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Summary
Background Healthcare workers (HCWs) have been disproportionally affected by COVID-19. We investigated factors
associated with two- and three-dose COVID-19 vaccine uptake and SARS-CoV-2 seropositivity among 1504 HCWs
enrolled (19 February-7 May 2021) in a prospective COVID-19 vaccine effectiveness cohort in Albania through a
secondary analysis.

Methods We collected sociodemographic, occupational, health, prior SARS-CoV-2 infection, and COVID-19
vaccination data from all HCWs at enrollment. Vaccination status was assessed weekly through June 2022. A
serum sample was collected from all participants at enrollment and tested for anti-spike SARS-CoV-2 antibodies.
We analyzed HCWs characteristics and outcomes using multivariable logistic regression.

Findings By 11 June 2022, 1337 (88.9%) HCWs had received two COVID-19 vaccine doses, of whom 255 (19.1%)
received a booster. Factors significantly associated with receiving three doses (adjusted odds ratio (aOR), 95% CIs)
were being ≥35 years (35–44 years: 1.76 (1.05–2.97); 45–54 years: 3.11 (1.92–5.05); ≥55 years: 3.38 (2.04–5.59)) and
vaccinated against influenza (1.78; 1.20–2.64). Booster dose receipt was lower among females (0.58; 0.41–0.81),
previously infected (0.67; 0.48–0.93), nurses and midwives (0.31; 0.22–0.45), and support staff (0.19; 0.11–0.32).
Overall 1076 (72%) were SARS-CoV-2 seropositive at enrollment. Nurses and midwifes (1.45; 1.05–2.02), support
staff (1.57; 1.03–2.41), and HCWs performing aerosol-generating procedures (AGPs) (1.40; 1.01–1.94) had higher
odds of being seropositive, while smokers had reduced odds (0.55; 0.40–0.75).

Interpretation In a large cohort of Albanian HCWs, COVID-19 vaccine booster dose uptake was very low, particularly
among younger, female, and non-physician HCWs, despite evidence demonstrating the added benefit of boosters in
preventing infection and severe disease. Reasons behind these disparities should be explored to develop targeted
strategies in order to promote uptake in this critical population. SARS-CoV-2 seroprevalence was higher among
non-physicians and HCWs performing APGs. A better understanding of the factors contributing to these
differences is needed to inform interventions that could reduce infections in the future.
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Research in context

Evidence before this study
Health care workers (HCWs) are at increased risk for SARS-
CoV-2 infection and are a priority group for both primary
series and booster COVID-19 vaccination. However, in eastern
Europe, COVID-19 vaccination uptake among HCWs has been
moderate for primary series vaccine, and very low for booster
dose. We searched Pubmed database for peer-reviewed
articles on factors associated with COVID-19 vaccine uptake
and SARS-CoV-2 infection among HCWs, published until
October 1, 2022. Evidence on determinants of COVID-19
vaccination among HCWs largely comes from studies that
investigated intention to vaccinate, rather than actual COVID-
19 vaccine uptake, and generally suggests that male and older
HCWs, physicians, and those vaccinated against influenza are
more likely to accept vaccination. We identified only one
study that evaluated factors associated with uptake of COVID-
19 booster doses among HCWs. Globally, significant variation
in SARS-CoV-2 seroprevalence among HCWs in the first year
of the COVID-19 pandemic has been reported. Three global
meta-analyses that included seroprevalence studies conducted
within the first year of the pandemic estimated a pooled
SARS-CoV-2 seroprevalence rate between 7% and 9% among
HCWs. A number of studies have identified an association
between gender, job role and socio-economic status, in
addition to availability and quality of personal protective
equipment, and the risk of SARS-CoV-2 infection in HCWs.
However, findings are inconsistent, suggesting that risk
factors for COVID-19 may be highly contextual and country-
specific.

Added value of this study
To our knowledge, this is the first study to investigate
factors associated with both COVID-19 primary series and

booster vaccination uptake among health care workers in
Europe. Among hospital-based HCWs working at three large
hospitals in Albania, we found an overall low uptake of
COVID-19 booster dose and lower uptake of COVID-19
vaccine (primary series and booster dose) among female and
younger HCWs, and among nurses and non-clinical staff
(booster dose only). Almost three-quarters of HCWs had
serological evidence of SARS-CoV-2 infection within the first
year of the pandemic, prior to receiving COVID-19 vaccine,
considerably higher than rates found in other studies in
Europe. Nurses and support staff, and HCWs performing
aerosol-generating procedures were more likely to be SARS-
CoV-2-seropositive.

Implications of all the available evidence
Our study identified demographic and occupational groups
within the health workforce that remain unvaccinated more
than a year after the roll out COVID-19 vaccines. Some of
these groups overlap with groups of HCWs that appeared to
be at higher risk of SARS-CoV-2 infection. A detailed
understanding of the gaps in COVID-19 vaccination among
HCWs is key for designing effective interventions aimed to
increase vaccine uptake. The finding of higher SARS-CoV-2
seroprevalence among certain HCWs in Albania one year
into the pandemic provides important evidence for
policymakers for further investigation into the reasons for
disparate infection rates to inform appropriate measures,
including promotion of vaccination, in order to reduce work-
related SARS-CoV-2 infections in anticipation of future
waves of COVID-19.
Introduction
Healthcare workers (HCWs) are at increased risk of
SARS-CoV-2 infection due to occupational exposure
and have suffered considerable morbidity and mortal-
ity during the pandemic.1–4 The World Health Organi-
zation (WHO) estimates that from January 2020 to May
2021 between 80,000 and 160,000 HCWs died from
COVID-19 globally.2 For these reasons and concerns
about the risk of onward transmission of SARS-CoV-2
from HCWs to patients, HCWs were among the first
groups prioritized to receive COVID-19 vaccine in
many countries.5

Whereas COVID-19 vaccine uptake has generally
been high among HCWs in many high-income settings,
uptake has varied in low- and middle-income countries
(LMICs). In the WHO European Region, at the end of
June 2022, more than 80% of HCWs in high income
countries (HICs) had received a complete primary
COVID-19 vaccine series and 51% an additional dose
(booster) compared with 33% and 8%, respectively, of
HCWs in upper MICs.6 Identifying which groups among
HCWs have remained unvaccinated, and the reasons
behind these lower vaccination rates, is critical for
informing policies and interventions to increase uptake
in this high priority group. Yet, data on COVID-19 im-
munizations among HCWs has largely focused on
studies on intention to vaccinate rather than assess-
ments of actual vaccination uptake after vaccines became
available.7–9

In addition, while seroprevalence and factors asso-
ciated with SARS-CoV-2 infection among HCWs have
been widely described in HICs in the WHO European
Region, limited data has been reported from MICs in
Eastern Europe10–13; a region that has experienced a
www.thelancet.com Vol 27 April, 2023
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disproportionately high burden of COVID-19.14 Under-
standing the burden of and risk factors for SARS-CoV-2
infection among HCWs remains important for guiding
infection prevention and control measures.

In Albania, an upper MIC of 2.87 million people in
Europe, COVID-19 vaccination began on 11 January
2021, using the Pfizer-BioNTech mRNA vaccine. HCWs
were among the initial groups prioritized for vaccination
by the Albanian National Technical Advisory Group for
Immunization (NITAG).15 On 15 October 2021, the
NITAG additionally recommended a booster dose for all
HCWs six months following a primary series. Between
June 2021 and January 2022, COVID-19 vaccination was
mandatory for HCWs, with the implication that unvac-
cinated staff could not enter their workplace or receive a
salary. Following vaccine introduction, Albania experi-
enced three waves of COVID-19. The first occurred
from January to April 2021, when the alpha variant was
predominant. From July 2021 through the end of the
year there was a similarly large increase in cases with
the delta variant predominating. Finally, from January to
March 2022 there was a substantial wave driven by cir-
culation of the omicron variant (unpublished data,
Albania Institute of Public Health).16

We used data from a prospective cohort study of
COVID-19 vaccine effectiveness among HCWs in
Albania17 to evaluate factors associated with uptake of
COVID-19 vaccine primary series and booster dose be-
tween February 2021 and June 2022, and factors asso-
ciated with SARS-CoV-2 infection prior to vaccination.

Methods
Study design and population
This study is a secondary analysis of data from the
prospective cohort study “COVE-AL” in Albania to
evaluate COVID-19 vaccine effectiveness in preventing
SARS-CoV-2 infection among HCWs. Details of the
cohort study have been previously published.18

In early 2021, all employees at three publicly funded
hospitals in Albania (Durres, Fier, and Tirana) who were
eligible for vaccination were invited to participate in the
study, regardless of their intention to receive COVID-19
vaccine or known previous infections. Together the
hospitals employ 3740 staff (2021 data), corresponding
to one-third of all hospital-based HCWs in Albania.
Recruitment to the study was performed by publicizing
information within the three hospitals by email, word of
mouth, flyers, and social media. In addition, study staff
approached HCWs at various busy points in each of the
hospitals.17 At enrollment, participants completed a
survey, which included questions on demographics,
personal health information, date of prior confirmed
SARS-CoV-2 infection (RT-PCR, antigen rapid diag-
nostic test, or serology), occupation, performance of
aerosol generating procedures (APGs), influenza vacci-
nation during the 2020/2021 season, and COVID-19
vaccine history. During the study, a weekly
www.thelancet.com Vol 27 April, 2023
questionnaire was administered to all participants to
reassess COVID-19 vaccination status, including date of
vaccine receipt.17 Vaccination status was verified using
the national integrated immunization electronic system
(IIS) and the family care physician’s web-based system
(E-vizita) in order to ensure completeness and validity of
the vaccination data. In case of any discrepancies be-
tween the self-reported vaccination and IIS or E-vizita,
such as the date of vaccination, we relied on the data
from the national databases. However, for vaccinations
received abroad that had not been registered in IIS or E-
vizita, we used information reported by the participants.

At enrollment, we collected a serological sample
from each participant, as previously described.18 Sera
were tested for total IgG and IgM antibodies to SARS-
CoV-2 spike protein using WANTAI SARS-CoV-2 Ab
ELISA (WANTAI BioPharm, Beijing, China).19 Cut-off
values were determined according to manufacturer
guidelines.

Study data were uploaded and stored in the REDCap
system (Research Electronic Data Capture, Vanderbilt
University, Nashville, Tennessee, USA).20 For the present
analysis, we used data collected through 11 June 2022.

Statistical analysis
We conducted uni- and multivariable logistic regres-
sion analyses to identify 1) independent factors asso-
ciated with a) completing at least a primary (two-dose)
COVID-19 vaccine series and b) receiving a third dose
(among those receiving a primary series), and 2) in a
separate analysis, factors associated with testing posi-
tive at study enrollment for total IgG and IgM anti-
bodies against the SARS-CoV-2 spike protein. Our
primary exposures of interest in both analyses were
age, gender, any (self-reported) pre-existing chronic
condition (including cardiac disease, hypertension,
diabetes), body mass index (BMI), profession, smoking
habits, household size, patient care responsibilities,
hospital of employment, and receipt of seasonal influ-
enza vaccination during the 2020/2021 season. In the
vaccine analysis, we also included self-reported labo-
ratory-confirmed SARS-CoV-2 infection and serological
status (antibodies to SARS-CoV-2 spike protein at en-
rollment) as exposure variables.

We included all variables associated with the out-
come in the univariate analyses at a significance level of
P < .20 in the multivariable analysis. We used backwards
stepwise elimination to remove covariates that were not
significantly associated (P > .05) with the outcome in the
multivariable analysis. Variables with the smallest effect
were removed first. To assess the significance of each
variable removed, we conducted a likelihood ratio test
after each change. Only variables that significantly
contributed to explain the outcome (P < .05) were re-
tained in the main model.

We used the Mantel-Haenszel test for homogeneity
to investigate possible effect modification of age on the
3
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association between gender and vaccine receipt, and
gender and serological status. An interaction between
gender and age-group was included in the multivariable
analyses if the term was significant (P < .05). We com-
puted crude and adjusted odds ratios (OR and aOR) with
95% confidence interval (CI) for each analysis.

The one sample z-test of differences in proportion
was used to compare key demographic and occupational
characteristics of HCWs in our cohort with all HCWs
employed at the hospital at the start of the study.

For the seropositivity analysis, in order to ensure that
seropositivity reflected antibodies acquired through
natural infection rather than vaccination, we only in-
cluded participants who had a serum sample collected
either prior to receipt of their first COVID-19 vaccine or
within 5 days after receiving their first vaccine dose.
Individuals who had received only one COVID-19 vac-
cine dose by 11 June 2022 were excluded from the an-
alyses on factors associated with COVID-19 vaccination.

All analyses were performed with Stata 10.0 (Stata-
Corp, College Station, TX, USA).

Ethics
The study was approved by the Ethical Review Boards of
WHO (reference number CERC.0097A) and the Alba-
nian Institute of Public Health (reference number 156).
This activity was determined to meet the requirements
of public health surveillance as defined in 45 CFR
46.102(l) (2) (CDC reference number
0900f3eb81ce0ede). This study has been registered with
ClinicalTrials.gov (NCT04811391). All participants pro-
vided written informed consent.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
development of the manuscript.
Results
During 19 February 2021–7 May 2021, 1504 HCWs
enrolled in the study, corresponding to 40% of all
HCWs in the three hospitals (Supplemental Table S1).
Overall, age-groups were similar between the hospital
population and the cohort. A higher proportion of fe-
males and physicians were included in the study
compared with the overall workforce. However, abso-
lute differences in proportions were relatively small
(7%, or less).

Participants were mostly female [1132; (78.5%)] and
the median age was 44 years (range 22–71 years, IQR;
33–53 years). Most participants were employed at Tirana
University Hospital [942 (62.6%)] followed by Durres
Regional Hospital [300 (20.0%)] and Fier Regional Hos-
pital [262 (17.4%)]. HCWs included nurses andmidwives
[714 (47.5%); of whom 691 were nurses], physicians [305
(20.3%)], administrative and auxiliary staff [290 (19.3%)],
and janitors and food workers (support staff) [195
(13.0%)]. Nearly all participants reported to have some
patient contact at work [1434 (95.4%)]. In total, 535
participants (35.6%) reported having had a laboratory-
confirmed SARS-CoV-2 infection prior to enrollment,
and 420 (27.3%) reported receiving influenza vaccination
in the 2020/2021 season.

Predictors of COVID-19 vaccination
By 11 June, 2022 (the cut-off date for analysis), 1337
(88.9%) participants had received at least a primary
COVID-19 vaccine series (1082 (71.9%) received two
doses, and 255 (16.9%) received three doses), 52 (3.5%)
had received one dose, while 115 (7.7%) remained un-
vaccinated (Supplemental Table S2). During the 18
month study period, 68 participants (4.5%) dropped out
or were lost to follow-up, of whom 17 (25%) were not
vaccinated, 7 (11.3%) had received one dose, 37 (54.4%)
two doses, and 7 (11.3%) three doses. A minority [11
(16.2%)] left the study within the first 9 months.

For the primary vaccine series, most participants
were vaccinated with the Pfizer-BioNTech vaccine
(87.9%) followed by Oxford-AstraZeneca (11.3%). Less
than 1% received CoronaVac or Moderna. Completion
of the primary (two-dose) vaccination series increased
faster among male HCWs compared to female HCWs
(Fig. 1). Uptake among female HCWs progressed most
slowly in the age-group <35 years.

Factors associated with receiving a COVID-19
primary vaccine course
In the univariable analysis, factors most strongly asso-
ciated with receiving at least a primary vaccine series
were being ≥35 years, smoking (current and former),
working in Fier Hospital, having direct contact with
patients, caring for patients ≥65 years, while previous
infection with SARS-CoV-2 and female sex was associ-
ated with a lower uptake (Table 1). We found no
interaction between age and sex (χ2 = 4.55, P = .208).

In themultivariable model (Table 1), factors positively
associated with receiving at least the COVID-19 primary
vaccine series (P < .05) were being in any age-group ≥35
years (35–44 years: aOR 2.07, 95% CI 1.26–3.41; 45–54
years: aOR 4.62, 95% CI 2.47–8.67; and ≥55 years: aOR
2.37, 95% CI 1.36–4.13), having any patient contact (aOR
3.40, 95% CI 1.67–6.93), and being a current or former
smoker (aOR 2.03, 95% CI 1.01–4.08). Female HCWs
had lower odds of vaccination (aOR 0.45, 95% CI
0.24–0.83) as did staff with a prior SARS-CoV-2 infection
(aOR 0.67, 95% CI 0.45–0.99).

Factors associated with receiving a COVID-19
booster dose
Among participants who completed a primary vaccine
series (n = 1337), 255 (19.1%) received a third dose, all
but one with Pfizer-BioNTech. In the univariable anal-
ysis, booster dose receipt was significantly associated
www.thelancet.com Vol 27 April, 2023
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Fig. 1: Monthly cumulative percent of health care workers receiving second dose of COVID-19 vaccine by gender and age-group (years), January
2021–June 2022, Albania. On the x-axis; blue dot = time when COVID-19 vaccination became mandatory for health care workers (June 2021),
and grey dot = time when mandatory COVID-19 vaccination requirement was lifted (January 2022).
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with age-group, gender, presence of medical conditions,
smoking status, patient group cared for, BMI, hospital
of employment, and household size (Table 2). The
Mantel-Haenszel test for homogeneity did not suggest
any interaction between gender and age on their effect
on receiving a booster dose (χ2 = 1.76, P = .623).

In the multivariable analysis, HCWs ≥35 years
(35–44 years: aOR 1.76, 95% CI 1.05–2.97; 45–54 years:
www.thelancet.com Vol 27 April, 2023
aOR 3.11, 95% CI 1.92–5.05; and ≥55 years: aOR 3.38,
95% CI 2.04–5.59) and HCWs who received the 2020/
2021 influenza vaccine (aOR 1.78, 95% CI 1.20–2.64)
had statistically significant higher odds of being vacci-
nated with a booster dose. In contrast, the odds of
receiving a booster was lower among female HCWs
(aOR 0.58, 95% CI 0.41–0.81), HCWs working in
Durres hospital (aOR 0.25, 95% CI 0.14–0.45),
5
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Characteristics N = 1452 COVID-19 vaccination status Unadjusted Odds Ratio (OR) Adjusted Odds Ratio (aOR)

Not vaccinated
N = 115 (%)

Vaccinated two
doses N = 1337 (%)

OR (95% CI) p-value aOR (95% CI) p-value

Age group (years) – – – – – –

≤34 (n = 390) 57 (14⋅6) 333 (85⋅4) Reference – Reference –

35–44 (n = 346) 26 (7.5) 320 (92.5) 2.11 (1.29–3.43) 0.003 2.07 (1.26–3.41) 0.004

45–54 (n = 408) 13 (3.2) 395 (96.8) 5.20 (2.80–9.67) <0.001 4.62 (2.47–8.67) <0.001

≥55 (n = 308) 19 (6.2) 289 (93.8) 2.60 (1.51–4.48) 0.001 2.37 (1.36–4.13) 0.002

Gender – – – – – –

Male (n = 312) 13 (4.2) 299 (95.8) Reference – Reference –

Female (n = 1140) 102 (9.0) 1038 (91.0) 0.44 (0.24–0.80) 0.007 0.45 (0.24–83) 0.010

Influenza vaccination in 2020–2021 – – – – – –

No (n = 1048) 90 (8.6) 958 (91.4) Reference – Reference –

Yes (n = 404) 25 (6.2) 379 (93.8) 1.42 (0.90–2.25) 0.131 1.96 (0.98–3.92) 0.059

Study site – – – – – –

Tirana (n = 914) 79 (8.6) 835 (91.4) Reference – Reference –

Fier (n = 291) 13 (4.5) 278 (95.5) 2.02 (1.11–3.69) 0.022 1.83 (0.98–3.40) 0.057

Durres (n = 247) 23 (9.3) 224 (90.7) 0.92 (0.57–1.50) 0.742 0.57 (0.27–1.21) 0.145

Patient contact – – – – – –

No (n = 66) 12 (18.2) 54 (81.8) Reference – Reference –

Yes (n = 1386) 103 (7.4) 1283 (92.6) 2.77 (1.44–5.34) 0.002 3.40 (1.67–6.93) 0.001

Prior self-reported laboratory confirmed
SARS-CoV-2 infection

– – – – – –

No (n = 939) 64 (6.8) 875 (93.2) Reference – Reference –

Yes (n = 513) 51 (9.9) 462 (90.1) 0.66 (0.45–0.97) 0.036 0.67 (0.45–0.99) 0.048

Pre-existing conditions – – – – – –

No (n = 1166) 100 (8.6) 1066 91.4) Reference – Reference –

Yes (n = 286) 15 (5.2) 271 (94.8) 1.69 (0.97–2.96) 0.064 1.21 (0.65–2.29) 0.545

Smoking habits – – – – – –

Never smoked (n = 1190) 105 (8.8) 1085 (91.2) Reference – Reference –

Current and former smoker (n = 262) 10 (3.8) 252 (96.2) 2.44 (1.26–4.73) 0.008 2.03 (1.01–4.08) 0.046

Care for older patients (65+) – – – – – –

No (n = 649) 63 (9.7) 586 (90.3) Reference – Reference –

Yes (n = 803) 52 (6.5) 751 (93.5) 1.55 (1.06–2.28) 0.024 1.11 (0.74–1.70) 0.607

Body mass indexb – – – – – –

≤24.9 (n = 605) 61 (10.1) 544 (89.9) Reference – Reference –

≥25.0–29.9 (n = 584) 34 (5.8) 550 (94.2) 1.81 (1.17–2.80) 0.007 1.15 (0.71–1.87) 0.563

≥30.0 (n = 263) 20 (7.6) 243 (92.4) 1.36 (0.80–2.31) 0.250 0.80 (0.44–1.43) 0.447

Occupation – – – – – –

Physician (n = 297) 14 (4.7) 283 (95.3) Reference – Reference –

Nurses, midwifes (n = 696) 56 (8.1) 640 (91.9) 0.57 (0.31–1.03) 0.063 0.80 (0.43–1.49) 0.477

Support staff (n = 189) 11 (5.8) 178 (94.2) 0.80 (0.36–1.80) 0.591 0.77 (0.33–1.82) 0.556

Administrative staff (n = 270) 34 (12.6) 236 (87.4) 0.34 (0.18–0.65) 0.001 0.54 (0.27–1.08) 0.082

Antibodies against SARS-CoV-2 spike
protein at enrollment

– – – – – –

No (n = 409) 30 (7.3) 379 (92.7) Reference – – –

Yes (n = 1043) 85 (8.2) 958 (91.6) 0.89 (0.58–1.38) 0.605 – –

Household size – – – – – –

Live with 1 person (n = 23) 2 (8.7) 21 (91.3) Reference – – –

Live with 2 people (n = 161) 18 (11.2) 143 (88.8) 0.76 (0.16–3.50) 0.721 – –

Live with 3 people (n = 368) 26 (7.1) 342 (92.9) 1.25 (0.28–5.64) 0.769 – –

Live with 4 people (n = 463) 40 (8.6) 423 (91.4) 1.01 (0.23–4.45) 0.993 – –

Live with 5+ people (n = 437) 29 (6.6) 408 (93.4) 1.34 (0.30–6.00) 0.702 – –

(Table 1 continues on next page)
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Characteristics N = 1452 COVID-19 vaccination status Unadjusted Odds Ratio (OR) Adjusted Odds Ratio (aOR)

Not vaccinated
N = 115 (%)

Vaccinated two
doses N = 1337 (%)

OR (95% CI) p-value aOR (95% CI) p-value

(Continued from previous page)

Regular performance aerosol generating
procedures

– – – – – –

No (n = 716) 57 (8.8) 659 (92.0) Reference – –

Yes (n = 736) 58 (7.9) 678 (92.1) 1.01 (0.69–1.48) 0.955 – –

Patient-facing role – – – – – –

No (n = 570) 47 (8.3) 523 (91.7) Reference – – –

Yes (n = 882) 68 (7.7) 814 (92.3) 1.08 (0.73–1.59) 0.712 – –

aExcluding 52 participants who only received one COVID-19 vaccine dose. bBody mass index was calculated based on self-reported height and weight and grouped into the following three categories: 1)
underweight (<18.5) and healthy weight (18.5–24.9), 2) overweight (25.0–29.9), and 3) obesity (≥30.0).

Table 1: Characteristics associated with uptake of at least two-doses of COVID-19 vaccine among health care workers in Albania, June 2022a.

Characteristics N = 1337 Vaccination status Unadjusted Odds Ratio (OR) Adjusted Odds Ratio (aOR)

Vaccinated with
two doses
N = 1082 (%)

Vaccinated with
three doses
N = 255 (%)

OR (95% CI) p-value aOR (95% CI) p-value

Age group – – – – – –

≤34 (n = 333) 303 (91.0) 30 (9.0) Reference – Reference –

35–44 (n = 320) 269 (84.1) 51 (15.9) 1.91 (1.18–3.09) 0.008 1.76 (1.05–2.97) 0.033

45–54 (n = 395) 297 (75.2) 98 (24.8) 3.33 (2.15–5.17) <0.001 3.11 (1.92 5.05) <0.001

≥55 (n = 289) 213 (73.7) 76 (26.3) 3.60 (2.28–5.69) <0.001 3.38 (2.04–5.59) <0.001

Gender – – – – – –

Male (n = 299) 209 (69.9) 90 (30.1) Reference – Reference –

Female (n = 1038) 873 (84.1) 165 (15.9) 0.44 (0.33–0.59) <0.001 0.58 (0.41–0.81) 0.002

Influenza vaccination in 2020–2021 – – – – – –

No (n = 958) 784 (81.8) 174 (18.2) Reference – Reference –

Yes (n = 379) 298 (78.6) 81 (21.4) 1.22 (0.91–1.65) 0.179 1.78 (1.20–2.64) 0.004

Study site – – – – – –

Tirana (n = 835) 655 (78.4) 180 (21.6) Reference – Reference –

Fier (n = 278) 224 (80.6) 54 (19.4) 0.88 (0.62–1.23) 0.450 0.73 (0.50–3.07) 0.110

Durres (n = 224) 203 (90.6) 21 (9.4) 0.38 (0.23–0.61) <0.001 0.25 (0.14–0.45) <0.001

Occupation – – – – – –

Physician (n = 283) 165 (58.3) 118 (41.7) Reference – Reference –

Nurse, midwifes (n = 640) 544 (85.0) 96 (15.0) 0.25 (0.18–0.34) <0.001 0.31 (0.22–0.45) <0.001

Support staff (n = 178) 157 (88.2) 21 (11.8) 0.19 (0.11–0.31) <0.001 0.19 (0.11–0.32) <0.001

Administrative staff (n = 236) 216 (91.3) 20 (8.5) 0.13 (0.08–0.22) <0.001 0.15 (0.09–0.26) <0.001

Prior self-reported laboratory confirmed
SARS-CoV-2 infection

– – – – – –

No (n = 875) 703 (80.3) 172 (19.7) Reference – Reference –

Yes (n = 462) 379 (82.0) 83 (18.0) 0.79 (0.58–1.07) 0.454 0.67 (0.48–0.93) 0.016

Household size – – – – – –

Live with 1 person (n = 21) 11 (52.4) 10 (47.6) Reference – Reference –

Live with 2 people (n = 143) 99 (69.2) 44 (30.8) 0.49 (0.19–1.24) 0.130 0.54 (0.19–1.49) 0.235

Live with 3 people (n = 342) 281 (82.2) 61 (17.8) 0.24 (0.10–0.59) 0.002 0.25 (0.09–0.69) 0.007

Live with 4 people (n = 423) 351 (83.0) 72 (17.0) 0.23 (0.09–0.55) 0.001 0.22 (0.08–0.59) 0.003

Live with 5+ people (n = 408) 340 (83.3) 68 (16.7) 0.22 (0.09–0.54) 0.001 0.22 (0.08–0.60) 0.003

Pre-existing conditions – – – – – –

No (n = 1066) 879 (82.5) 187 (17.5) Reference – Reference –

Yes (n = 271) 203 (74.9) 68 (25.1) 1.57 (1.15–2.16) 0.005 1.06 (0.72–1.55) 0.784

(Table 2 continues on next page)
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Characteristics N = 1337 Vaccination status Unadjusted Odds Ratio (OR) Adjusted Odds Ratio (aOR)

Vaccinated with
two doses
N = 1082 (%)

Vaccinated with
three doses
N = 255 (%)

OR (95% CI) p-value aOR (95% CI) p-value

(Continued from previous page)

Smoking habits – – – – – –

Never smoked (n = 1085) 900 (82.9) 185 (17.1) Reference – Reference –

Current and former smoker (n = 252) 182 (72.2) 70 (27.8) 1.87 (1.36–2.57) <0.001 1.42 (0.96–2.12) 0.083

Care for older patients (≥65 years) – – – – – –

No (n = 586) 503 (85.8) 83 (14.3) Reference – Reference –

Yes (n = 751) 579 (77.1) 172 (22.9) 1.80 (1.35–2.40) <0.001 1.27 (0.92–1.75) 0.152

Patient-facing Role – – – – – –

No (n = 523) 435 (83.2) 88 (16.8) Reference – Reference –

Yes (n = 814) 647 (79.5) 167 (20.5) 1.28 (0.96–1.70) 0.094 0.93 (0.61–1.44) 0.761

Body mass indexa – – – – – –

≤24.9 (n = 544) 468 (86.0) 76 (14.0) Reference – Reference –

≥25.0–29.9 (n = 550) 429 (78.0) 121 (22.0) 1.74 (1.27–2.38) 0.001 1.37 (0.95–1.99) 0.096

≥30.0 (n = 243) 185 (76.1) 58 (23.9) 1.93 (1.32–2.83) 0.001 1.47 (0.95–2.28) 0.083

Antibodies against SARS-CoV-2 spike protein
at enrollment

– – – – – –

No (n = 409) 296 (78.1) 83 (21.9) Reference – Reference –

Yes (n = 1043) 786 (82.1) 172 (17.9) 0.78 (0.58–1.05) 0.098 0.91 (0.64–1.30) 0.594

Regular performance of aerosol generating
procedures

– – – – – –

No (n = 659) 536 (81.3) 123 (18.7) Reference – – –

Yes (n = 678) 546 (80.5) 132 (19.5) 1.05 (0.80–1.38) 0.708 – –

Any patient contact – – – – – –

No (n = 54) 45 (83.3) 9 (16.7) Reference – – –

Yes (n = 1283) 1037 (80.8) 246 (19.2) 1.19 (0.57–2.45) 0.646 – –

aBody mass index was calculated based on self-reported height and weight and grouped into the following three categories: 1) underweight (<18.5) and healthy weight (18.5–24.9), 2) overweight
(25.0–29.9), and 3) obesity (≥30.0).
Table 2: Characteristics associated with uptake of COVID-19 vaccine booster among health care workers receiving at least two doses in Albania, June 2022.
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non-physicians (e.g. nurses and midwives: aOR 0.31,
95% CI 0.22–0.45), HCWs previously infected with
SARS-CoV-2 (aOR 0.67, 95% CI 0.48–0.93), and those
living with 3 or more people in the household (e.g.
living with 4 people: aOR 0.22, 95% CI 0.08–0.59)
(Table 2).

Factors associated with SARS-CoV-2 seropositivity
Eleven participants were vaccinated against COVID-
19 > 5 days before their enrollment serology sample was
collected and were excluded from the analysis. Of the
1493 study participants included, 1076 (72%) had sero-
logical evidence of prior SARS-CoV-2 infection at
enrollment. Among these, less than half [492 (45.7%)]
reported having had a previous laboratory-confirmed
SARS-CoV-2 infection, while 39 (9.4%) of the 417 par-
ticipants with a negative serological result reported
having had a laboratory-confirmed COVID-19 infection
prior to enrollment.

In the multivariable logistic regression model, the
only factors that remained positively associated with
SARS-CoV-2 seropositivity (P < .05) were working as a
nurse or midwife (aOR 1.45, 95% CI 1.05–2.02), working
as a janitor or food worker (aOR 1.57, 95% CI 1.03–2.41),
working at Tirana University Hospital (aOR 1.46, 95% CI
1.09–1.96), and performing AGPs (aOR 1.40, 95% CI
1.01–1.94) (Table 3). Current smokers had statistically
significant lower odds of being seropositive compared
with non-smokers (aOR 0.55, 95% CI 0.40–0.75).
Discussion
In our study evaluating SARS-CoV-2 seroprevalence and
COVID-19 vaccine uptake among HCWs in Albania,
nearly three-quarters of hospital HCWs had evidence of
previous SARS-CoV-2 infection 12 months into the
pandemic. In addition, while a high proportion of
HCWs (almost 90%) had received two doses of COVID-
19 vaccine by June 2022, demand slowed substantially
after reaching 60% in the first three months of the
programme. Similar initial rapid increase in COVID-19
vaccination uptake among HCWs in the first months of
vaccine rollout followed by a slowdown has been
observed in a number of other countries.6,21 Moreover,
www.thelancet.com Vol 27 April, 2023
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Characteristics N = 1493 Antibodies against SARS-CoV-2
spike protein

Unadjusted Odds Ratio (OR) Adjusted Odds Ratio (aOR)

Negative
N = 417 (%)

Positive
N = 1076 (%)

OR (95% CI) p-value aOR (95% CI) p-value

Age group (years) – – – – – –

≤34 (n = 416) 103 (24.8) 313 (75.2) Reference – Reference –

35–59 (n = 972) 282 (29.0) 690 (71.0) 0.81 (0.62–1.05) 0.105 0.88 (0.67–1.16) 0.362

≥60 (n = 105) 32 (30.5) 73 (69.5) 0.75 (0.47–1.20) 0.233 0.85 (0.52–1.40) 0.529

Gender – – – – – –

Male (n = 316) 111 (35.1) 205 (64.9) Reference – Reference –

Female (n = 1177) 306 (26.0) 871 (74.0) 1.54 (1.18–2.01) 0.001 1.22 (0.90–1.65) 0.210

Smoking habits – – – – – –

Never smoked (n = 1224) 320 (26.1) 904 (73.9) Reference – Reference –

Previous smoker (n = 68) 14 (20.6) 54 (79.4) 1.36 (0.74–2.49) 0.31 1.74 (0.94–3.22) 0.080

Current smoker (n = 201) 83 (41.3) 118 (58.7) 0.50 (0.37–0.69) <0.001 0.55 (0.40–0.75) <0.001

Study site – – – – – –

Fier Hospital (n = 296) 96 (32.4) 200 (67.6) Reference – Reference –

Durres Hospital (n = 262) 85 (32.4) 177 (67.6) 1.00 (0.70–1.43) 0.998 1.04 (0.72–1.50) 0.847

Tirana University Hospital (n = 935) 236 (25.2) 699 (74.8) 1.42 (1.07–1.89 0.015 1.46 (1.09–1.96) 0.011

Occupation – – – – – –

Physicians (n = 296) 95 (32.1) 201 (67.9) Reference – Reference –

Nurse, midwifes (n = 713) 164 (23.0) 549 (77.0) 1.58 (1.17–2.14) 0.003 1.45 (1.05–2.02) 0.026

Support staff (n = 195) 55 (28.2) 140 (71.8) 1.20 (0.81–1.79) 0.360 1.57 (1.03–2.41) 0.039

Administrative staff (n = 289) 103 (35.5) 186 (64.5) 0.85 (0.61–1.20) 0.365 1.02 (0.71–1.50) 0.886

Regular performance of aerosol
generating procedures

– – – – – –

No (n = 741) 243 (32.8) 498 (67.2) Reference – Reference –

Yes (n = 752) 174 (23.1) 578 (76.9) 1.62 (1.29–2.04) <0.001 1.40 (1.01-1.94) 0.044

Patient-facing Role – – – – – –

No (n = 594) 192 (32.3) 402 (67.7) Reference – Reference –

Yes (n = 899) 225 (25.0) 674 (75.0) 1.43 (1.13–1.80) 0.002 1.01 (0.62–1.63) 0.976

Influenza vaccination 2020/2021 – – – – – –

No (n = 1075) 287 (26.7) 788 (73.3) Reference – Reference –

Yes (n = 418) 130 (31.1) 288 (68.9) 0.81 (0.63–1.03) 0.089 0.82 (0 59–1.15) 0.254

Any patient contact – – – – – –

No (n = 70) 21 (30.0) 49 (70.0) Reference – – –

Yes (n = 1423) 396 (27.8) 1027 (72.2) 1.11 (0.66–1.88) 0.693 – –

Care for older patients (≥65 years) – – – – – –

No (n = 682) 195 (28.6) 487 (71.4) Reference – – –

Yes (n = 811) 222 (27.4) 589 (72.6) 1.06 (0.85–1.33) 0.601 – –

Body mass indexb – – – – – –

≤24.9 (n = 633) 187 (29.5) 446 (70.5) Reference – – –

≥25.0–29.9 (n = 589) 157 (26.7) 432 (73.3) 1.15 (0.90–1.48) 0.262 – –

≥30.0 (n = 271) 73 (26.9) 198 (73.1) 1.13 (0.83–1.56) 0.428 – –

Pre-existing conditions – – – – – –

No (n = 1203) 337 (28.0) 866 (72.0) Reference – – –

Yes (n = 290) 80 (27.6) 210 (72.4) 1.02 (0.77–1.36) 0.884 – –

Household size – – – – – –

Live with 1 person (n = 23) 7 (30.4) 16 (69.6) Reference – – –

Live with 2 people (n = 166) 41 (24.7) 125 (75.3) 1.33 (0.51–3.47) 0.555 – –

Live with 3 people (n = 385) 114 (29.6) 271 (70.4) 1.04 (0.42–2.60) 0.933 – –

Live with 4 people (n = 475) 125 (26.3) 350 (73.7) 1.23 (0.50–3.05) 0.663 – –

Live with ≥5 people (n = 444) 130 (29.3) 314 (70.7) 1.06 (0.42–2.63) 0.906 – –

aExcluding 11 participants who received their first COVID-19 vaccine >5 days before enrollment in the study. bBody mass index was calculated based on self-reported height and weight and grouped into
the following three categories: 1) underweight (<18.5) and healthy weight (18.5–24.9), 2) overweight (25.0–29.9), and 3) obesity (≥30.0).

Table 3: Characteristics associated with presence of antibodies against severe acute respiratory syndrome coronavirus-2 spike protein among health care workers, February–May
2021a.
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in June 2022, less than one in five HCWs had received a
booster dose, despite that national recommendations for
a third COVID-19 vaccine dose for HCWs in Albania
were in place since 1 November 2021, and numerous
studies demonstrating the protective effect of a third
vaccine dose, particularly in preventing severe dis-
ease.22,23 Similar low uptake of booster doses has been
reported among HCWs in other upper MICs in Europe,
where on average 7.8% HCWs received a booster, but
also in the general population of Albania, where only
11% had received a booster by June 2022.6

In our study, female HCWs were less likely to be
vaccinated compared with male colleagues. Vaccination
uptake was particularly low among females <35 years
(primary series: 78.6%, booster dose: 6.8% - data not
shown). Other large post-introduction surveys in Israel
and the United States have also documented lower
COVID-19 vaccine uptake among female HCWs
compared with male HCWs (aOR 0.65, 95% CI
0.58–0.73 and aOR 0.83, 95% CI 0.79–0.88),24,25 respec-
tively. Moreover, several studies on willingness to
vaccinate have reported lower intention to receive
COVID-19 vaccine among female HCWs of reproduc-
tive age.7,9,24,26 This observation has partly been attributed
to concerns about adverse effects of COVID-19 vaccines
on fertility and pregnancy,26–28 despite the lack of evi-
dence of an association.29,30 Addressing these concerns,
describing the potential harms of SARS-CoV-2 infection
in pregnant women and their newborns31,32 and high-
lighting the potential benefits of COVID-19 vaccine in
pregnant women33,34 may help increase vaccine uptake
in female HCWs.

Prior and current smoking was associated with a
higher uptake of a primary vaccine series compared with
never-smokers, although the absolute difference was
small (5%). Additionally, the effect was borderline sig-
nificant (P = .046), and the association may be spurious
in the context of multiple testing. A higher proportion of
former and current smokers were also vaccinated with a
booster dose compared with never-smokers; however,
this association did not reach statical significance in the
subgroup analysis after multivariable adjustment. It may
be that knowledge about increased risk of severe disease
and death from COVID-1935 among former and current
smokers motivated this group to get vaccinated, but the
effect size was small.

Although the difference was small, HCWs with a
known SARS-CoV-2 infection prior to enrollment had
a lower two- and three-dose vaccine uptake compared
to those with no self-reported history of SARS-CoV-2
infection. A large multicenter study in the United
States also found that HCWs with prior SARS-CoV-2
infection had lower vaccine uptake (OR 0.55, 95%
CI, 0.51–0.58).25 Likewise, a study from Azerbaijan
showed that HCWs who were not previously infected
with COVID-19 were 7 times more likely to be vacci-
nated compared with individuals with a previous
infection.36 Individuals with a prior infection may
decline vaccination due to a belief that naturally ac-
quired immunity reduces the risk of re-infection to the
extent that vaccination is no longer beneficial. How-
ever, a number of studies have demonstrated the
added benefit of vaccination following natural infec-
tion (hybrid immunity), which has been shown to in-
crease the durability and breadth of immunity against
SARS-CoV-2, and confer very high protection against
hospitalization.37–40 Our study also adds to the growing
evidence-base that seasonal influenza vaccination,
which has been recommended for all HCWs in
Albania since 2014,41 is a predictor for COVID-19
vaccine receipt. A meta-analysis on factors associated
with HCWs’ intention to receive COVID-19 vaccina-
tion found that HCWs who were previously vaccinated
against influenza had a higher likelihood of accepting
COVID-19 vaccines (OR 2.97, 95% CI 1.82–4.84).7

Likewise, studies from Azerbaijan and Georgia fou-
nd that HCWs with prior influenza vaccination were
more likely to be vaccinated against COVID-19 (OR
2.30, 95% 1.67–3.2036; and OR 2.98, 95% CI
2.19–4.08),42 respectively). This relationship has been
ascribed to an overall positive attitude about vaccina-
tion, including a belief that vaccines are safe and
effective, a higher perceived threat of respiratory dis-
eases, and hence increased benefit of vaccination.43,44

These findings support the supposition that a sea-
sonal influenza vaccination programme provides a
foundation for pandemic preparedness in part by
increasing the probability that individuals will receive
a future pandemic vaccine,45 even for a pandemic not
caused by influenza.

We found that non-physicians were significantly less
likely to receive a booster dose compared with physi-
cians, which is particularly concerning in view of the
increased risk of SARS-CoV-2 infection observed among
nurses and nonclinical support staff in this study. This
finding has been described in other studies.9,25

Vaccination uptake varied across study sites; uptake
was lowest in Durres hospital for both the primary se-
ries and booster dose. Since COVID-19 vaccines were
equally accessible at all three hospitals, variation in
vaccine uptake may be linked to differences in promo-
tion of vaccination at the hospitals, peer influence, in-
dividual motivation, or other factors which could not be
investigated within this study.

Additionally, we found that staff living in house-
holds with ≥4 members were less likely to receive a
third COVID-19 vaccine dose compared with
two-person households. This finding may be explained
by differences in socio-economic status; other studies
have shown that higher income is associated with
higher COVID-19 vaccine uptake among HCWs.9 In
Albania, households with dependent children have
lower reported household income than households
without.46 If larger households in our study represent
www.thelancet.com Vol 27 April, 2023
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families with children, this could be a proxy for socio-
economic status.

While a number of serological studies have been
conducted among HCWs in high-income settings in
Europe,12 our findings provide a rare insight into po-
tential risk factors for infection among HCWs in an
upper middle-income country in Eastern Europe during
the first year of the pandemic. The high seroprevalence
among HCWs presented here is consistent with high
SARS-CoV-2 seropositivity (48.2%) described in a pop-
ulation survey conducted in Albania in December 2020,
just 2–4 months prior to our study.47 The considerably
higher seroprevalence in our HCW population
compared to the general population may reflect both the
emergence of the SARS-CoV-2 alpha variant in early
2021 in Albania and occupational exposure. In addition,
SARS CoV-2 seroprevalence among HCWs in this study
was noticeably higher compared to HCWs in HICs in
Europe; 20 studies among HCWs in 9 HICs in Europe
during the same period (January–May 2021) found
seropositivity rates ranging from 5.2%–53.1%.12 How-
ever, our rates were similar to the rate of seropositivity
(69.5%) among HCWs in Bosnia and Herzegovina,
another middle-income country in the same region, at
roughly the same time.48 Variation in risk of nosocomial
infections and in intensity of SARS-CoV-2 community
transmission between countries may partially explain
these differences.

Over half of seropositive participants did not report a
prior laboratory-diagnosed SARS-CoV-2 infection.
Because COVID-19 testing of symptomatic individuals
in Albania was quite common early in the pandemic,
this finding likely reflects high numbers of asymptom-
atic infections. Our findings are consistent with those
from a recent meta-analysis, which found that the pro-
portion of asymptomatic infections among SARS-CoV-2
confirmed populations was 41% (95% CI, 34%–48%).49

Study participants who regularly performed AGPs
were also significantly more likely to have had a SARS-
CoV-2 infection compared with those not performing
the procedure, a finding that has been reported in other
studies.50 This finding underscores the importance of
consistent infection, prevention and control measures
for staff at increased occupational risk. Moreover,
HCWs working in a nursing or midwifery role, or as
support staff (janitorial staff or food workers), were at
higher risk of infection compared to physicians. These
findings are very similar to those from a large cohort
study in the United Kingdom that found that HCWs
working in nursing and midwifery roles were more
likely to be infected compared with physicians (aOR
1.30, 95% CI 1.11–1.53),51 and to a study in Italy where
nurses had a higher odds of infection compared to
administrative staff (aOR 1.28, 95% CI, 1.17–1.41), but
physicians did not.52 In our study population, nurses,
midwifes, and support staff may have been at increased
risk of exposure to SARS-CoV-2 due to closer and more
www.thelancet.com Vol 27 April, 2023
prolonged contact with COVID-19 patients or less access
to personal protective equipment. Nevertheless, differ-
ences in non-occupational risk, including disparities in
socio-economic status and household composition (with
and without children), which we did not evaluate in this
study, may also have contributed to this finding.

Finally, SARS-CoV-2 seroprevalence appeared to be
significantly lower among current smokers compared
with those who never smoked. Two other studies from
England and Italy also found that HCWs who smoked
were less likely than non-smokers to have SARS-CoV-2
antibodies; OR 0.63, 95% CI 0.50–0.79,51 and aOR
0.41, 95% CI 0.27–0.61,53 respectively. Lower prevalence
of SARS-CoV-2 antibodies among current smokers
compared with non-smokers has also been documented
in large population-based surveys (aOR 0.64, 95% CI
0.58–0.71).54 Reasons for this observation may include
residual confounding. Alternatively, smokers may have
avoided infection-prone settings due to awareness of
their increased risk of severe disease. However, several
studies have suggested that smoking is associated with
overall reduced levels of IgA, IgG and IgM titers, and of
IgG following SARS-CoV-2 infection or COVID-19
vaccination,55–59 hence a lower seroprevalence among
smokers could be an artefact.

Strengths and limitations
Strengths of our study include a methodologically
rigorous protocol with a relatively large sample of
HCWs from three hospitals that employ one-third of all
hospital-based staff in Albania. In addition, the study
was conducted in a region where data on seropositivity
and factors associated with COVID-19 vaccine uptake
are sparse. The analysis benefitted from the complete-
ness of enrollment data, and the use of serology in
addition to laboratory-confirmed outcomes, to deter-
mine factors associated with SARS-CoV-2 infection.
Finally, the prospective study design allowed us to
follow changes in vaccination uptake over time, and the
number of participants who withdrew or were lost to
follow-up was low.

Our study, however, has a number of limitations.
First, because participants were selected by convenience
sample, the study may suffer from self-selection bias by
potentially attracting HCWs more willing to engage with
research and science, more likely to get vaccinated, or
more likely to suspect prior infection, which could
impact measures of effect and potentially overestimate
vaccination uptake and SARS-CoV-2 seroprevalence.
Also, although our sample was broadly representative of
all hospital staff in terms of demographic and occupa-
tional characteristics, females and physicians were
slightly overrepresented. Both characteristics were
associated with vaccination and seropositivity status;
however, the effects were in opposite directions in the
two analyses, and we cannot assess how this may have
affected the overall vaccine uptake and seroprevalence
11
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estimates. Second, we included 68 dropouts in the
analysis of predictors for COVID-19 uptake and it is
possible that some misclassification regarding vaccina-
tion status might have occurred. However, most with-
drawals occurred much later in the analysis period,
when few HCWs were vaccinated with primary series or
booster doses.

Third, while primary series and booster dose vaccine
uptake were similar to those reported among all Alba-
nian HCWs for the same period (82.7% and 17%
respectively),6 we did not have data on the demographic
and occupational distribution of all HCWs in Albania to
assess if participants in our study were generally
representative of hospital workers in the country.
Fourth, we did not collect specific information about
potential exposures at the time of SARS-CoV-2 infec-
tion, and therefore we could not discern whether in-
fections were occupational or community-acquired.
Likewise, information on participant characteristics was
only collected at time of enrollment, and therefore we
could not control for potential time-varying covariates.
However, we believe this limitation is unlikely to have
impacted the results significantly: For example, Alba-
nian HCWs rarely change their occupational role, a
variable associated with both vaccination uptake and
SARS-CoV-2 seropositivity. We also did not have data on
SARS-CoV-2 infections occurring between the admin-
istration of primary vaccine series and booster dose
available for this analysis and other potentially impor-
tant variables such as socio-economic status, and thus
we cannot exclude residual confounding.

Lastly, as the sensitivity of the Wantai test has been
shown to have a sensitivity of 87% (95% CI 79–92) and a
specificity 100% (95% CI 99–100),60 we may have mis-
classified a small number (n ≈ 161) of cases as sero-
negative, slightly underestimating the SARS-CoV-2
seroprevalence in the cohort. Due to the high specificity
of the test, false positives were unlikely. Any underesti-
mation would likely be equal among subgroups, and
therefore would not change our findings about dispar-
ities in seropositivity.

Conclusion
We found very high SARS-CoV-2 seroprevalence
among HCWs in Albania one year into the pandemic
and identified occupational factors associated with a
higher risk of infection. These findings call for further
investigation of the reasons for disparate infection rates
to inform appropriate preventative measures to reduce
work-related SARS-CoV-2 infections. While a large
majority of HCWs in our study were vaccinated with
two COVID-19 vaccine doses, efforts should be made to
better understand the reasons for low booster dose
uptake particularly among young, female, non-
physician HCWs in order to develop tailored in-
terventions to increase vaccination coverage. This issue
should be urgently addressed in order to protect HCWs
and preserve essential health services during future
waves of SARS-CoV-2.
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