
Outbreaks of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) in long-term care 

facilities (LTCF) are of great concern and have been 
reported to have high case-fatality rates (1). Conse-
quently, national vaccination strategies prioritize res-
idents of LTCFs (2).

The coronavirus disease (COVID-19) mRNA vac-
cine BNT162b2 (Pfi zer-BioNTech, https://www.pfi z-
er.com) has demonstrated high effi cacy against COV-
ID-19 (3). Protection has been observed >12 days after 
the fi rst vaccination, and reported vaccine effi cacy is 
52% between the fi rst and second dose and 91% in the 

fi rst week after the second dose (3). Although break-
through infections have been reported, vaccinated 
persons were at substantially lower risk for infection 
and symptomatic disease (4,5).

The variant of concern (VOC) B.1.1.7 rapidly 
became the predominant lineage in Europe in 2021. 
Analyses estimated that B.1.1.7 has increased trans-
missibility and a <0.7 higher reproduction number 
(6). Neutralization activity of serum samples from 
BNT162b2-vaccinated persons has been shown to 
be slightly reduced against B.1.1.7 in cell culture (7), 
but observational data from Israel suggest BNT162b2 
vaccination is effective against B.1.1.7 (8).

We investigated a SARS-CoV-2 B.1.1.7 outbreak 
in a LTCF, which involved 20 BNT162b2-vaccinated 
residents and 4 unvaccinated residents. We report on 
clinical outcomes, viral kinetics, and control measures 
applied for outbreak containment.  The study was ap-
proved by the ethics committee of Charité–Univer-
sitätsmedizin Berlin (EA2/066/20) and conducted in 
accordance with the Declaration of Helsinki and guide-
lines of Good Clinical Practice (https://www.ema.
europa.eu/en/documents/scientifi c-guideline/ich-e-
6-r2-guideline-good-clinical-practice-step-5_en.pdf).

The Study
 On February 4, 2021, daily SARS-CoV-2 screening 
of employees yielded a positive antigen point-of-
care test (AgPOCT) result in 1 caregiver in a LTCF 
in Berlin, Germany. Among 24 residents of the unit 
under their responsibility, 20 (83%) residents had 
received the second dose of BNT162b2 on January 
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One	week	after	second	vaccinations	were	administered,	
an	outbreak	of	B.1.1.7	 lineage	severe	acute	 respiratory	
syndrome	 coronavirus	 2	 infections	 occurred	 in	 a	 long-
term	care	facility	in	Berlin,	Germany,	aff	ecting	16/20	vac-
cinated	and	4/4	unvaccinated	residents.	Despite	consid-
erable	viral	loads,	vaccinated	residents	experienced	mild	
symptoms	and	faster	time	to	negative	test	results.
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29 or 30, 2021 (Figure 1). Four residents had not 
been vaccinated for nonmedical reasons (i.e., per-
sonal refusal or delayed provision of consent by le-
gal guardian). AgPOCTs and reverse transcription 
PCR (RT-PCR) testing of all residents on February 
4 detected SARS-CoV-2 infections in 3/4 unvacci-
nated and 10/20 vaccinated residents (Figure 1). At 
the time of testing, 2 vaccinated patients exhibited 
mild fatigue and one of those also had diarrhea; all 
other patients were asymptomatic.

The next week, testing detected 7 additional in-
fections, resulting in 4/4 unvaccinated infected resi-
dents and 16/20 vaccinated infected residents. The 
remaining 4 vaccinated residents tested negative 
throughout the 30-day observation period (Figure 1).

In addition to residents, 11/33 (33%) staff mem-
bers from the unit tested positive for SARS-Cov-2 
by February 18; of those, none were twice-vaccinat-
ed staff members, 2/8 (25%) had received 1 dose of 
BNT162b, and 9/22 (40.9%) had not been vaccinated. 
No infected staff required hospital treatment.

Respiratory symptoms, including cough and 
shortness of breath, occurred in 5/16 (31.3%) vacci-
nated patients and all 4 unvaccinated patients (Fig-
ure 2, panel A; Appendix Table, https://wwwnc.cdc.
gov/EID/article/27/8/21-0887-App1.pdf). All 4 un-
vaccinated SARS-CoV-2–infected patients and 2/16 

(12.5%) vaccinated patients required hospitalization 
(Figure 1; Figure 2, panel A). Supplemental oxygen 
therapy was required by 3/4 (75.0%) unvaccinated 
and 1/16 (6.3%) vaccinated patients (Figure 1; Fig-
ure 2, panel A). Two patients, 1/16 (6.3%) vaccinated 
persons and 1/4 (25.0%) unvaccinated persons, re-
quired intermittent oxygen therapy after discharge. 
One vaccinated patient with a history of hypertension 
and microvascular dementia died 6 days after testing 
positive by RT-PCR because of a hypertensive crisis 
with intracerebral hemorrhage. Another vaccinated 
patient died 16 days after testing positive by RT-PCR. 
Neither patient experienced respiratory symptoms 
during the infection (Figure 1).

Containment measures in place included manda-
tory use of FFP2 or N95 masks and daily AgPOCT 
screening for anyone entering the facility. Immedi-
ately after detection, the facility was closed to visi-
tors and additional containment measures were put 
in place, including designated staff and separate en-
trance, elevator, and changing rooms. Staff were re-
quired to change personal protective equipment be-
fore entering each room. Residents of all 7 units of the 
LTCF underwent weekly AgPOCT for >3 weeks, and 
residents in the adjacent unit underwent AgPOCT ev-
ery 2–3 days. The outbreak was contained within the 
unit; no further cases were detected.
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Figure 1.	Individual	trajectories	of	24	long-term	care	facility	residents	over	30-day	study	period	in	outbreak	of	SARS-CoV-2	B.1.1.7	
lineage	infections,	Germany,	February–March	2021.	A)	Four	unvaccinated	residents;	B)	20	residents	who	received	their	second	dose	of	
BNT162b2	COVID-19	mRNA	vaccine	(https://www.pfizer.com)	on	January	29	or	30,	2021.	After	a	positive	result	in	a	healthcare	worker,	
residents	received	AgPOCT	and	subsequently	underwent	regular	RT-PCR	testing	for	SARS-CoV-2.	Dotted	lines	indicate	respiratory	
symptoms,	and	continuous	lines	indicate	hospitalization.	AgPOCT,	antigen	point-of-care	test;	COVID-19,	coronavirus	disease;	RT-PCR,	
reverse	transcription	PCR;	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2.
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All SARS-CoV-2 RNA-positive samples were 
tested for presence of SARS-CoV-2 VOCs by RT-
PCR and complete genome sequencing (Appendix). 
RT-PCR suggested the presence of B.1.1.7, which 
was confirmed by sequencing in 11 patients for 
whom sufficient sequence information was avail-
able. In phylogenetic analysis, sequences form a 
monophyletic clade with additional sequences from 
Berlin interspersed (Appendix Figure 1), suggesting 

a common outbreak source, including infections 
outside the unit.

We performed serial RT-PCR testing of na-
sopharyngeal swab specimens from 22 patients. 
SARS-CoV-2 RNA concentrations peaked within 5 
days (Appendix Figure 2). The median peak SARS-
CoV-2 RNA concentration in vaccinated and unvac-
cinated patients overlapped concentrations detect-
ed at time of diagnosis in B.1.1.7 patients of similar 
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Figure 2.	Characteristics	of	
outbreak	of	SARS-CoV-2	
B.1.1.7	lineage	infections	
after	vaccination	in	long-
term	care	facility,	Germany,	
February–March	2021.	A)	
After	a	positive	test	result	
in	a	healthcare	worker,	
16/20	(80.0%)	vaccinated	
residents	and	4/4	(100.0%)	
unvaccinated	residents	
subsequently	tested	
positive	for	SARS-CoV-2.	
Among	infected	patients,	
5/16	(31.25%)	vaccinated	
and	all	4	(100.0%)	
unvaccinated	patients	
exhibited	respiratory	
symptoms	(i.e.,	cough	or	
shortness	of	breath)	during	
the	course	of	disease.	All	
4	unvaccinated	patients	
required	hospital	treatment;	
3	(75.0%)	received	
supplemental	oxygen	
therapy	and	a	standard	
course	of	dexamethasone.	
Two	(12.5%)	vaccinated	
patients	also	required	
hospital	treatment,	
including	1	patient	who	
experienced	hypertensive	
crisis	and	intracranial	
bleeding	and	died	4	days	
after	admission,	and	1	
patient	with	secondary	
bacterial	pneumonia	and	
urinary	tract	infection.	B)	
Peak	SARS-CoV-2	RNA	
concentrations	in	infected	
vaccinated	residents	
(n	=	16)	and	infected	
unvaccinated	residents	
(n	=	4),	as	well	as	SARS-
CoV-2	B.1.1.7	RNA	
concentrations	of	an	independent	group	of	age-matched	persons	(n	=	48)	without	known	vaccination	status	whose	infections	were	
diagnosed	during	routine	care.	C)	Time	between	first	positive	and	first	negative	reverse	transcription	PCR	or	antigen	point-of-care	
test	result	in	vaccinated	(n	=	16)	and	unvaccinated	(n	=	4)	residents.	In	3	residents	(2	vaccinated	and	1	unvaccinated),	negativity	was	
determined	by	antigen	point-of-care	test	only.	D)	Anti-SARS-CoV-2	receptor	binding	domain–specific	IgG.	E)	IFN-γ	release	assay	of	
SARS-CoV-2	specific	T	cells	measured	in	10/20	(50.00%)	vaccinated	and	2/4	(50.00%)	unvaccinated	residents	5	weeks	after	initial	
testing.	IFN-γ,	interferon-γ;	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2;	S/CO,	signal-to-cutoff	ratio.
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ages (Figure 2, panel B). However, SARS-CoV-2 RNA 
concentration was lower among vaccinated residents 
than unvaccinated residents, although the difference 
was not statistically significant (6.45 vs. 8.15 log10 cop-
ies/mL; p = 0.10). Furthermore, duration of SARS-
CoV-2 RNA shedding was considerably shorter in 
vaccinated patients than in unvaccinated patients (7.5 
[95% CI 7–17.3] days vs. 31 [95% CI 21.5–34.5] days; p 
= 0.003) (Figure 2, panel C). Peak SARS-CoV-2 RNA 
concentrations above 106 copies per mL, below which 
virus isolation in cell culture is usually not successful, 
were detected in all 4 unvaccinated patients but only 
in 7/16 vaccinated patients (9).

We further assessed the level of infectiousness 
in 22 samples from 14 patients by virus cell culture 
(Appendix). One sample obtained from a vaccinated 
patient 7 days after the first positive RT-PCR test, 
which showed 9.32 log10 SARS-CoV-2 RNA copies/
mL, yielded a positive isolation outcome. Isolation at-
tempts from samples of the same patient taken in the 
next 4 days and from 21 samples taken from 13 other 
patients were unsuccessful.

Five weeks after initial testing, 8/8 vaccinated and 
infected residents and 2/2 unvaccinated and infected 
residents showed robust antibody responses against 
SARS-CoV-2 spike antigens, virus neutralization ca-
pacity, and interferon-γ release of SARS-CoV-2–spe-
cific T cells (Figure 2, panels D, E; Appendix Figure 3). 
These results confirm the immune response capabil-
ity in these patients.

Conclusions
We performed a longitudinal study of SARS-CoV-2 
infections in a LTCF unit. Nearly all infected resi-
dents were symptomatic, including most residents 
that had received a second BNT162b2 dose the 
week before. The outbreak was caused by SARS-
CoV-2 VOC lineage B.1.1.7, which might partly ex-
plain the high attack rate and lack of protection in 
vaccinated residents. Nevertheless, we reported a 
lower attack rate, a shorter duration of SARS-CoV-2 
RNA shedding, and a lower proportion of symp-
tomatic COVID-19 requiring hospitalization and 
oxygen support for vaccinated patients. However, 
despite the limited sample size and the short inter-
val between second vaccination and infection, this 
outbreak raises questions about the effectiveness of 
the vaccination regimen in the elderly (3,8,10–12). 
A delayed and overall reduced immune response 
to BNT162b2 vaccination has been described in el-
derly persons (13,14), which might explain the re-
ported outbreak and infections in LTCF described 
elsewhere (4,5).

This outbreak highlights that older adults 
have reduced protection <2 weeks after second 
BNT162b2 vaccination. Therefore, single-dose regi-
mens and extended dosing intervals might be in-
sufficient for fully protecting this population (15). 
Vaccination of LTCF residents and staff is likely 
effective in reducing the spread of SARS-CoV-2. 
However, regular SARS-CoV-2 screening, prompt 
outbreak containment, and nonpharmaceutical in-
terventions (16) remain necessary for optimal pro-
tection in this setting.

Acknowledgments
We thank Marie Luisa Schmidt, Patricia Tscheak, Julia 
Tesch, Johanna Riege, Petra Mackeldanz, Felix Walper, 
Jörn Ilmo Beheim-Schwarzbach, Tobias Bleicker, Sevda 
Senaydin, Doris Steuer, Ute Gläser, Anne-Sophie Sinnigen, 
Carolin Rubisch, Nadine Olk, Lisbeth Hasler, Angela 
Sanchez-Rezza, Paolo Kroneberg, Alexandra Horn, Lara 
Bardtke, Kai Pohl, Daniel Wendisch, Philipp Georg, Denise 
Treue, Dana Briesemeister, Jenny Schlesinger, Luisa Kegel, 
Annelie Richter, Ben Al-Rim, Birgit Maeß, Hana Hastor, 
Maria Rönnefarth, and Alexander Krannich for excellent 
assistance and biobanking of samples. We gratefully 
acknowledge the authors, originating and submitting 
laboratories of the genetic sequence and metadata made 
available through GISAID (https://www.gisaid.org) that 
were used in Appendix Figure 1 (https://wwwnc.cdc.
gov/EID/article/27/8/21-0887-App1.pdf).

Parts of this work was supported by grants from the Berlin 
Institute of Health (BIH). This study was further  
supported by the German Ministry of Research through 
the projects VARIPath (01KI2021) to V.M.C., and  
NaFoUniMedCovid19-COVIM, FKZ: 01KX2021 to L.E.S., 
F.K., C.D., and V.M.C., and by the RECOVER project  
(European Union Horizon 2020 research and innovation 
programme; GA101003589) to C.D. T.C.J. is in part funded 
through the NIAID-NIH CEIRS contract  
HHSN272201400008C. V.M.C. is a participant in the 
BIH–Charite Clinician Scientist Program, funded by the 
Charite–Universitätsmedizin Berlin and the BIH.

V.M.C. is named together with Euroimmun GmbH on a 
patent application filed recently regarding SARS-CoV-2 
diagnostics through antibody testing.

About the Author
Dr. Tober-Lau is a physician and doctoral researcher in 
the Department of Infectious Diseases and Respiratory 
Medicine at Charité–Universitätsmedizin Berlin,  
Germany. His research interests focus on infectious  
diseases and global health.

2172	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	27,	No.	8,	August	2021



	Outbreak	of	SARS-CoV-2	B.1.1.7	after	Vaccination

References
  1. Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, 

Jacobs JR, et al.; Public Health–Seattle and King County and 
CDC COVID-19 Investigation Team. Presymptomatic  
SARS-CoV-2 infections and transmission in a skilled  
nursing facility. N Engl J Med. 2020;382:2081–90.  
https://doi.org/10.1056/NEJMoa2008457

  2. European Centre for Disease Prevention and Control. Overview 
of COVID-19 vaccination strategies and vaccine deployment 
plans in the EU/EEA and the UK. 2020 [cited 2021 Apr 14]. 
https://www.ecdc.europa.eu/en/publications-data/ 
overview-current-eu-eea-uk-plans-covid-19-vaccines

  3. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, 
Lockhart S, et al.; C4591001 Clinical Trial Group. Safety  
and efficacy of the BNT162b2 mRNA Covid-19 vaccine.  
N Engl J Med. 2020;383:2603–15. https://doi.org/10.1056/ 
NEJMoa2034577

  4. White EM, Yang X, Blackman C, Feifer RA, Gravenstein S, 
Mor V. Incident SARS-CoV-2 infection among mRNA- 
vaccinated and unvaccinated nursing home residents.  
N Engl J Med. 2021 May 19 [Epub ahead of print]. 

  5. Teran RA, Walblay KA, Shane EL, Xydis S, Gretsch S,  
Gagner A, et al. Postvaccination SARS-CoV-2 infections 
among skilled nursing facility residents and staff members—
Chicago, Illinois, December 2020–March 2021. MMWR Morb 
Mortal Wkly Rep. 2021;70:632–8. https://doi.org/10.15585/
mmwr.mm7017e1

   6. Davies NG, Abbott S, Barnard RC, Jarvis CI, Kucharski AJ, 
Munday JD, et al.; CMMID COVID-19 Working Group; 
COVID-19 Genomics UK (COG-UK) Consortium.  
Estimated transmissibility and impact of SARS-CoV-2  
lineage B.1.1.7 in England. Science. 2021;372:eabg3055. 
https://doi.org/10.1126/science.abg3055

  7. Muik A, Wallisch A-K, Sänger B, Swanson KA, Mühl J,  
Chen W, et al. Neutralization of SARS-CoV-2 lineage B.1.1.7 
pseudovirus by BNT162b2 vaccine-elicited human sera. Sci-
ence. 2021;371:1152–3. https://doi.org/10.1126/ 
science.abg6105

  8. Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA, 
et al. BNT162b2 mRNA Covid-19 vaccine in a nationwide 
mass vaccination setting. N Engl J Med. 2021;384:1412–23. 
https://doi.org/10.1056/NEJMoa2101765

  9. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, 
Müller MA, et al. Virological assessment of hospitalized 
patients with COVID-2019. Nature. 2020;581:465–9.  
https://doi.org/10.1038/s41586-020-2196-x

10. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S,  
Novak R, et al.; COVE Study Group. Efficacy and safety  
of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. 
2021;384:403–16. https://doi.org/10.1056/NEJMoa2035389

11. Thompson MG, Burgess JL, Naleway AL, Tyner HL,  
Yoon SK, Meece J, et al. Interim estimates of vaccine  
effectiveness of BNT162b2 and mRNA-1273 COVID-19  
vaccines in preventing SARS-CoV-2 infection among  
health care personnel, first responders, and other  
essential and frontline workers—eight U.S. locations,  
December 2020–March 2021. MMWR Morb Mortal Wkly 
Rep. 2021;70:495–500. https://doi.org/10.15585/ 
mmwr.mm7013e3

12. Tenforde MW, Olson SM, Self WH, Talbot HK, Lindsell CJ, 
Steingrub JS, et al.; IVY Network; HAIVEN Investigators. 
IVY Network; HAIVEN Investigators. Effectiveness of  
Pfizer-BioNTech and Moderna vaccines against COVID-19 
among hospitalized adults aged >65 years—United States, 
January–March 2021. MMWR Morb Mortal Wkly Rep. 
2021;70:674–9. https://doi.org/10.15585/mmwr.mm7018e1

13. Müller L, Andrée M, Moskorz W, Drexler I, Walotka L, 
Grothmann R, et al. Age-dependent immune response to 
the Biontech/Pfizer BNT162b2 COVID-19 vaccination. Clin 
Infect Dis. 2021 Apr 27 [Epub ahead of print].  
https://doi.org/10.1093/cid/ciab381

14. Schwarz T, Tober-Lau P, Hillus D, Helbig ET, Lippert LJ, 
Thibeault C, et al. Delayed antibody and T-cell response to 
BNT162b2 vaccination in the elderly, Germany. Emerg Infect 
Dis. 2021 Jun XX [Epub ahead of print]. https://doi.org/ 
10.3201/eid2708.211145

15. Jeyanathan M, Afkhami S, Smaill F, Miller MS, Lichty BD, 
Xing Z. Immunological considerations for COVID-19  
vaccine strategies. Nat Rev Immunol. 2020;20:615–32. 
https://doi.org/10.1038/s41577-020-00434-6

16. Gmehlin CG, Munoz-Price LS. Coronavirus disease 2019 
(COVID-19) in long-term care facilities: A review of  
epidemiology, clinical presentations, and containment  
interventions. Infect Control Hosp Epidemiol. 2020 Oct 26 
[Epub ahead of print]. https://doi.org/10.1017/ice.2020.1292

Address for correspondence: Victor M. Corman,  
Leif Erik Sander, and Florian Kurth, Charité–
Universitätsmedizin Berlin, Chariteplatz 1, D-10117,  
Berlin, Germany; email: victor.corman@charite.de,  
leif-erik.sander@charite.de, florian.kurth@charite.de

	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	27,	No.	8,	August	2021	 2173


