
seroprevalence was higher, reaching 8.5% in Geneva University
Hospital employees4 and 13.35% in a COVID-19–dedicated hos-
pital in India.5 In these studies, the proportion of anti–SARS-
CoV-2 seroconversion was higher in employees working in
COVID-19 areas. Risk factors included nosocomial outbreak and
the use of public transportation.4 This last point was not evaluated
in our study, but other nonprofessional risk factors, such as a contact
with COVID-19 confirmed case, were not associated with a
seroconversion.

In the urban area of the hospital around the same date, the
raw SARS-CoV-2 seroprevalence was 2.1% among 2,006 indi-
viduals,6 suggesting the absence of high risk among laboratory
staff, probably due to the strict application of the recommenda-
tions of the French Society of Microbiology (SFM) concerning
sample handling. The benefit of correct use of personal protec-
tive equipment was also observed in HCWs, even in the most
exposed groups.7

Despite the small size of the cohort and of self-reporting data
collection, the work presented here originally targets SARS-
CoV-2–exposed laboratory staff. Today, most staff have been vac-
cinated, and studies evaluating the exposure of laboratory workers
to a new airborne and/or hand-borne pathogen will no longer be
possible. These data confirm the effectiveness of the good labora-
tory practices, which have to be quickly applied in future viral
emergencies.
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To the Editor—There have been consistent reports of healthcare
personnel (HCP) acquiring COVID-19 as a result of workplace
exposure, either directly or indirectly.1,2 In Thailand, the emerging
alpha variant of severe acute respiratory coronavirus virus 2
(SARS-CoV-2) replaced the original strain in February 2021, fol-
lowed by the emergence of the delta variant of SARS-CoV-2 in

April 2021.3 Immunization of HCP was the first priority of the coro-
navirus disease 2019 (COVID-19) vaccination campaign, and most
HCP received vaccine, based on the government vaccine allocation.
As of July 19, 2021, CoronaVac (Sinovac-Biotech) and ChAdOx-1
(AstraZeneca) are the only 2 COVID-19 vaccines available in
Thailand. Despite 2 doses of vaccine, the number of HCP who were
infected with SARS-CoV-2 in Thailand is continuously increasing.
To better understand the epidemiology of healthcare-associated
SARS-CoV-2 transmission among HCP, we performed a retrospec-
tive review of HCP who received 2 doses of COVID-19 vaccine.

At Thammasat University Hospital a 650-bed, academic
medical center in Pratum Thani, Thailand, a COVID-19
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vaccination campaign for HCP (n = 890) was initiated on
February 1, 2021. Of 890 HCP, 860 (96.6%) were vaccinated
and were invited to participate in a vaccination serological study
after vaccination. In total, 767 HCP (89.2%) received
CoronaVac and 93 (10.8%) received ChAdOx-1. Occupational
health records from February 1, 2021, to July 16, 2021, were
reviewed to evaluate the incidence of healthcare-associated
SARS-CoV-2 transmission among HCP. Healthcare-associated
SARS-CoV-2 transmission among HCP was defined as HCP
who developed COVID-19 with a clear contact history to con-
firmed COVID-19 case(s) during patient care without using
appropriate personal protective equipment (PPE) and without
an epidemiology link to possible community or home transmis-
sion. Definitions of exposure risk and severity of symptoms are
summarized in the Supplementary Material (online).4,5 Data
collected included HCP demographics, underlying diseases,
occupation, risk of exposures, severity of symptoms and serol-
ogy after 2 doses of vaccinations (if available). Anti-spike recep-
tor-binding domain antibody (anti-S-RBD-Ab) was measured
using quantitative anti-SRBD IgG enzyme-linked immunosorb-
ent assay (ELISA) in house to detect presumptive immunity to
SARS-CoV-2 among vaccinated HCP who participated in the
serology study, according to previously described techniques.6

The World Health Organization (WHO) standard for anti-
SARS-CoV-2 antibody (NIBSC code 20/136) was included in
the assay as a reference standard curve. The optical density
(OD) values from each serum sample were translated into
anti-SRBD IgG levels (in BAU/mL) using the standard curve
in the assay. Descriptive analysis was used to describe the char-
acteristics of HCP who developed healthcare-associated
COVID-19.

In total, 62 vaccinated HCPmet the criteria for healthcare-asso-
ciated COVID-19. Among 62HCP 54 (87%) were female; 38 (62%)
were nurses or nurse assistants; 16 (25.8%) worked in the medicine
department; and 42 (68%) were categorized as having “high-risk”
exposure (Table 1). Notably, 24 HCP (38.7%) acquired COVID-19
via exposure to asymptomatic cases (Table 1). Furthermore, all
infected HCP who had received 2 doses of COVID-19 vaccine
developed mild COVID-19 symptoms that requiring admission
by Thai law. Despite the vaccination campaign, a higher frequency
of healthcare-associated SARS-CoV-2 transmission in our hospital
was seen after the emergency of the alpha variants and was accel-
erated after the emergence of the delta variant of SARS-CoV-2 in
Thailand (Supplement 1 online). Data showed that 8 HCP had
anti-S-RBD-Ab IgG prior to infection with COVID-19. The
median anti-S-RBD-Ab IgG level for these 8 HCP after vaccination
was 112.5 BAU/mL (range, 25–355). The median anti–S-RBD-Ab
IgG levels at day 60 after vaccination amongHCPwere 108.9 BAU/
mL for CoronaVac (n= 7) versus 355 BAU/mL for ChAdOx-1
(n= 1). The 7 HCP who received CoronaVac were infected at a
median of 67 days (range, 55–115) after the second vaccine dose,
and 1 HCP who received 2 doses of ChAdOx-1 was infected
44 days after the second vaccine dose.

This study has some important implications. First, HCP were at
extremely high risk for healthcare-associated SARS-CoV-2 trans-
mission despite receiving 2 doses of COVID-19 vaccine. This risk
may be explained by the suboptimal immune response following
CoronaVac, particularly after day 60. Based on our hospital sero-
logical study, HCP who received CoronaVac, tested after 60 days,
had significantly lower antibody levels compared to those who were
tested within 60 days of receiving CoronaVac (111.1 ± 62.63 vs

237.4 ± 160.4 BAU/mL; P < .001) (unpublished data). Antibody
levels ofHCPwho completed 2 doses of ChAdOx-1 (12 weeks apart)
at day 14 were measured at 401.8 ± 289.1 BAU/mL (unpublished
data). Together, these data suggest the need for a booster dose of
COVID-19 vaccine among HCP, particularly those who received
CoronaVac. Second, most HCP were categorized as having a
high-risk exposure to the index case without using appropriate
PPE. Third, we also noticed that a substantial proportion of HCP
acquired SARS-CoV-2 from asymptomatic index cases. These data
emphasize the need for continuous education to focus on the strin-
gent use of PPE to enhance HCP safety, despite being fully vacci-
nated. Lastly, the fact that all HCP who were infected developed

Table 1. Healthcare Personnel Characteristics

Variable No. (%) (N=62)

Age, median y, range 34.4, 21–67

Sex, female vs male 54 (87.1) vs 8 (12.9)

Underlying diseases

No 51 (82.3)

Diabetes 4 (6.5)

Hypertension 3 (4.8)

Obesity 2 (3.2)

Othersa 2 (3.2)

Department

Medicine 16 (25.8)

Orthopedics 11 (17.7)

Obstetrics and Gynecology 5 (8)

Surgery 4 (6.5)

Othersb 26 (41.9)

Occupation

Nurses & nurse assistants 38 (61.2)

Doctors 8 (13)

Othersc 16 (25.8)

Exposure risk

High risk 42 (67.8)

Intermediate risk 20 (32.2)

Low risk 0 (0)

HCP exposure to index case wearing
inappropriate PPE

42 (67.8)

HCP exposure to asymptomatic index case 24 (38.7)

HCP symptoms

Asymptomatic 0 (0)

Mild 62 (100)

Moderate 0 (0)

Severe 0 (0)

Note: No. (%), unless indicated otherwise.
aUnderlying rheumatologic disease and immunocompromised state.
bDepartment of Anesthesiology, Department of Ophthalmology, Department of Pediatrics,
Department of Otolaryngology, Department of Radiology, Department of Dentistry,
Department of Pharmacology, Department of Nursing, Department of Physical Therapy,
Supply Unit.
cMedical technologists, pharmacist assistants, physical therapists.
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only mild COVID-19 symptoms confirmed the effectiveness of
both vaccines to prevent severe disease and mortality.7,8

Our study had some limitations including the small sample size,
the limited number of HCP who participated in a vaccination
serological study after vaccination, and the possibility of misclas-
sification bias from using epidemiology data to classified health-
care-associated SARS-CoV-2 transmission.

Additional studies to evaluate the viral transmission dynamic
for the delta variant and its impact on healthcare-associated trans-
mission among HCP who have completed different types of
COVID-19 vaccine, as well as a longitudinal data regarding
anti-S-RBD-Ab IgG among HCP, will provide insight into better
protection of healthcare-associated transmission of COVID-19
among HCP.
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Transmission of severe acute respiratory coronavirus virus 2
(SARS-CoV-2) among health careworkers (HCWs) during three
waves of the coronavirus disease 2019 (COVID-19) pandemic
in Germany: Results of an anonymous survey
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To the Editor—In an editorial in the Journal of the American
Medical Association (JAMA), Gohil and Huang postulated the
following: “Healthcare personnel (HCP) have absorbed substantial
risks of acquiring coronavirus disease 2019 (COVID-19) due to
their care of patients with COVID-19 infection throughout the
pandemic. Nevertheless, because of robust health care infection
prevention and control practices and policies that prevent
patient-to-HCP transmission, it is possible that the greatest risk
of COVID-19 transmission to HCP comes from exposure in their
communities and, secondarily, between essential workers.”1

To learn more about the transmission of severe acute respira-
tory coronavirus virus 2 (SARS-CoV-2) among healthcare workers
(HCWs), we conducted an anonymous survey that was distributed
by mass e-mail through interested infection control practitioners
to all employees in their respective institution. The survey sheets

were printed out and sent without sender information by mail
to a central collecting address to guarantee that no backward data
tracking was possible. No personal identifying data were collected,
in accordance with German General Data Protection Regulation
(GDPR). Because this was not a human-subject study, no ethics
committee review was needed.

Because of the completely anonymous data collection, we do
not know how many surveys were distributed. In total, 116 survey
sheets were returned, and 1 was excluded because of implausible
data. Table 1 shows the detailed results which clearly identify
the 3 COVID-19 waves in Germany during the periods evaluated
in the study. In total, 17 cases with mild or no symptoms and short
duration were breakthrough infections during the third wave;
however, only 2 were fully vaccinated according to the current def-
inition (>14 days after the second shot of the respective vaccine).

Overall, 14% of the 115 cases were attributed to private
contacts, 8% were undetermined and 78% were attributed to
professional contacts. In addition, 54 (60%) of those 90 cases were
related to unprotected contact of >15 minutes to undiagnosed
patients or colleagues and 18 (20%) to aerosol-generating proce-
dures (AGPs). Among those 18 AGP cases, free-text comments
indicated 3 cases involving endotracheal intubation and 1 case
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