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In February 2021, Peru launched a COVID-19 vaccina-
tion campaign among healthcare personnel using an in-
activated whole-virus vaccine. The manufacturer recom-
mended 2 vaccine doses 21 days apart. We evaluated
vaccine effectiveness among an existing multiyear influ-
enza vaccine cohort at 2 hospitals in Lima. We analyzed
data on 290 participants followed during February—May
2021. Participants completed a baseline questionnaire
and provided weekly self-collected nasal swab samples;
samples were tested by real-time reverse transcription
PCR. Median participant follow-up was 2 (range 1-11)
weeks. We performed multivariable logistic regression
and adjusted for preselected characteristics. During the
study, 25 (9%) participants tested SARS-CoV-2—positive.
We estimated adjusted vaccine effectiveness at 95%
(95% CI 70%—99%) among fully vaccinated participants
and 100% (95% CI 88%-100%) among partially vacci-
nated participants. These data can inform the use and
acceptance of inactivated whole-virus vaccine and sup-
port vaccination efforts in the region.

Peru is a middle-income country disproportionately
affected by COVID-19 and struggling to protect its
essential workforce (1-4). Despite early lockdowns,
curfews, and other public health and social measures
implemented to reduce disease spread (5), by May 22,
2021, Peru had 180,764 reported COVID-19-associated
deaths and continued to accrue cases (6,7). As in many
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other middle-income countries, healthcare services in
Peru were overwhelmed with patients, had limited
personal protective equipment, and had delayed and
limited COVID-19 vaccination, leading to unrest and
strikes among healthcare personnel (§). On February
9, 2021, Peru initiated COVID-19 vaccination with
the Beijing Institute of Biologic Products Coronavi-
rus Vaccine (BBIBP-CorV; Sinopharm, https://www.
sinopharm.com), an inactivated whole-virus vaccine.
Healthcare personnel were a priority group for vac-
cination. During the study period (February 9-May
4, 2021), BBIBP-CorV vaccine was the only COVID-19
vaccine available for healthcare personnel in Peru
(9,10). The manufacturer recommended 2 vaccine dos-
es 21 days apart.

Evidence on BBIBP-CorV vaccine effectiveness
could reduce hesitancy about the vaccine and sup-
port vaccination efforts. We used an existing multi-
year influenza vaccine cohort of healthcare workers
at 2 hospitals in Lima (11) to evaluate BBIBP-CorV
vaccine effectiveness at preventing symptomatic and
asymptomatic SARS-CoV-2 infections.

Methods

Study Design and Population

We designed a prospective cohort study that we con-
ducted at 2 tertiary hospitals in Lima, Peru, during
February 9-May 4, 2021. We invited healthcare work-
ers 18-65 years of age from both hospitals to partici-
pate in the cohort. For study inclusion, participants
had to work full-time (>30 hours per week) at the
facility; have routine, direct, hands-on or face-to-face
contact with patients (within 1 m) as part of a typical
work shift; and have worked at the facility for >1 year
before enrollment.
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Data Collection
Participants provided written informed consent and
completed a baseline questionnaire about their demo-
graphic characteristics and role in the hospital. Ques-
tions included information on self-reported exposure
to COVID-19 patients, work in the intensive care unit
(ICU), or work in the emergency department (ED).
Participants provided serum samples at baseline and
at the end of the study period. Each participant was
followed for up to 16 weeks after enrollment. Par-
ticipants responded to a weekly survey that included
questions about COVID-19 exposure and receipt of
BBIBP-CorV vaccine as documented by the hospitals.
Participants also provided a weekly self-collected
anterior nasal swab sample, which was tested for
SARS-CoV-2 by real-time reverse transcription PCR
(rRT-PCR) at the US Naval Medical Research Unit
6 (NAMRU-6) in Lima, following testing protocols
from the US Centers for Disease Control and Preven-
tion (CDC) (12). rRT-PCR testing was performed in
pools of 5 samples; if pools tested positive, all 5 indi-
vidual samples were tested separately. Serum sam-
ples were shipped to CDC (Atlanta, Georgia, USA)
for pan-Ig serologic testing (B. Freeman et al., unpub.
data, https:/ /doi.org/10.1101/2020.04.24.057323).
We considered participants fully vaccinated
starting 14 days after receipt of their second dose and
partially vaccinated starting 14 days after receipt of
the first dose and participants not meeting these crite-
ria as unvaccinated. This study was reviewed and ap-
proved by the NAMRU-6 institutional review board.

Statistical Analysis

We compiled healthcare personnel demographics,
occupational information, baseline serology, CO-
VID-19 vaccine receipt, and laboratory detection of
SARS-CoV-2. We applied x* or Wilcoxon tests, as
appropriate, to assess differences in demographics,
occupational information, and baseline serology,
stratified by SARS-CoV-2 detection and COVID-19
vaccine receipt.

We estimated vaccine effectiveness by using a
multivariable logistic regression model adjusted for
preselected characteristics, including age, sex, expo-
sure to COVID-19 patients, work in ICU or ED, body
mass index (BMI), and time of follow-up in days. We
defined vaccine effectiveness as [1 - adjusted odds
ratio] X 100% and calculated 95% Cls. For these anal-
yses, we excluded persons who were seropositive at
baseline and those with a positive COVID-19 test be-
fore February 9, 2021. The partial vaccination mod-
el only included participants who received 1 dose
of the vaccine during the study period. Partially
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vaccinated participants were excluded from the full
vaccination analysis. We calculated COVID-19 vac-
cine effectiveness under both full and partial vac-
cination scenarios. The outcome of interest in the
model was SARS-CoV-2 detection; if SARS-CoV-2
was detected in a participant before first vaccination
date or before the 2-week period after first vaccina-
tion, we considered the participant unvaccinated
for the analysis. We conducted all analyses in R ver-
sion 4.1.0 (R Foundation for Statistical Computing,
https:/ /www.r-project.org).

Results

Study Sample Characteristics, SARS-CoV-2 Infections,
and COVID-19 Vaccine Receipt

The participant cohort comprised 290 healthcare
workers followed during February 9-May 4, 2021; a
total of 270 (93.1%) participants reported receiving
>1 COVID-19 vaccine dose, 80% (216/270) of whom
reported being fully vaccinated before the end of the
follow-up period. The median follow-up period was
2 (range 1-11) weeks after the 2-week postvaccina-
tion period. Median age of participants was 45 (inter-
quartile range [IQR] 38-52) years. Among all partici-
pants, 74% (215/290) were female, and 90% (260/290)
reported being of mixed race. Only 3% (8/290) of
participants reported a chronic medical condition,
including asthma, diabetes, high blood pressure,
chronic heart disease, autoimmune condition, HIV/
AIDS, or other medical conditions requiring clini-
cal care for >6 months. Among participants, 49%
(143/290) were classified as overweight (BMI 25 to
<30) and 22% (64/290) as obese (BMI >30). Over one
third (106/290) of participants had a reactive result
for SARS-CoV-2 pan-Ig antibodies on baseline serum
samples, and SARS-CoV-2 was detected by rRT-PCR
among 25 (9%) participants during follow-up. Partici-
pants who were seronegative at baseline were more
likely to subsequently test positive for SARS-CoV-2
through rRT-PCR than participants who were sero-
positive at baseline (p<0.001) (Table 1).

COVID-19 Vaccine Effectiveness

After excluding participants who were seropositive
at baseline and those with a positive COVID-19 test
before February 9, 2021, and adjusting for age, sex, ex-
posure to COVID-19 patients, work in the ICU, work
in the ED, BMI, and time of follow-up in days, we
estimated overall BBIBP-CorV vaccine effectiveness
against symptomatic or asymptomatic SARS-CoV-2
infection as 97% (95% CI 88%-99%) for those who re-
ceived >1 dose of the vaccine. Effectiveness was 100%
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Table 1. Characteristics, vaccine receipt, and SARS-CoV-2 laboratory detection among 290 participants in a study on effectiveness of
whole-virus COVID-19 vaccine among healthcare personnel, Lima, Peru, February 9-May 4, 2021*

SARS-CoV-2 testingt Vaccination statust
Partially Fully
Characteristics All workers  Positive Negative  p value Unvaccinated vaccinated p value vaccinated p value
Total no. (%) 290 (100) 25 (9) 265 (91) NA 20 (7) 54 (19) NA 216 (74) NA
Median age, y (IQR) 45 (38-52) 48 (41-54) 45 (38-51) 0.82 39 (3749) 47(39-52) 0.14 45(39-52) 0.12
Age range, y
18-39 85 (29) 6 (24) 79 (30) NA 10 (50) 14 (26) NA 61 (28) NA
40-49 110 (38) 10 (40) 100 (38) NA 5 (25) 22 (41) NA 83 (38) NA
50-65 95 (33) 9 (36) 86 (32) NA 5 (25) 18 (33) NA 72 (33) NA
Sex
M 75 (26) 6 (24) 69 (26) 1.0 1(5) 25 (46) <0.01 49 (23) 0.12
F 215 (74) 10 (76) 196 (74) NA 19 (95) 29 (54) NA 167 (77) NA
Race/ethnicity
Mixed race 260 (90) 21 (84) 239 (90) 0.45 19 (95) 45 (83) 0.48 196 (91) 0.89
Indigenous 19 (7) 2(8) 17 (6) NA 1(5) 3(6) NA 15 (7) NA
Black 8 (3) 1(4) 7(3) NA 0 5(9) NA 3(1) NA
White 3(1) 1(4) 2(1) NA 0 1(2) NA 2(1) NA
Education
High school only 37 (13) 2(8) 35(13) 0.75 0 13 (24) 0.02 24 (11) 0.10
Associate or 233 (80) 21 (84) 212 (80) NA 20 (100) 38 (70) NA 175 (81) NA
bachelor's degree
Postgraduate 20 (7) 2(8) 18 (7) NA 0 3(6) NA 17 (8) NA
education
Comorbidities
Any medical 8 (3) 2(8) 6(2) 0.52 1(5) 2(4) 0.74 5(2) 0.64
condition§
BMIY
Normal 83 (29) 9 (36) 74 (28) 0.61 9 (45) 17 (31) 0.47 57 (26) 0.20
Overweight 143 (49) 12 (48) 131 (49) NA 7 (35) 27 (50) NA 109 (50) NA
Obese 64 (22) 4 (16) 60 (23) NA 4 (20) 10 (19) NA 50 (23) NA
Smoking daily/ 11 (4) 1(4) 10 (4) 1.0 1(5) 3(6) 1.0 7(3) 1.0
some
Job type
Physician 11 (4) 1(4) 10 (4) 0.62 0 0 <0.01 11 (5) 0.08
Nurse 63 (22) 2(8) 61 (23) NA 1(5) 10 (19) NA 52 (24) NA
Midwife or dentist 12 (4) 1(4) 11 (4) NA 0 0 NA 12 (5) NA
Technician, 135 (47) 14 (56) 121 (46) NA 15 (75) 17 (31) NA 103 (48) NA
assistant
Pharmacist, social 2(1) 0 2(1) NA 1(5) 0 NA 1(0) NA
worker, nutritionist
Physical therapist 4 (1) 0 4(2) NA 0 2 (4) NA 2(1) NA
Administrator, 49 (17) 7 (28) 42 (15) NA 1(5) 20 (37) NA 28 (12) NA
security,
maintenance,
transporter
Other 14 (5) 0 14 (5) NA 2 (10) 5(9) NA 7(3) NA
Exposed to COVID- 249 (86) 18 (72) 231 (87) 0.59 17 (85) 45 (83) 1.0 187 (87) 1.0
19 patients in
healthcare setting
ICU 27 (9) 4 (16) 23 (9) 0.40 0 8 (15) 0.16 19 (9) 0.34
ED 101 (35) 11 (44) 90 (34) 0.43 9 (45) 20 (37) 0.72 72 (33) 0.42
Median hours worked 36 (36-36) 36 (36-40) 36 (36-36) 0.93 36 (36-39) 36 (36-48) 0.23 36 (36-36) 0.40
at site/week (IQR)
Median hours patient- 30 (24-36) 30 (20-30) 30 (25-36) 0.04 33 (30-37) 30(25-36) 0.31 30(24-36) 0.11

provider face-to-

face/week (IQR)

Reactive SARS-CoV- 106 (37) 0 106 (40) <0.01 5(25) 15 (28) 1.0 86 (40) 0.28
2 serology at baseline

*Values represent no. (%) unless otherwise indicated. p values were calculated by using x? test for categorical and Wilcoxon signed rank test for
continuous variables. BMI, body mass index; ED, emergency department; ICU, intensive care unit.

TAt least once by weekly testing during follow-up period.

tVaccination of healthcare workers started in Lima on February 9, 2021, and was assessed by interview on a weekly basis. Partially vaccinated refers to
persons who received 1 dose of whole-virus COVID-19 vaccine during the study period; fully vaccinated refers to persons who received 2 doses of whole-
virus COVID-19 vaccine during the study period. Partially and fully vaccinated groups were separately compared against unvaccinated persons.

§Asthma, diabetes, high blood pressure, chronic heart disease, autoimmune condition, HIV/AIDS, another medical condition requiring clinical care >6 mo.
fINormal (18.5 to <25); overweight (25 to <30); obese (>30).
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(95% CI 88%-100%) for partially vaccinated partici-
pants and 95% (95% CI170%-99%) for fully vaccinated
participants (Table 2).

Discussion

Among vaccinated participants in this cohort, we
estimate BBIBP-CorV vaccine was >90% effective in
preventing SARS-CoV-2 infection in the weeks im-
mediately after vaccination. Furthermore, our find-
ings indicate that, during February-May 2021, 1 of 10
study participants in 2 tertiary hospitals in Lima were
infected with laboratory-confirmed SARS-CoV-2.

Healthcare personnel are at increased risk for
SARS-CoV-2 infection (13). Our findings show con-
tinued detection of SARS-CoV-2 infection during the
study period. In Peru, estimates reported >600 physi-
cians and nurses had died of COVID-19 by June 2021
(1). Protecting the healthcare workforce is a global
priority to ensure healthcare delivery to the popula-
tion. The World Health Organization (WHO) Stra-
tegic Advisory Group of Experts on Immunization
roadmap for prioritizing use of COVID-19 vaccines
in the context of limited supplies includes health-
care personnel as one of the highest priority groups
for vaccination (14). The government of Peru initi-
ated COVID-19 vaccination on February 9, 2021, and
healthcare personnel were the initial targeted group
to receive the vaccine (15).

Our study indicates the BBIBP-CorV vaccine
is effective against SARS-CoV-2 infection in the pe-
riod immediately after vaccination. Our findings are
compatible with those reported by WHO, in which
BBIBP-CorV vaccine efficacy was estimated at 78.9%
(95% CI 65.8%-87%) against COVID-19 disease in an
unpublished clinical trial, with a follow-up time of 2
months (16). Furthermore, our findings are consistent
with interim estimates published by WHO, in which
vaccine effectiveness against rRT-PCR-confirmed
cases among adults >18 years of age in Bahrain was
90% (95% CI 88%-91%) (17).

In our study, we suspect that B.1.1.1 (Alpha) was
the dominant circulating SARS-CoV-2 variant in early
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2021 because it was detected in 43% (n = 23) of the
samples that were sequenced. However, SARS-CoV-2
variant P.1 (Gamma) was identified in Peru in January
2021 (18); in addition, P.1 was identified in one of the 19
samples collected during January-February 2021 (data
not shown). P.1 emerged in Brazil in mid-November
2020 and rapidly spread in the state of Amazonas in
early 2021, causing several hospitalizations and deaths
(19,20). WHO included P.1 as a variant of concern in
January 2021 because of its increased transmissibil-
ity and virulence (21). Data collection over time are
needed to assess vaccine effectiveness under real-life
circumstances as new variants emerge and circulate.
Because of high COVID-19 illness and death
rates, BBIBP-CorV vaccine was rolled out in Peru
and numerous other countries despite the lack of ro-
bust effectiveness data (22). Long-term effectiveness
data are still needed, but the results from our study
support continued use of BBIBP-CorV, at least in
the absence of available vaccines with proven long-
term effectiveness. Data from this study can be used
to support vaccination in the region because offer-
ing vaccine effectiveness data can improve vaccine
uptake (23). Unlike some other COVID-19 vaccines,
BBIBP-CorV does not require complicated cold chain
logistics, such as ultralow freezer conditions, and can
be used within the existing cold chain infrastructure
of other national immunization programs (24).
Among our study’s strengths is that we were able
to rapidly implement a prospective cohort study by le-
veraging an ongoing prospective cohort established to
evaluate influenza vaccine effectiveness among health-
care personnel with weekly nasal swab sampling and
testing for SARS-CoV-2, regardless of symptoms. The
frequency and breadth of sampling among our cohort
enabled greater detection of infection than passive sur-
veillance systems. Participation rate in this COVID-19
study was high (85%) and remained high throughout
the 16-week follow-up period; >96% of participants
submitted swab specimens in >13 of the 16 weeks
of follow-up. SARS-CoV-2 infection was confirmed
through rRT-PCR in NAMRU-6's high proficiency

Table 2. COVID-19 vaccine effectiveness by number of doses received in a study on effectiveness of whole-virus COVID-19 vaccine

among healthcare personnel, Lima, Peru, February 9—May 4, 2021*

COVID-19 cases

Non—COVID-19 cases Vaccine effectiveness, % (95% CI)t

Vaccination statust Vaccinated Unvaccinated Vaccinated Unvaccinated Unadjusted Adjusted
Received >1 vaccine dose 10 9 138 6 95 (84-99) 97 (88-99)
Fully vaccinated 5 9 36 6 91 (63-98) 95 (70-99)
Partially vaccinated 5 9 25 6 87 (45-97) 100 (88-100)

*Totals exclude persons with reactive SARS-CoV-2 serology (n = 106) and persons with positive COVID-19 test before February 9, 2021 (n = 17).
tPersons who tested positive before vaccination date or before the 2-week period after vaccination were considered unvaccinated for the model. We
defined full vaccination as the period starting 14 d after receipt of the second dose and partial vaccination as the period starting 14 d after receipt of the
first dose. Participants not meeting these criteria were considered unvaccinated. The partial vaccination model only included persons who received 1

dose of the vaccine during the study period.

TAdjusted for age, sex, exposure to COVID-19 patients, work in the intensive care unit, work in the emergency department, body-mass index, and time of

follow-up in days.
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laboratory, following CDC’s SARS-CoV-2 diagnostic
protocol, and did not rely on point of care testing with
less sensitive assays.

The first limitation of our study is that the high
vaccine effectiveness we observed might be related to
the short follow-up period after vaccination, 1-11 (me-
dian 2) weeks after the 2-week postvaccination period;
a longer follow-up period is necessary to fully evaluate
the long-term effectiveness of the vaccine among this
study population. Second, we did not estimate sample
size for this study to measure vaccine effectiveness so
that maximum sample could be achieved; the result-
ing sample size was insufficient to stratify vaccine ef-
fectiveness estimates by variant or by symptomatic
versus asymptomatic infection. Third, because of the
limited availability of laboratory staff and high volume
of weekly respiratory specimens, we implemented a
pooling strategy for SARS-CoV-2 testing, which might
have decreased sensitivity to detect participants with
low viral shedding. Finally, our study could not dis-
tinguish nasal carriage of the virus from lower respira-
tory tract SARS-CoV-2 infection.

In summary, 1 in 10 healthcare personnel in our
study in Peru tested positive for SARS-CoV-2 dur-
ing February-May 2021. Vaccination of healthcare
personnel with BBIBP-CorV vaccine was effective at
reducing SARS-CoV-2 infections in the weeks im-
mediately after vaccination. Our data support Peru’s
ongoing COVID-19 vaccination efforts for reducing
SARS-CoV-2 infections, especially among this critical
workforce of healthcare professionals.
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Telework during
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Respiratory Iliness
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The COVID-19 pandemic has caused us
to reevaluate what “work” should look like.
Across the world, people have converted
closets to offices, kitchen tables to desks, and
curtains to videoconference backgrounds.
Many employees cannot help but wonder if
these changes will become a new normal.

During outbreaks of influenza, coronavi-
ruses, and other respiratory diseases, tele-
work is a tool to promote social distancing
and prevent the spread of disease. As more
people telework than ever before, employers
are considering the ramifications of remote
work on employees’ use of sick days, paid
leave, and attendance.

In this EID podcast, Dr. Faruque Ahmed,
an epidemiologist at CDC, discusses the
economic impact of telework.

Visit our website to listen:
https://go.usa.gov/xfcmN

EMERGING

Address for correspondence: Carmen Sofia Arriola, Centers for
Disease Control and Prevention, 1600 Clifton Rd NE, Mailstop
A-32, Atlanta, GA 30329-4027, USA; email: wus3@cdc.gov

INFECTIOUS DISEASES

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 13, Supplement to December 2022 S243



