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ABSTRACT

Objectives: This study aimed to describe the longitudinal evolution of neutralizing antibody titres (NtAb)
in three different cohorts of healthcare workers (HCWs), including vaccinated HCWs with and with-
out a previous SARS-CoV-2 infection and previously infected unvaccinated HCWs. COVID-19 was mild
or asymptomatic in those experiencing infection.
Methods: NtAb was tested before BNT162b2 mRNA COVID-19 vaccine (V0), 20+2 days after the first
dose (V1_20), 20+3 days (V2_20) and 90+2 days (V2_90) after the second dose in vaccinated HCWs
and after about 2 months (N_60), 10 months (N_300) and 13 months (N_390) from natural infection in
unvaccinated HCWs. NtAb were measured by authentic virus neutralization with a SARS-CoV-2 B.1 isolate
circulating in Italy at HCW enrolment.
Results: Sixty-two HCWs were enrolled. NtAb were comparable in infected HCWs with no or mild disease
at all the study points. NtAb of uninfected HCWs were significantly lower with respect to those of previ-
ously infected HCWs at V1_20, V2_20 and V2_90. The median NtAb fold decrease from V2_20 to V2_90
was higher in the uninfected HCWs with respect to those with mild infection (6.26 vs 2.58, p=0.03) and
to asymptomatic HCWs (6.26 vs 3.67, p=0.022). The median Nabt at N_390 was significantly lower than
at N_60 (p=0.007).
Conclusions: In uninfected HCWs completing the two-dose vaccine schedule, a third mRNA vaccine dose
is a reasonable option to counteract the substantial NtAb decline occurring at a significantly higher rate
compared with previously infected, vaccinated HCWs. Although low, Nabt were still at a detectable level
after 13 months in two-thirds of previously infected and unvaccinated HCWs.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The BNT162b2 COVID-19 vaccine

viously seropositive and seronegative subjects, but a significant an-
tibody decrease in respect to the higher level reached occurred
known to induce a within this period. Interestingly, the administration of a third dose

rapid production of neutralizing antibodies (Lustig et al., 2021;
Vicenti et al., 2021b); however, there are very limited data on their
long-term kinetics. Favresse et al. (2021b) described a robust hu-
moral response 90 days after the first dose of vaccine both in pre-
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of the BNT162b2 vaccine, about two months from the second dose,
to solid-organ transplant recipients significantly improved the im-
munogenicity of the vaccine (Kamar et al., 2021). Taken together,
this data suggest that a three-month period following the first dose
of vaccine may be crucial to identify subjects requiring dedicated
vaccine schedules.

The main aim of this study was to analyse early (about
3 weeks) and late (about 12 weeks) changes in neutralizing
antibody titres (NtAb) after the second BNT162b2 SARS-CoV-2
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vaccination dose in healthcare workers (HCWs) with a previous
mild or asymptomatic COVID-19 infection with respect to unin-
fected HCW. Moreover, it describes long-term humoral responses
of previously infected HCWs who were unvaccinated.

Materials and Methods

The study population included HCWs who were vaccinated fol-
lowing asymptomatic or mild infection according to WHO classifi-
cation (World Health Organization, 2020), a control group of vac-
cinated HCWs who had never been positive in all of the tests per-
formed for hospital surveillance, and a small cohort of previously
infected, unvaccinated HCWs. SARS-CoV-2 infection was diagnosed
in the Veneto area in the period 01 March-30 May 2020, and had a
negative molecular test since the end of the prescribed quarantine
for the surveillance hospital program. All of the vaccinated partic-
ipants received the BNT162b2 mRNA vaccine and the second dose
was administered three weeks after the first dose.

In vaccinated participants, NtAb were tested at four time
points: VO (before receiving the first dose), V1_20 (2042 days after
the first dose), V2_20 (20+3 days after the second dose) and V2_90
(9042 days after the second dose). In the unvaccinated participants
who acquired natural SARS-CoV-2 infection, the study points that
were analysed included N_60 (baseline, after about 2 months from
diagnosis), N_300 after a median of 291 days and N_390 after a
median of 394 days. The study was approved by the local Ethics
Committee and all participants gave written informed consent.

For SARS-CoV-2 virus neutralization, two-fold serial dilutions
(starting at 1:10 dilution) of heat-inactivated sera were incubated
with 100 TCIDsq of SARS-CoV-2 virus (lineage B.1) at 37°C, 5% CO2
for 1 h in 96-well plates. At the end of incubation, 10,000 pre-
seeded Vero E6 cells per well (ATCC catalog no. CRL-1586) were
treated with serum-virus mixtures and incubated at 37°C, 5% CO2.
Each run included an uninfected control, a virus back titration to
confirm the virus inoculum, and a known SARS-CoV-2 neutraliz-
ing serum yielding a median (interquartile range [IQR]) titre of 69
(59.3-69.9) in five independent runs. After 72 hours, cell viabil-
ity was determined through the commercial kit Cell-titre Glo2.0
(Promega, Wisconsin, USA) following the manufacturer’s instruc-
tions. The serum neutralization titre (IDsy) was defined as the re-
ciprocal value of the sample dilution that showed a 50% protec-
tion of virus cytopathic effect. Sera with IDgq titres >10 were de-
fined as SARS-CoV-2 positive and neutralizing; sera with ID5q <10
were defined as negative and scored as 5 for statistical analysis
(Vicenti et al., 2021a).

Continuous variables were expressed as the median (IQR),
whereas categorical variables were indicated as absolute number
and frequency. The Mann-Whitney U test, Wilcoxon signed rank
sum test, Chi-squared test and Fisher’s exact test were applied as
appropriate. Statistical analyses were performed using MedCalc®
Statistical Software version 20.009 (MedCalc Software Ltd, Ostend,
Belgium; https://www.medcalc.org; 2021) and the limit of signifi-
cance for all analyses was established at p<0.05.

Results

Sixty-two HCWs were enrolled. A complete set of data was
available for 23 previously infected and vaccinated HCWs (14 with
asymptomatic infection and nine with mild symptoms), 13 un-
infected, vaccinated HCWs, and nine previously infected unvacci-
nated HCWs. A description of the study population, including vac-
cinated HCWs, is reported in Table 1 and Figure 1 and Figure 2.
NtAb values were comparable in HCWs with asymptomatic infec-
tion and with mild disease at all four study points. NtAb values
of the uninfected HCWs were significantly lower with respect to
those of the previously infected HCWs at V1_20, V2_20 and V2_90.
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At the last control (V2_90), median NtAb was lower than at V2_20
in HCWs with mild disease (p=0.007), asymptomatic (p=0.001)
and uninfected (p=0.001). Likewise, V2_90 NtAb were lower than
V1_20 NtAb in HCWs with mild disease and in asymptomatic
(p=0.028 and p=0.003, respectively): conversely, V2_90 was higher
than V1_20 in uninfected HCws (p=0.002). However, median NtAb
at V2_90 was still significantly higher than median NtAb at V_0
both in HCWs with past mild disease (p=0.01) and in those expe-
riencing asymptomatic infection (p=0.001).

Among HCWs with previous infection, five had no detectable
NtAb at V_0 after a median interval from infection of 263 (IQR
199-284) days, which was shorter than those of the 18 HCWs with
detectable NtAb al V_0 (296, IQR 288-302 days, p=0.048). Nev-
ertheless, median NtAbs at V2_90 were comparable in the group
with undetectable and detectable NtAb at V_0 (respectively, 395,
IQR 50.7-660.2 and 564, IQR 342-839, p=0.233), while NtAb were
significantly higher in HCWs with detectable NtAb at V_0, both
at V1_20 (1656.6, IQR 744-2131.8 vs 874, IQR 41-1005.3; p=0.03)
and V2_20 (1695.5, IQR 1347.6-2751.3 vs 1276.9, IQR 188.9-1498.8;
p=0.036).

In the uninfected vaccinated group, seven of 13 HCWs had un-
detectable NtAb at V1_20 and all but one had detectable NtAb
at V2_90. The median NtAb fold change decrease from V2_20 to
V2_90 was higher in uninfected HCWs with respect to those with
mild infection (6.26 vs 2.58, p=0.03) and to asymptomatic HCWs
(6.26 vs 3.67, p=0.022).

A similar figure in longitudinal evolution of NtAb was observed
when a whole cohort of 40 previously infected participants (27
asymptomatic and 13 with mild disease), including 17 without
an intermediate time point, was considered: seven (17.5) had no
NtAb detectable at VO and the fold change between V2_20 and
V2_90 was 3.670. A detailed description is given in the Supple-
mentary Table and Supplementary Figure 1. The nine previously
infected unvaccinated HCWs had a median age of 49 years (IQR
45-56 years). Median NtAb at N_390 was significantly lower in re-
spect to N_60 (15.2, IQR 5-27.6 vs 73.5, IQR 23.3-113, p=0.007). The
median value at N_300 was intermediate (21.5, IQR 9.6-67.2). No
HCWs had undetectable NtAb at N_60, two had undetectable NtAb
both at N_300 and at N_390, and one only at N_390. The data are
reported in Figure 3 and Supplementary Figure 2. NtAb titres in
previously infected and uninfected vaccinated HCWs and in previ-
ously infected unvaccinated HCWs are summarized in Table 2.

Discussion

Real world data have demonstrated that SARS-CoV-2 vaccines
prevent infection in more than 90% of cases (Butt et al., 2021;
Dagan et al., 2021). Accordingly, a 74% reduction in the proportion
of cases and 81% reduction in the proportion of symptomatic cases
have been reported in HCWs, based on the Italian government’s
open data directory (Mateo-Urdiales et al., 2021).

Neutralizing antibody responses are a correlate of protection
(Khoury et al., 2021) and their measurement through live virus as-
says is the reference method to investigate the magnitude and du-
ration of immunity following vaccination or natural infection. This
study evaluated the long-term neutralizing response to SARS-CoV-
2 in different HCW groups representative of three possible scenar-
ios: (i) mild or asymptomatic infection followed by two-dose vac-
cination about 10 months after diagnosis; (ii) absence of infection,
as confirmed by regular monitoring, followed by two-dose vaccina-
tion; and (iii) past mild or asymptomatic infection not followed by
vaccine for a very long time period. This last condition is now no
longer allowed in Italy, since previously infected HCWs get vacci-
nated and therefore constitutes an unicum.

In agreement with published data (Vicenti et al., 2021b), pre-
viously infected HCWs vaccinated with BNT162b2 demonstrated a


https://www.medcalc.org

I. Vicenti, M. Basso, F. Gatti et al. International Journal of Infectious Diseases 112 (2021) 40-44

Table 1
Description of the main characteristics and neutralizing antibody titres at VO, V1_20, V2_20 and V2_90 in the overall study population and asymptomatic HCWs or with mild
disease.

Overall Asymptomatic HCWs with mild p Control group pvs p vs mild
(23 HCW) HCWs disease (n=13) asymptomatic
(n=14) (n=9)
Male, n (%) 9 (39.1) 4 (28.6) 5 (55.6) 0.382 4 (30.8) 1 0.384
Age (years)? 42 (33-47) 33 (33-44) 46 (43-50) 0.026 59 (36-60) 0.0460 0.569
Days from SARS-Cov-2 infection to VO? 292 (267-300) 291 (247-300) 294 na na na
(282-300)
NtAb titre (IDso) at VO? 26 21.5 164.2 0.076 5 na na
(10.3-121.4) (5-38.7) (13.7-210)
Subjects with undetectable NtAb at VO, n (%) 5(21.7) 4 (28.6) 1(11.1) 0.61 na na na
NtAD titre (IDso) at V1_20? 1314.2 1378.2 1314.2 0.5161 5 <0.0001 0.0001
(726-1884.3) (615-1888.1) (878.5-2047) (5-14.5)
Subjects with undetectable NtAb at V1_20, n (%) 0 0 0 1 7 (58.8) 0.001 0.016
NtAb titre (IDso) at V2_20° 1637.8 1450.3 1707.5 0.2076 176 0.0003 0.0001
(997.3-2426.7) (797.1-2310) (1371.5-3769.2) (94.7-299.7)
Subjects with undetectable NtAb at V2_20 0 0 0 na 0 na na
NtAb titre (ID 50) at V2_90* 546 520.5 647 0.438 20 (17.5-37) <0.0001 0.0001
(338.4-724.2) (342-669.9) (308.4-1439.7)
Subjects with undetectable NtAb at V2_90, n (%) 0 0 0 na 1(7.7) 0.481 1

2 Date shown as median and rangep refers to differences between HCWs with asymptomatic or mild disease and to the differences between control group and HCWs with
asymptomatic or mild diseaseBold: significant p valuesna: not applicableHCWs: healthcare workersIDsq: reciprocal value of the sample dilution that showed a 50% protection
of virus cytopathic effectV0: before receiving the first doseV1_20: 20+2 days after the first doseV2_20: 20+3 days after the second doseV2_90: 90+2 days after the second
dose

Previously Infected Vaccinated Uninfected Vaccinated

104+

NtAb titres (IDgo)
NtAb titres (IDsg)

100 T T T T 100 T T T T
1} V1_20 V2_20 V2_90 Vo V1_20 V2_20 V2_90

Figure 1. Neutralizing antibody titres in previously infected (n=23) and uninfected healthcare workers (n=13) tested at VO, V1_20, V2_20 and V2_90.
Data are reported as longitudinal course and as individual IDso values at each study time

The same symbols indicate the same HCWs at different time points

IDsg: reciprocal value of the sample dilution that showed a 50% protection of virus cytopathic effect

VO: before receiving the first dose

V1_20: 20+2 days after the first dose

V2_20: 20+3 days after the second dose

V2_90: 9042 days after the second dose

strong humoral response after the first dose, with a modest fur- was comparable to HCWs with detectable NtAb at VO, supporting
ther increase 20 days after the second dose. The current data pro- the persistence of long-lasting B memory after natural infection
vide additional support on the long-term efficacy of the vaccine (Wang et al, 2021).

booster after a very long time from infection, with a median in- Further, the current results support the observation that in-

terval of ten months. The kinetics of NtAb decay in these HCWs fected vaccinated HCWs experience a significantly slower NtAb de-
compared with those following a single vaccine dose need further cay than uninfected vaccinated HCWs after 3 months from sec-
study: a significant antibody decline 3 months after the first dose ond dose, indicating the ability of the immune system to mount
in both seronegative and seropositive individuals who received two very high NtAb after repeated antigen stimulation. Although natu-
doses was recently described (Favresse et al., 2021b). However, the ral infection and vaccination may lead to different responses, and
current results were obtained 3 months after the second vacci- residual and recall immune responses may impact different im-
nation, in a well characterized population, with a very long-term mune protection, the role of humoral immunity in the first phase
humoral memory: the interval between infection and first vaccine of viral infection is well established as a major early obstacle to
dose (median of 292 days, with IQR 267-300) was much loner viral spread, counteracting viral replication and evolution as well
with respect to that reported by Favresse et al (2021a) (mean 99 as immune escape. Thus, measuring circulating antibody levels,
days with range 34-337 days). Of note, five (21.7%) of 23 previ- their durability, specificity, and recall kinetics is crucial for under-
ously infected HCWs had no detectable NtAb before vaccination; standing and predicting the durability of protection (Cromer et al.,
nevertheless, they experienced a strong response at V2_90, which 2021). As recently reported, among vaccinated HCWs, the break-
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Table 2
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Description of neutralizing antibody titres in previously infected and uninfected vaccinated HCWs (tested at VO, V1_20, V2_20 and V2_90) and in

unvaccinated HCWs (tested at N_60, N_300 and N_390).

Vo V1_20 V2_20 V2_90
(IDso) (IDso) (IDso) (IDso)
Previously infected vaccinated HCWs 26 1314.2 1637.8 546
(n=23) (10.3-121.4) (726-1884.3) (997.3-2426.7) (338.4-724.2)
Uninfected vaccinated HCWs . 5 5 176 20
(n=13) (5-14.5) (94.7-299.7) (17.5-37)
N_60 N_300 N_390
(IDso) (IDsg) (IDsp)
Unvaccinated HCWs 73.5 215 na na 15.2
(n=9) (23.3-113) (9.6-67.2) (5-27.6)
Data are expressed as median and interquartile range
N_300 was defined as corresponding to VO in vaccinated HCWs and N_390 was defined as corresponding to V2_90
na: not applicable
HCWs: healthcare workers
IDsq: reciprocal value of the sample dilution that showed a 50% protection of virus cytopathic effect
VO: before receiving the first dose
V1_20: 20+2 days after the first dose
V2_20: 2043 days after the second dose
V2_90: 9042 days after the second dose
N_60: baseline, after about 2 months from diagnosis
N_300: after a median of 291 days from diagnosis
N_390: after a median of 394 days from diagnosis
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Figure 2. Neutralizing antibody titres in previously infected (n=23) and uninfected 100
healthcare workers (n=13) tested at VO, V1_20, V2_20 and V2_90, and in unvacci- : . ! . .
nated HCWs (n=9) tested at N_60, N_300 and N_390. \& 'b@ \6‘ 'bQ’Q
Data are reported as individual IDso values and as median value at each study time AQ Q7 o_,Q Q/
The same symbols indicate the same HCWs at different time points A’L/

IDsp: reciprocal value of the sample dilution that showed a 50% protection of virus
cytopathic effect

VO: before receiving the first dose

V1_20: 2042 days after the first dose

V2_20: 20+£3 days after the second dose

V2_90: 90+2 days after the second dose

N_60: baseline, after about 2 months from diagnosis

N_300: after a median of 291 days from diagnosis

N_390: after a median of 394 days from diagnosis

through infections were correlated with NtAb detected within the
week immediately before (Bergwerk et al., 2021). The advantage
of high NtAbs against the infection by viral variants was also re-
ported (Cohen et al.,, 2021). Based on data reported here, a third
mRNA vaccine dose is reasonable in uninfected HCWs, to further
boost immunity and recapitulate the effect observed in previously
infected vaccinated HCWs. However, the identification of specific
target groups and the definition of the best timing for vaccination
need further analysis with a more prolonged follow-up on a larger
cohort. The current study included a group of previously infected
unvaccinated HCWs who were tested thrice after SARS-CoV-2 in-
fection: about 2 months later, after a median of 291 days (defined
as corresponding to VO in vaccinated HCWs) and after a median of
394 days (defined as corresponding to the last time point of vac-
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Figure 3. Neutralizing antibody titres at N_300 (after a median of 291 days from
diagnosis in unvaccinated HCWs), corresponding to VO in vaccinated HCWs and at
N_390 (after a median of 394 days from diagnosis), corresponding to the last time
point of vaccinated HCWs (V2_90: 90+2 days after the second dose).

Data are reported as individual IDso values and as median value at each study time.
The same symbols indicate the same HCWs at different time points.

IDsg: reciprocal value of the sample dilution that showed a 50% protection of virus
cytopathic effect

VO: before receiving the first dose

V2_90: 90+2 days after the second dose

N_300: after a median of 291 days from diagnosis

N_390: after a median of 394 days from diagnosis

cinated HCWs). The lack of a study time corresponding to N_60
for vaccinated HCWs is regrettable; however, the main aim of this
study was the long-term humoral response, and N_390 and V2_90
were definitely corresponding. It is believed that the description of
a control group with a protracted follow-up was a useful contribu-
tion to the understanding of the durability of NtAb in this particu-
lar category of subjects: middle age, previously healthy and with-
out comorbidities and with mild or asymptomatic infection. These
individuals are now almost all vaccinated.

Strengths of the study were the: availability of authentic virus
neutralization with a SARS-CoV-2 isolate; homogeneity of the
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study population with previous asymptomatic or mild disease;
long time interval from infection to vaccination; long follow-up
after the second dose of vaccination; and different HCW cohorts
tested. The main limitation was the number of evaluated partici-
pants, but data were immediately described after their availability.

In conclusion, data obtained by analysis of the response to
SARS-CoV-2 infection of this multifaceted population may help
with clinical use of NtAb to inform health policy, that is: to evalu-
ate the decision to administer a third dose of the vaccine and how
to monitor unvaccinated personnel.
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