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Abstract
Introduction: Characterizing immunological response following COVID-19 vaccination is an important public 
health issue. The objectives of the present analysis were to investigate the proportion, level and the determinants 
of humoral response from 21 days to three months after the first dose in vaccinated healthcare workers (HCWs). 
Methods: We abstracted data on level of anti-SARS-CoV-2 Spike antibodies (IgG) and sociodemographic charac-
teristics of 17,257 HCWs from public hospitals and public health authorities from three centers in Northern Italy 
who underwent COVID-19 vaccination (average 70.6 days after first dose). We fitted center-specific multivariate 
regression models and combined them using random-effects meta-analyses. Results: A humoral response was elicited 
in 99.3% of vaccinated HCW. Female sex, young age, and previous COVID-19 infection were predictors of post-
vaccination antibody level, and a positive association was also detected with pre-vaccination serology level and with 
time between pre- and post-vaccination testing, while a decline of antibody level was suggested with time since vac-
cination. Conclusions: These results stress the importance of analyzing retrospective data collected via occupational 
health surveillance of HCWs during the COVID-19 epidemic and following vaccination. They need to be confirmed 
in larger series based on prospectively collected data.
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ter the first or second dose of mRNA vaccines in a 
sample of HCW, and the associations for sex, age, 
job title, previous positive PCR test, time since vac-
cination and pre-vaccination serology level.

Methods

Cohorts of HCWs employed in teaching hos-
pitals and public health administrations in three 
Italian centers (Bologna, Brescia and Verona) were 
assembled to study the prevalence of COVID-19 
infection and its determinants [7]. Data on sociode-
mographic characteristics, PCR testing, and vacci-
nation status, including date of vaccine doses and 
type, and level of anti-COVID-19 S1 IgG antibod-
ies were abstracted from occupational health sur-
veillance records or collected using questionnaires. 
The cohorts are included in the European Com-
mission-sponsored Orchestra project, and their data 
have undergone extensive harmonization.

Selected characteristics of the cohorts of HCWs 
included in the present analysis are described in Ta-
ble 1. These cohorts were mainly assembled during 
the first wave of the epidemic (March –May 2020) 
and are now included in prospective follow-up. 

The outcomes of this analysis were immunologic 
evidence of response to vaccination and level of se-
rum antibodies. Details on the methods to measure 
antibody level are reported in Table 2.

In the first step of the statistical analysis, we 
conducted descriptive analysis of the outcome and 
explanatory variables. Subsequently, we conducted 
cohort-specific logistic regression analyses on re-
sponse to vaccination, coded as any vs. no response, 

Introduction

The spread of the COVID-19 pandemic around 
the world has revealed that it is urgently important 
to evaluate the efficacy of vaccination in inducing 
immune response through rapid and inexpensive as-
says for antibodies in general and, specifically, anti-
SARS-CoV-2 IgG antibody (anti-SARS-CoV-2 
spike glycoprotein S1 antibody) in order to monitor 
protection conferred by vaccination [1].

Effective vaccination has begun, which could 
prevent continuous or repeated pandemic [2, 3]; 
however, methods for assessing the antibody re-
sponse are still under investigation. As a result, rapid 
methods to detect the anti-SARS-CoV-2 antibody 
will be a key component of combating the pandem-
ic, although the correlate of protection is not known, 
measuring antibody levels may allow protection of 
non-immune HCW and adaptation of vaccine regi-
mens based on the protection durability.

Many studies are appearing in the literature 
on the efficacy of vaccines. It was recently demon-
strated that the titer of neutralizing antibodies was 
markedly higher in response to the Pfizer-BioN-
Tech vaccine than after natural infection [4].

HCWs are a group at high risk of infection in 
general [5] and specifically SARS-CoV-2 infection, 
[6]. The main aim of the present analysis was to 
investigate the proportion, level and determinants 
of serologic response at 21 days up to 3 months in 
HCWs who were vaccinated and were included 
in Orchestra, a European Multicenter project. In 
particular, we aimed at evaluating the presence of 
antibody responses (qualitative and quantitative) af-

Table 1. Characteristics of the cohorts of HCW included in the analysis
Bologna Brescia Verona

Institutions Public hospitals and public 
health authority of Bologna

Public hospitals and public 
health authority of Brescia

University Hospital of Verona

Source of data Occupational health 
surveillance records

Occupational health 
surveillance records

Occupational health 
surveillance records

Type of vaccine (%)* 94.78% P
5.08% M
0.09% A
0.05% J

99.15 % P
0.22% M
0.63% A

100% P

Time between vaccination and 
antibody test (days; mean, SD)

59.7 (16.0) 61.8 (3.0) 21.0 (0)

* P, Pfizer-BioNTech; M, Moderna, A, Astra-Zeneca; J, Johnson&Johnson
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The distribution of subjects in each cohort accord-
ing to the outcome and the explanatory variables is 
provided in Table 3. The cohorts were slightly differ-
ent in their distribution by sex, age, and job title. The 
proportion of HCWs with a previous COVID-19 
infection was in the range 10-12% of cohort mem-
bers. Vaccination was performed on 85-91% of co-
hort members.

Most vaccinated HCW elicited a serologic re-
sponse (17,129/17,241, 99.4%) (Table 4); results 
on individual cohorts are available in Supplemen-
tary Table 1. Because of the small number of non-
responders, models were unstable and results were 
only partially informative. Women had a higher 
probability of positive immune response to vacci-
nation, although the difference was not statistically 
significant (OR 1.49; 95% CI 0.97-2.30), while 
models did not converge in the analysis of job title 
(Table 4). Age was inversely correlated with positive 
immune response (OR 0.46; 95% CI 0.27-0.79).  
No differences were detected according to time 
since vaccination and to pre-vaccination serology 
level. Most of the results were concordant between 
cohorts.

The results of the meta-analysis on determinants 
of post-vaccination antibody level are provided in 
Table 5. The corresponding results of the individ-
ual cohorts are reported in Supplementary Table 2. 
These results are expressed as RR for an increase of 
one center-specific SD of antibody level. Women 
had higher antibody titer than men (RR 1.07; 95% 
CI 1.04-1.11), and there was a decrease in anti-
body response with age (RR for 10-yr increase of 
age 0.83; 95% CI 0.78-0.88). No differences were 
detected according to job title. The average interval 
between COVID-19 infection and post-vaccination 

to estimate odds ratios (OR) and the correspond-
ing 95% confidence intervals (CI). Antibody lev-
els were log-transformed to take into account the 
skewness of the distribution. Since different meth-
ods were used across centers to measure antibodies, 
log-transformed results were normalized by divid-
ing them by the center-specific standard error. Only 
quantitative tests were taken into account in the sta-
tistical analysis, while qualitative tests were excluded 
from it. Multivariate linear regression models were 
fitted to estimate cohort-specific relative risks (RR) 
and corresponding 95% CI.

In the second step, cohort-specific results were 
combined using standard meta-analytical tech-
niques. To evaluate variability among studies, a test 
of heterogeneity was applied and the I-squared sta-
tistic was computed, which indicates the propor-
tion of total variation among the effect estimates of 
different studies attributed to heterogeneity rather 
than sampling error. Given the heterogeneity in the 
underlying studies, a random effects model was used 
[8]. The results are displayed graphically using for-
est plots. Stata® software 16 (StataCorp LP, Col-
lege Station, Texas, USA) was used in the statistical 
analysis.

The study was approved by the Italian Medi-
cine Agency (AIFA) and the Ethics Committee 
of Italian National Institute of Infectious Diseases 
(INMI) Lazzaro Spallanzani (PARERE N.436-
Registro delle Sperimentazioni 2020/2021).

Results

A total of 17,241 vaccinated HCWs from the 
three Italian cohorts were included in the analysis. 

Table 2. Analytical methods used to measure SARS-CoV-2 antibody level
Center Period Method Mean SD
Bologna April 2020 – June 2020 ELISA (IgG and IgM) Q -

July 2020- December 2020 ECLIA (IgG+IgM anti-N) Q -
Jan 2021- May 2021 ECLIA-RBD (IgG anti-S) 1339.04 938.27

Brescia April 2020- July 2020 ECLIA (IgG anti-S) 7.31 20.19
March 2021-April 2021 ECLIA-RBD (Ig anti-S) 2182.12 1836.41

Verona May 2020 – Jan 2021 CLIA (IgM and IgG) 0.655 2.685
Jan 2021 – May 2021 TrimericS IgG assay 1984.99 4865.50

Q, qualitative result
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serology, measured in 1,381 HCW, was 225.1 days 
(SD 116.0), that between pre- and post-vaccination 
serology (available in 11,101 HCW) was 215.4 days 
(SD 37.2). There was a more pronounced antibody 
response in HCW who had a previous COVID-19 
infection (RR 4.10; 95% CI 2.38-7.0); pre-vaccina-
tion serology level and time between pre- and post-
vaccination testing were positively associated with 
post-vaccination level, while time since vaccination 
showed an inverse association with post-vaccination 
serology. We did not include type of vaccine in this 
analysis because of the small number of HCW vac-
cinated with vaccines other than Pfizer-BioNTech.

Discussion

In our analysis the overwhelming majority of 
HCWs who underwent vaccination had a serologic 
response. Both qualitative and quantitative analysis 
showed that women have a better immunological 

response following vaccination than men, that is in 
agreement with the fact of women tending to have 
a more intense innate, cellular and humoral im-
mune response to vaccinations and infections than 
men [9]. Furthermore, these analyses showed higher 
serological titers among younger population and in 
previously infected individuals. Overall, COV-
ID-19 vaccination reflects instalment of specific 
anti-SARS-CoV-2 humoral response. Conversely, 
as expected, no differences were detected according 
to job title.

Previous COVID-19 infection was a strong 
predictor of post-vaccination antibody level, and a 
positive association was also detected with pre-vac-
cination serology level and time between pre- and 
post-vaccination testing. A decline of antibody level 
with time since vaccination was also suggested in 
these data, which needs to be confirmed in longer-
term analyses.

Table 3. Selected characteristics of the population included in the analysis
Bologna Brescia Verona

Total N 5525 6498 5218
Sex+
	 Men 1752 (31.7%) 1771 (27.3%) 1555 (29.8%)
	 Women 3773 (68.3%) 4727 (72.7%) 3663 (70.2%)
Age group+
	 18-29 957 (17.3%) 911 (14.0%) 1074 (20.6%)
	 30-39 1423 (25.8%) 1257 (19.3%) 1151 (22.1%)
	 40-49 1182 (21.4%) 1611 (24.8%) 1087 (20.8%)
	 50+ 1963 (35.5%) 2719 (41.8%) 1906 (36.5%)
Age* 43.16 (12.0) 44.98 (11.37) 42.8 (12.3)

Job title+
	 Administration 217 (3.9%) 766 (11.8%) 378 (7.2%)
	 Physician 1649 (29.8%) 1644 (25.3%) 1752 (33.6%)
	 Nurse 1781 (32.2%) 2286 (35.2%) 1841 (35.3%)
	 Technician 250 (4.5%) 565 (8.7%) 462 (8.9%)
	 Other HCW 1628 (29.5%) 1237 (19.0%) 785 (15.0%)
Previous infection+
	 No 5099 (92.3%) 4996 (76.9%) 4663 (89.4%)
	 Yes 426 (7.7%) 1502 (23.1%) 555 (10.6%)

Pre-vaccination ln (Ab)* - 1.64 (0.99) -1.66 (1.32)

Post-vaccination ln (Ab)* 6.90 (0.9) 6.52 (0.99) 6.35 (1.42)

HCW, healthcare workers; + number (%); * mean (SD)
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These results are in line with the available litera-
ture; several observational studies reported that the 
immune response to some vaccines differs between 
men and women. Adult women display stronger 
innate and adaptive immune responses than men, 
which can lead to a faster clearance of pathogens 
and greater vaccine efficacy in the former [9]. In 
particular, vaccinations after which higher antibody 
titers were detected in women compared to men 
include influenza, yellow fever, rubella, measles, 
mumps, hepatitis A and B, herpes simplex 2, rabies, 
smallpox, and dengue viruses [10].

Regarding the decrease of antibody level with 
time since vaccination, Sariol et al [11] showed a 
rapid decline of anti-S antibodies just 40 to 80 days 
after a boost with the mRNA vaccine formulations 
and a sustained level of neutralization ability in the 
same period that anti-S antibodies are declining. 
This means that the immune response is not fully 
represented by the antibody titer and there are other 
mechanisms that go beyond that number, such as 
the presence of immune memory cells. 

The large sample size, the high percentages of 
vaccinated HCWs and the collection of sociodemo-
graphic information from occupational health sur-
veillance records are strengths of our study. In par-
ticular, the analysis of HCW provides an estimate 
of the humoral response following COVID-19 vac-
cination in a population that is healthier and more 
health-conscious than the general population.

Our analysis suffers from some limitations, in-
cluding the retrospective nature of the data and their 
origin from a single country. However, the analyses 
of a smaller number of HCWs from a tertiary care 
hospital in France show the same trends (data not 
shown in detail) [12]. 

In addition, to date, there is no certain level of 
cut-off protection against severe infection or dis-
ease, such as for anti-HBV vaccination; the role of 
T lymphocytes in the management of immunologi-
cal memory and long-term immunity also appears 
uncertain.

Furthermore, in our study blood samples were 
analyzed using different kits. Despite these limita-

Table 4. Determinants of qualitative serology response – Results of meta-analysis
Characteristics* N (%) with serologic response OR (95% CI)
Sex [Bo, Bs, V]
	 Men 5037 (99.2%) 1 (Ref )
	 Women 12092 (99.4%) 1.49 (0.97-2.30)
Age [Bo, Bs, V]
	 10-yr increase - 0.46 (0.27-0.79)
Job Title [Bo, Bs, V]
	 Administration 1343 (98.7%) 1 (Ref )
	 Physician 5015 (99.4%) 1.61 (0.84-3.10)
	 Nurse 5875 (99.4%) 1.40 (0.75-2.60)
	 Technician 1268 (99.4%) 1.83 (0.80-4.18)
	 Other HCW 3628 (99.4%) 1.16 (0.60-2.24)
Previous COVID-19 infection [Bo, Bs, V]
	 No 14647 (99.2%) -†
	 Yes 2482 (100%) -†
Time since vaccination [Bo, Bs]
	 14-day interval - 0.69 (0.42-1.13)
Pre-vaccination serology level [Bs, V]
	 1 SD increase - 1.10 (0.86-1.40)
* Centers included in the analysis are indicated in square brackets: Bo, Bologna, Bs, Brescia, V, Verona; † Model did not 
converge; CI, confidence interval; OR, meta-analytic odds ratio, adjusted for sex, age, job title and previous infection, as ap-
propriate; Ref, reference category
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tions, these preliminary results offer important in-
sights on the experience of HCW in terms of se-
rological response. Follow-up ongoing analyses of 
cohorts included in the Orchestra project will be 
important to confirm these results.

These findings stress the importance of analyz-
ing retrospective data mainly collected via occu-
pational health surveillance of HCWs during the 
COVID-19 epidemic and following vaccination. 
They need to be confirmed in subsequent analyses 
of these population, including occurrence of break-
through infections and the effect of booster vaccina-
tion, as well as in larger series based on prospectively 
collected data.
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Funding Statement: The Orchestra project is funded by 
the European Commission, Horizon 2020 Program, Grant 

Agreement No. 101016167. The cohort from Verona is 
funded by the Regional Health Authority (Azienda Zero), 
Veneto Region, Italy.

Acknowledgments: We thank the General Manage-
ment, and the Medical and the Nursing Management of 
the University Hospitals of Bologna, Brescia and Verona for 
their support.

Conflicts of interest: The authors declare no conflicts 
of interest.

References

  1. �Li J, Concellón A, Yoshinaga K, Nelson Z, He Q, Swager 
TM. Janus Emulsion Biosensors for Anti-SARS-CoV-2 
Spike Antibody. ACS Cent Sci. 2021;7:1166-75.

  2. �Thanh Le T, Andreadakis Z, Kumar A, et al. The COV-
ID-19 vaccine development landscape. Nat Rev Drug 
Discov. 2020;19:305-6.

  3. �Graham BS. Rapid COVID-19 vaccine development. 
Science. 2020;368:945-6.

  4. �Chen X, Chen Z, Azman AS, et al. Neutralizing anti-

Table 5. Determinants of quantitative serology response – Results of meta-analysis
Characteristics* Mean (SD) antibody level (ln(Ab)/SD) RR (95% CI)
Sex [Bo, Bs, V]
	 Men 6.57 (1.15) 1 (Ref )
	 Women 6.61 (1.10) 1.08 (1.04-1.11)
Age [Bo, Bs, V]
	 10-yr increase - 0.83 (0.78-0.88)
Job Title [Bo, Bs, V]
	 Administration 6.33 (1.16) 1 (Ref )
	 Physician 6.64 (1.08) 0.98 (0.87-1.09)
	 Nurse 6.63 (1.13) 0.98 (0.91-1.06)
	 Technician 6.49 (1.09) 1.03 (0.97-1.10)
	 Other HCW 6.62 (1.12) 0.98 (0.91-1.06)
Previous COVID-19 infection [Bo, Bs, V]
	 No 6.39 (0.94) 1 (Ref )
	 Yes 7.89 (0.87) 4.39 (4.24-4.54)
Time since vaccination [Bo, Bs]
	 14-day interval - 0.97 (0.95-1.00)
Pre-vaccination serology level [Bs, V]
	 1 SD increase - 1.19† (1.16-1.21)
Time between serology tests [Bs, V]
	 30-day interval - 1.03† (1.02-1.05)
CI, confidence interval; RR, meta-analytic relative risk for increase of 1 SD ln(Ab), adjusted for sex, age, job title and previous 
infection, as appropriate; Ref, reference category; † Additionally adjusted for pre-vaccination serology level and time between 
serology tests, as appropriate



Serological response after SARS-CoV2 vaccination 7

 9. �Giefing-Kröll C, Berger P, Lepperdinger G, Grubeck-
Loebenstein B. How sex and age affect immune respons-
es, susceptibility to infections, and response to vaccina-
tion. Aging Cell. 2015;14:309-21.

10. �Klein SL, Jedlicka A, Pekosz A. The Xs and Y of im-
mune responses to viral vaccines. Lancet Infect. Dis. 
2010;10:338–49.

11. �Sariol CAA, Pantoja P, Serrano-Collazo C, et al. Func-
tion Is More Reliable than Quantity to Follow Up the 
Humoral Response to the Receptor-Binding Domain of 
SARS-CoV-2-Spike Protein after Natural Infection or 
COVID-19 Vaccination. Viruses. 2021;13:1972.

12. �Tubiana S, Burdet C, Houhou N, et al. High-risk expo-
sure without personal protective equipment and infec-
tion with SARS-CoV-2 in-hospital workers - The CoV-
CONTACT cohort. J Infect. 2021;82:186-230.

bodies against SARS-CoV-2 variants induced by natural 
infection or vaccination: a systematic review and pooled 
meta-analysis. Clin Infect Dis. 2021:ciab646.

  5. �Baker MG, Peckham TK, Seixas NS. Estimating the 
burden of United States workers exposed to infection or 
disease: A key factor in containing risk of COVID-19 
infection. PLoS One. 2020;15:e0232452

 6. �Wu Z, McGoogan JM. Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID-19) 
outbreak in China: summary of a report of 72,314 cases 
from the Chinese Center for Disease Control and Pre-
vention. JAMA. 2020;323:1239-42.

  7. �Boffetta P, Violante F, Durando P, et al. Determinants of 
SARS-CoV-2 infection in Italian healthcare workers: a 
multicenter study. Sci Rep. 2021;11:5788.

  8. �DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials. 1986;7:177–87.



Visci et al8

Supplementary Table 1. Determinants of qualitative serology response – results by center
Characteristics Bologna Brescia Verona

N serology
(%)

OR 
(95% CI)

N serology
 (%)

OR 
(95% CI)

N serology
(%)

OR 
(95% CI)

Sex
	 Men 1748

(99.8%)
1 (Ref ) 1771

(99.8%)
1 (Ref ) 1521

(97.8%)
1 (Ref )

	 Women 3767 
(99.8%)

1.65
(0.46-5.87)

4727
(99.9%)

2.49
(0.47-13.3)

3601
(98.3%)

1.41
(0.87-2.27)

Age  
	 10-yr increase - 0.31

(0.12-0.83)
- 0.85

(0.42-1.71)
- 0.38

(0.30-0.48)
Job Title  
	 Administration 217 

(100%)
1 (Ref ) 765

(99.9%)
1 (Ref ) 361

(95.5%)
1 (Ref )

	 Physician 1649 
(99.7%)

NE 1642
(99.9%)

1.02
(0.09-11.9)

1729
(98.7%)

1.67
(0.85-3.31)

	 Nurse 1781 
(99.8%)

NE 2285
(100%)

1.02
(0.12-34.5)

1813
(98.5%)

1.42
(0.75-2.68)

	 Technician 250 
(100%)

NE 564
(100%)

0.58
(0.04-9.61)

454
(98.3%)

2.04
(0.86-4.84)

	 Other HCW 1628 
(99.9%)

NE 1236
(99.9%)

1.23
(0.07-20.2)

765
(97.5%)

1.16
(0.59-2.27)

Time since vaccination
	 14-day interval - 0.88

(0.53-1.48)
- 0.06

(0.01-0.26)
- NA

Pre-vaccination serology level
	 1 SD increase - NA - 0.40

(0.03-5.84)
- 1.11

(0.87-1.42)
CI, confidence interval; OR, odds ratio, adjusted for sex, age, job title and previous infection, as appropriate; Ref, reference 
category; NA, not available; NE, not estimable
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Supplementary Table 2. Determinants of quantitative serology response – results by center
Characteristics Bologna Brescia Verona

Mean (SD) 
antibody level 
(ln(Ab)/SD)

RR 
(95% CI)

Mean (SD) 
antibody level 
(ln(Ab)/SD)

RR 
(95% CI)

Mean (SD) 
antibody level 
(ln(Ab)/SD)

RR 
(95% CI)

Sex
	 Men 6.84 (0.91) 1 (Ref ) 6.50 (1.06) 1 (Ref ) 6.33 (1.46) 1 (Ref )
	 Women 6.94 (0.87) 1.14

(0.66-1.95) 6.54 (0.98) 1.08 
(1.03-1.13) 6.36 (1.41) 1.07 

(1.01-1.12)
Age
	 10-yr increase - 0.80 

(0.78-0.82)
0.88 

(0.87-0.90)
- 0.81 

(0.79-0.82)
Job Title
	 Administration 6.79 (0.73) 1 (Ref ) 6.38 (0.97) 1 (Ref ) 5.98 (1.62) 1 (Ref )
	 Physician 6.94 (0.93) 0.85 

(0.75-0.98) 6.55 (0.97) 1.01 
(0.94-1.08) 6.44 (1.28) 1.06 

(0.96-1.17)
	 Nurse 6.91 (0.91) 0.90 

(0.79-1.03) 6.59 (0.99) 0.97 
(0.91-1.04) 6.41 (1.45) 1.05 

(0.96-1.16)
	 Technician 6.94 (0.75) 0.97 

(0.82-1.15) 6.56 (0.99) 1.05 
(0.96-1.14) 6.15 (1.34) 1.04 

(0.93-1.17)
	 Other HCW 6.87 (0.86) 0.94 

(0.82-1.07) 6.47 (1.07) 0.95 
(0.89-1.02) 6.33 (1.58) 1.06 

(0.96-1.17)
Previous COVID-19 infection
	 No 6.84 (0.86) 1 (Ref ) 6.19 (0.79) 1 (Ref ) 6.08 (1.18) 1 (Ref )
	 Yes 7.67 (0.81) 2.53 

(2.31-2.78) 7.66 (0.76) 4.26 
(4.07-4.45) 8.64 (1.22) 6.63 

(6.17-7.13)
Time since vaccination
	 10-14-day interval - 0.97 

(0.94-0.99)
- 1.01

(0.90- 1.12)
- NA

Pre-vaccination serology level
	 1 SD increase - NA - 1.19 †

(1.16-1.22)
- 1.18 †

(1.15-1.21)
Time between serology tests
	 30-day interval - NA - 1.03 †

(0.98-1.08)
- 1.04 †

(1.02-1.05)
CI, confidence interval; RR, relative risk for increase of 1 SD ln(Ab), adjusted for sex, age, job title and previous infection, as 
appropriate; Ref, reference category; NA, not available; † Additionally adjusted for pre-vaccination serology level and time 
between serology tests, as appropriate


