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Abstract
In Japan, the SARS-CoV-2 Omicron (B.1.1.529) variant has been spreading rapidly since the first case was detected 

in November 2021. Although this variant has been reported to have immune escape potential and SARS-CoV-2 mRNA 
vaccines have been reported to be less effective against this variant, the protective effect can be increased by a third dose 
of vaccine. In National Hospital Organization Hakodate National Hospital, an outbreak of the Omicron variant involving more 
than 30 Healthcare Workers (HCWs) and 90 hospital inpatients occurred in February 2022, despite most hospital staff having 
received three doses of vaccine. 95% confidence intervals for the ratio of the median antibody titers were 0.71 to 1.86 and 
there was no significant difference in antibody titers after the third vaccination between infected and non-infected HCWs. 
Although all cases of SARS-CoV-2 infection in HCWs were asymptomatic or mild, a third dose of mRNA vaccine may be 
insufficient to prevent infection with the Omicron variant or vaccine-induced antibody titers may not reflect the preventive 
effect against Omicron.

*Corresponding author: Dr. Kei Hiraoka, Surgery, National Hospital 
Organization (NHO) Hakodate National Hospital, Hakodate, Hokkaido, Japan, 
E-mail: hiraoka@med.hokudai.ac.jp

Received: 04-Jun-2022, Manuscript No. JIDT-22-65895; Editor assigned: 07-
Jun-2022, PreQC No. JIDT-22-65895 (PQ); Reviewed: 21-Jun-2022, QC No. 
JIDT-22-65895; Revised: 28-Jun-2022, Manuscript No. JIDT-22-65895 (R); 
Published: 05-Jul-2022, DOI: 10.4172/2332-0877.1000503

Citation: Otsuka S, Hiraoka K, Suzuoki M, Ujiie H, Kato T, et al. (2022) Outbreak 
of SARS-CoV-2 Associated with Omicron Variant Infection in Healthcare Workers 
in Japan. J Infect Dis Ther 10: 503.

Copyright:  © 2022 Otsuka S, et al. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

Keywords: SARS-CoV-2 Omicron variant; Outbreak; mRNA 
vaccine; Booster dose; Healthcare workers

About The Study 
Since the SARS-CoV-2 B.1.1.529 (Omicron) variant was first 

reported in South Africa in November 2021, it has been designated 
as a variant of concern by the World Health Organization and has 
been spreading rapidly worldwide [1]. In Japan, as in other countries, 
it is believed that the Omicron variant has taken over from the Delta 
(B.1.617.2) variant as the dominant SARS-CoV-2 strain. In this 
situation, accelerated delivery of a third (booster) dose of vaccine 
is expected to play an important role in preventing infection by the 
Omicron variant [2,3]. Although the Omicron variant has higher 
infectivity and is less susceptible to neutralizing antibodies induced by 
vaccination [4,5], administering a booster dose of mRNA vaccine has 
maintained its effectiveness to protect against infection by the Omicron 
variant by induction of neutralizing antibody [4-7].

In the National Hospital Organization (NHO) Hakodate National 
Hospital, the first confirmed cases in Healthcare Workers (HCWs) were 
diagnosed on January 31, 2022. As of March 1, 93 hospital inpatients 
and 37 HCWs had tested positive for SARS-CoV-2 and the hospital was 
considered to have an outbreak. Although most HCWs working in the 
hospital had received a booster dose of BNT162b2 (Comirnaty®; Pfizer-
BioNTech) vaccine, 32 HCWs vaccinated with three doses experienced 
breakthrough infections, presumed to be due to the Omicron variant.

The effectiveness of three doses of mRNA vaccine on prevention 
of infection by the Omicron variant in HCWs and the relationship 
between antibody titer and susceptibility to infection are still unclear. 
In this study, we documented breakthrough SARS-CoV-2 infections 
in HCWs during the hospital outbreak, and evaluated the association 
between the serum anti-SARS-CoV-2 spike antibody response after 
vaccination and prevention of SARS-CoV-2 infection.

In NHO Hakodate National Hospital, 91.5% (421/460) of HCWs 
received a booster dose of BNT162b2 vaccine from December 1 to 
January 6, approximately 8-9 months after their second vaccination. 
The serum antibody titers were measured 2 weeks after the third 

vaccination for those who have completed vaccination by December 
8, 2021 using Elecsys® Anti-SARS-CoV-2 S on the Cobas 8000 e601 
Analyzer (Roche Diagnostics Rotkreuz, Switzerland). This assay is 
an electrochemiluminescence immunoassay that detects anti-SARS-
CoV-2 spike antibody (predominantly IgG). The measurement range 
of the assay is 0.4-100000 U/mL (in 400-fold diluted samples). Data 
on the characteristics of study participants and the symptoms of those 
with infection were collected from medical records and by telephone 
interviews. The severity of the symptoms was evaluated according to 
COVID-19 Treatment Guidelines presented by National Institute of 
Health [8].

This study was approved by the NHO Hakodate National Hospital 
Ethics Committee on Clinical Research (#R3-0728001), and was 
conducted in compliance with the Declaration of Helsinki and all 
applicable national regulations. All study participants provided oral 
consent to participate in this study.

The difference in the median of the common logarithm for antibody 
titer between groups was assessed, and its 95% Confidence Intervals was 
estimated by bootstrap percentile method with 1,000,000 repetition. All 
statistical analyses were conducted using SAS®Ver. 9.4 (SAS Institute 
Inc., Cary, NC, USA).

Immediately after the first SARS-CoV-2 infection in a HCW was 
confirmed, HCWs who had potential direct or indirect exposure to 
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infected patients or infectious materials were screened for SARS-CoV-2 
infection using a Polymerase Chain Reaction (PCR) test. Potential for 
exposure was defined as having been within 2.0 m of an infected person 
for 15 minutes or longer in a 24-hour period or an overlap in work 
assignment in the same unit or ward as an infected person during 
the 7-days prior to their testing positive (based on close contact or an 
epidemiological link).

By March 1, 2022, 444 HCWs composed of 131 males and 313 
females, including 239 nurses, 40 nurse assistants and 35 physicians 
were tested for SARS-CoV-2 since January 31. Among them, 37 (8.3%) 
had a positive PCR result considered to be related to this outbreak. 

The infected HCWs comprised 8 males and 29 females, including 31 
nurses, 2 nurse assistants, 2 physicians, 1 radiological technologist, 
and 1 physical therapist. The characteristics of the infected HCWs 
are provided in Table 1. The symptoms were generally mild and none 
of the infected HCWs required medication and hospital admission. 
The median antibody titer was 20,570 U/mL (range: 5,941, >100,000; 
IQR:13,392, 51,353) in infected HCWs, and 23,836 U/mL (range: 1,237, 
>100,000; IQR:15,935, 39,208) in non-infected HCWs (Figure 1). The 
difference in the median of the common logarithm for antibody titer 
2 weeks after a booster dose was -0.07 (95% CI: -0.15, 0.27), that is, 
the ratio of the median antibody titer of positive-persons to negative-
persons was around 0.71 to 1.86 (Table 1 and Figure 1).

No Age Sex Occupation1 Total number 
of doses

Days from 
3rd Dose to 
Diagnosis

Antibody 
titer (U/mL)2

Symptoms
Severity

Fever Sore throat Cough

1 32 F RN 2 (-) (-) + + + Mild

2 53 F RN 3 59 5941 - - - Asymptomatic

3 27 F RN 3 59 7088 + - + Mild

4 35 F RN 3 54 13392 + + + Mild

5 22 F RN 3 38 (-) - - - Asymptomatic

6 30 F RN 3 60 45599 + + + Mild

7 26 M RN 3 60 39562 + + - Mild

8 28 F RN 3 46 (-) - - - Asymptomatic

9 27 M PT 3 42 (-) - + - Mild

10 38 M RN 2 (-) (-) + + + Mild

11 37 F RN 3 59 20479 + + - Mild

12 40 F MD 3 61 18901 - - - Asymptomatic

13 31 M RN 3 62 12236 - - - Asymptomatic

14 43 F RN 3 55 51353 - - - Asymptomatic

15 44 M RN 3 40 (-) - - - Asymptomatic

16 37 F RN 3 62 10547 - - - Asymptomatic

17 25 F RN 3 55 40075 - - - Asymptomatic

18 28 F RN 3 61 23925 - + - Mild

19 37 F RN 3 22 (-) - - - Asymptomatic

20 25 F RN 3 63 56889 - - - Asymptomatic

21 45 F RN 3 63 7742 - - - Asymptomatic

22 55 F NA 3 0 (-) - - - Asymptomatic

23 55 F NA 0 (-) (-) + + + Mild

24 57 F RN 3 60 42752 - - - Asymptomatic

25 23 F RN 3 30 (-) - + - Mild

26 34 F RN 3 66 19681 - - - Asymptomatic

27 26 M RN 3 64 74003 - - - Asymptomatic

28 49 M MD 3 65 19462 - + - Mild

29 24 F RN 3 62 57918 - + - Mild

30 24 F RN 3 62 20570 + + + Mild

31 48 F RN 3 65 19702 - + - Mild

32 39 M RT 2 (-) (-) - + + Mild

33 37 F RN 3 50 (-) - + - Mild

34 31 F RN 3 56 (-) + + - Mild

35 62 F RN 3 74 10000 - + - Mild

36 49 F RN 3 74 54432 - + - Mild

37 44 F RN 0 (-) (-) + - - Mild

Note: 1RN, Registered Nurse; MD. Medical Doctor; NA, Nurse Assistant; PT, Physical Therapist; RT, Radiologic Technologist; 2There is no data for antibody titer for 
those who have not received a booster dose or vaccinated after December 8, 2021.

Table 1: Characteristics of infected healthcare workers.
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In NHO Hakodate Hospital, the HCWs showed relatively high 
titer of the anti-spike antibody 5 months after two doses of BNT162b2 
mRNA vaccination and no SARS-CoV-2 infections were diagnosed in 
HCWs before the Omicron variant emerged [9]. 

However, despite a marked increase in antibody titers following 
booster vaccination and appropriate use of personal protective 
equipment, isolation, and facility zoning, vaccinated HCWs were still 
susceptible to SARS-CoV-2 infection while in a high-risk hospital 
environment. The hospital is located in a cold region of Japan and the 
outbreak occurred during the winter, so poor ventilation combined 
with a severe climate might have contributed to the outbreak [10].

Among the HCWs infected with SARS-CoV-2, only two were tested 
to determine the variant type and they were both confirmed to have the 
variant other than Delta. As the Omicron variant was the dominant 
SARS-CoV-2 strain in Japan at the time of the outbreak [11], Omicron 
was presumed to be associated with the outbreak.

Since the Omicron variant rapidly spread worldwide, an increased 
number of cases of breakthrough infection have been reported among 
individuals who have received three doses of mRNA vaccine [12,13]. In 
this study, among the HCWs tested, 32 of 406 (7.9%) who had finished 
three-dose vaccine, 3 of 27 (11%) who had received only two doses and 2 
of 11 (18%) who were unvaccinated became infected with SARS-CoV-2. 
In this outbreak, we found that there was no significant difference in 
antibody titers between the infected and non-infected HCWs. The 
Omicron variant is much more transmissible than other variants, and 
even though booster vaccination increases serum antibody titers [6], 
this may be insufficient to prevent infection [4]. 

Nevertheless, the booster vaccination has been shown to protect 
against severe illness caused by Omicron [14,15]. Though all cases of 
infection were asymptomatic or mild, it was unclear from our study 
whether booster vaccination contributed to reducing the severity of 
the disease. It should be mentioned that the infected HCWs in this 
outbreak were relatively healthy and young. The mean age was 36.9 
years (range 22-51) and had a low risk of developing severe illness. In 
addition, 38% of infected HCWs had no data for antibody titers, and it 
was also a limitation of this study.

Conclusion
To our knowledge, this is the first report of a hospital outbreak 

of breakthrough infection with the Omicron variant among HCWs 
in Japan who have received a booster dose of mRNA vaccine. These 
findings suggest three doses of the BNT162b2 vaccine may be 
insufficient to prevent infection with Omicron or vaccine-induced 
antibody titers may not reflect the preventive effect against Omicron 
in HCWs, although no severe symptoms were noted. Further studies 
of the effectiveness of a booster dose against Omicron are underway.
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