al

To the Editor—We thank the authors 
for their interesting letter. We would be 
most interested in knowing the exact 
brand of rapid antigen detection test 
(RADT) they utilized, as these tests can 
vary in both sensitivity and reliability. 
We would also be interested in seeing 
their individual-level timing of tests and 
results; given the wide variety of testing 
times and frequencies, it is difficult to 
determine which results are compa-
rable with our daily sampling. However, 
in general, it would be difficult to com-
pare these results because of the limited 
prescreening employed in the Bender 
et al study. One of the most important 
aspects of our study was a negative poly-
merase chain reaction (PCR) result in the 
previous 7 days, ensuring that all people 
enrolled in our study were newly infected 
[1]. As it is well known that quantitative 
reverse transcription PCR (RTqPCR) 
results can remain positive long after a 
mildly symptomatic or asymptomatic 
infection [2], and as we have shown that 
RADTs will rapidly turn negative after 
the infectious period has passed, it is pos-
sible that some participants in the study 
described by Bender et al were not newly 
infected and, therefore, would not be ex-
pected to have a positive RADT. Ensuring 
that participants are early in their infec-
tion is essential for accurate estimation of 
test sensitivity for SARS-CoV-2 infection, 
and we encourage anyone designing a 
test validation trial to consider this point 
carefully.
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