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Abstract

Obijective: To investigate the antibody response to SARS-CoV-2 and identify associated factors
in frontline and second-line healthcare workers (HCWVs) at a large hospital in Mexico City during

the first wave of COVID-19 pandemic.
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Methods: This was a cross-sectional study of HCWs returning to work following mandatory
isolation after recovering from COVID-19. Immunoglobulin (Ig) M and IgG antibodies elicited by
SARS-CoV-2 were semiquantitatively measured using densitometric analysis of band intensities in
lateral flow assay (LFA) devices. The mean pixel intensity (dots-per-inch [dpi]) of each band on
the LFA was considered a measure of antibody titre.

Results: Of the |11 HCWs involved in the study, antibody responses were detected in 73/1 11
(66%) participants. Severe COVID symptoms was associated with old age. No differences in IgM
intensity were observed between men and women, but IgG intensity was significantly higher in
men than in women. Second-line HCWs produced a higher IgG intensity than firstline HCWVs.
The IgG intensity was high in severe cases.

Conclusions: For HCWs who may acquire SARS-CoV-2 infection, it is necessary to establish a
routine program for detection of the virus to avoid risk of infection and spread of COVID-19.
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Introduction

A novel coronavirus which causes severe
acute respiratory syndrome (SARS-CoV-2)
emerged in Wuhan, Hubei, China, in 2019."
The infection it caused, Coronavirus disease
2019 (COVID-19) spread globally and in
the North American continent, Mexico
recorded one of the highest numbers
of cases.” Frontline healthcare workers
(HCWs) who treat patients infected with
SARS-CoV-2 are at high risk of acquiring
the infection. Indeed, it was reported that
97,632 Mexican HCWs were infected with
SARS-CoV-2 from the beginning of the
pandemic until August 23, 2020.°
Serological tests for SARS-CoV-2 infec-
tion are an important tool for surveillance
and epidemiological studies and assist in the
understanding of the dynamics of virus
transmission in the general population. In
addition, antibody detection is an impor-
tant marker for immunity in a population
and indicates the level of protection and
the continued endurance of protective

antibodies. Antibody detection amongst
HCWs is a particularly useful tool in iden-
tifying occupational risk due to high rates
of subclinical infection.*> Moreover, evi-
dence suggested that clinical severity of
the SARS-CoV-2 infection is associated
with high titres of antibodies.®’ In a multi-
centre cross-sectional study involving 571
patients, peak concentrations of immuno-
globulin M (IgM) were reached at day 10
and immunoglobulin G (IgG) at day 20.”
Unlike direct viral detection methods,
such as nucleic acid amplification or anti-
gen detection tests which can detect acute
infection, antibody tests can help determine
if the individual being tested has previously
been infected even if that person does not
show any symptoms.®

We performed a cross-sectional study
among frontline and second-line HCWs at
a large hospital in Mexico City during the
course of the first wave of COVID-19 pan-
demic to investigate the antibody response
to SARS-CoV-2 and identify associated
factors.
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Methods

Setting

This cross-sectional study was performed
from June 2020 to January 2021 at the
Hospital Regional “1° de Octubre” in
Mexico City. During the first COVID-19
wave (i.e., March to August 2020) patients
infected with SARS-CoV-2 were sent to this
hospital. The reporting of this study con-
forms to STROBE guidelines as well as
guidance established by the European
Medicine Agency.”'" All participants vol-
unteered for the study and provided written
consent. The study protocol did not require
review and approval from an ethics commit-
tee because it was performed during a critical
phase of the pandemic and the data were
obtained from routine tests. The dataset
was released by the Mexican Ministry of
Health and was compiled by the General
Directorate  of  Epidemiology (DGE)
through the Epidemiological Surveillance
System for Viral Respiratory Diseases.

Study population

All HCWs, aged 23-63 years, with no med-
ical restrictions associated with chronic dis-
eases, who wanted to return to work after
they had completed the mandatory 10-day
COVID-19 isolation period, were included
in the study. The HCWs were separated
into two groups: frontline and second-line
staff depending on the level of risk to which
they were exposed. Frontline HCWs were
defined as those who had a high risk of
exposure to SARS-CoV-2 because they
were directly involved in the care of patients
with COVID-19 (i.e., close contact and long
exposure time).!' Second-line HCWs were
defined as those at low risk because they
had no direct exposure to patients or bio-
logical material infected with SARS-CoV-2.

At least 10 days after their initial diag-
nosis of COVID, participants underwent

a real-time reverse transcriptase—polymer-
ase chain reaction (RT-PCR) test for
COVID-19 nucleic acid, a computed
tomography (CT) scan, and were assessed
according to clinical criteria established by
WHO.'? Only HCWs with a negative PCR
test were allowed to return to work.
Approximately five days after these tests,
HCWs were tested for serum SARS-CoV-
2 1gG and IgM using COVID-19 1gM/IgG
test kits (Karmacare, KPC Biotech Inc,
Corona, CA, USA). The kits which have
previously been validated'® are based on
an immunochromatographic lateral flow
assay (LFA) that detects antibodies against
the viral nucleocapsid and spike proteins.
According to the manufacturer’s instruc-
tions, for IgM, the assay has sensitivity and
specificity of 90% and 98.8%, respectively;
for IgG the LFA has sensitivity and specific-
ity of 100% and 98.8%, respectively.

For the LFAs, 10 ul of blood was applied
to the test strip followed immediately by
two drops of test diluent. The results were
read 10 minutes later. If a red band was
present in zone C and a purple line in
zone G, this indicated a positive result for
IgG; a red line in zone C and a purple line
in zone M indicated a positive result for
IgM; the presence of three lines in zones
C, G, and M indicated IgM/IgG positive
result; the presence of a red line in zone C
and the absence of lines from zones G and
M indicated a negative result. Finally, the
absence of a red line and the presence of
bands in zones G or M indicated an invalid
result.'*!?

The immunochromatography paper in
the LFA was used for densitometric meas-
urements and the mean pixel intensity in
dots per inch (dpi) of each band was con-
sidered a semiquantitative measure of the
antibody titre. For the measurements, the
chromatographic paper from each cartridge
was unmounted and scanned, and the dpi
intensity was measured using software gel
Quant V.11.4 (Bio- Imaging Systems
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LTD, Jerusalem Israel). This method has
been previously used in antigen rapid test
development.'®

With regard to COVID-19 symptomatol-
ogy, asymptomatic infection was defined as
having a body temperature <37.5°C and no
clinical symptoms at the time of virus detec-
tion by PCR. Mild infection was defined as
having at least one sign or symptom (i.e.,
sputum, rhinorrhoea, cough, headache,
sore throat, chest discomfort/dyspnea,
myalgia, and/or febrile/chilling sensation)
in association with  positive PCR.
Moderate infection was defined as clinical
or radiographic evidence of lower respirato-
ry tract disease with oxygen saturation
(Sp0O,) >94% and a positive PCR. Severe
infection was defined as SpO, <94% in
standard atmospheric conditions, respirato-
ry rate >30 breaths/min, and/or a lung infil-
trate >50%, in association with positive
PCR 81719

Statistical Analysis

Data were analyzed using StatView v 5.0
(SAS Institute Inc., Cary, NC, USA).
A P-value <0.05 was considered to indicate
statistical significance. Contingency tables
were used to summarize the results and data
were analyzed using repeated-measures anal-
ysis of variance (ANOVA) with post hoc
analyses using the Bonferroni (Dunn) test
and Scheffé’s test.

Results

In total, data were obtained from 111
HCWs (44 women, 67 men). Of these,
74/111 (67%) were frontline (high risk)
staff and 37/111 (33%) were second-line
(low risk) staff. Median age of the partici-
pants was 40 years (range 23-81). Overall,
32 (29%), 16 (14%), 15, (14%) and 11
(10%) HCWs, had none, asymptomatic,
mild, moderate or severe symptoms, respec-
tively. Participants with more severe disease

tended to be in the older age groups. For
example, mean ages (SD) for the groups
were as follows: asymptomatic, 34.8 (8.6)
years; mild, 41.5 (8.9) years; moderate 47.9
(11.4) years; severe, 56.4 (12.4) years (Figure
1). Indeed, analysis showed that HCWs with
severe disease were statistically significantly
older than HCWs with mild disease
(P=0.005) or those with no symptoms
(P=0.0005) (Figure 1). In addition, HCWs
in the moderate group were statistically sig-
nificantly older than those in the asymptom-
atic group (P =0.05).

A positive antibody response on LFA
was detected in 73/111 (66%) participants
(Table 1). Approximately, half of the par-
ticipants (48/111; 43%) were positive for
SARS- CoV-2 (i.e., confirmed by PCR,
CT scan and symptoms) and also had pos-
itive LTAs. However, 34 (31%) participants
were free of the infection (i.e., negative for
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Figure I. Severity of COVID infection versus
patient age.

Participants with more severe disease tended to
be in the older age groups. The mean (standard
deviation [SD]) age of the severe group (56.4 [12.4]
years) was statistically significantly higher than that
for the mild group (41.5 [8.9] years; **P=0.005)
and the asymptomatic group (34.8 [8.6] years;
##kP = 0.0005). In addition, the mean age of the
moderate group (47.9 [ 1.4] years) was statistically
significantly higher than that for the asymptomatic
group (*P=0.05).

Overall, 48 (43%), 37 (33%), 15, (14%) and 1| (10%)
health care workers (HCWs), had none, mild,
moderate or severe symptoms, respectively.
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Table I. Diagnostic test results for COVID-19 in

healthcare workers (n=111).
Antibody

Clinical detection
PCR CT presentation by LFA Number (%)
+ + + + 48 (43%)
+ - - + 8 (7%)
+ + + - 2 (2%)
+ - - - I (1%)
- - - - 34 (31%)
- + + + 13 (12%)
- - - + 4 (4%)
- + - I (1%)

Abbreviations: PCR, polymerase chain reaction; CT,
computed tomography, LFA, lateral flow assay.

the three diagnostic methods and LFAs).
Interestingly, 8 (7%) participants had a
positive PCR, developed antibodies and
were asymptomatic, and, while 2 (2%)
were positive for COVID-19 in all three
diagnostic tests but did not develop anti-
bodies. One participant had a positive
PCR test but was asymptomatic and did
not develop antibodies, suggesting this
was a false positive result. In total, there
were 59 positive PCR tests. By contrast,
13 (12%) participants had a negative PCR
test but had symptoms and developed anti-
bodies. A further 4 (4%) participants had
negative PCR, were asymptomatic, but had
antibodies, which suggests false negative
results since the sensitivity and specificity
of the antibody test is >96%. In total, 17
participants had negative PCR test results
but had positive antibody responses. Lastly,
one participant had a negative PCR, did
not develop antibodies but had symptoms
suggesting that the individual had some
other respiratory pathology.

RT-PCR on nasopharyngeal samples is
considered the ‘gold standard’ for COVID-
19 testing. We evaluated the diagnostic
accuracy of the different diagnostic tests
used in this study by comparing their sensi-
tivities, specificities, positive and negative

predictive values, positive and negative like-
lihood ratios (LR) and Youden’s Index
(Table 2). By comparison with PCR,
detection of antibodies with LFA had a sen-
sitivity of 95% and specificity of 67%.
By comparison, positive clinical data vs.
PCR had a lower sensitivity at 85% but a
higher specificity at 73%. Compared with
positive antibodies as a confirmatory
diagnosis, PCR and clinical data had the
highest specificities at 92%. With regard
to the positive predictive value (PPV),
compared with presence of antibodies,
PCR and clinical symptoms obtained the
highest values (95%). Regarding the nega-
tive predictive value (NPV), the presence of
antibodies obtained the highest values with
respect to PCR and clinical data (92% in
both cases). For positive LR (LR+), com-
pared to the detection of antibodies, clinical
data and PCR had the highest scores (10.6
and 9.7, respectively). Interestingly, the
lowest value for LR+ (2.9) was obtained
by the detection of antibodies compared
to the ‘gold-standard’ method, PCR. The
highest negative LR (LR—) value (0.27)
was obtained when PCR data was com-
pared against clinical data; the lowest
values were obtained when presence of anti-
bodies were compared to PCR (0.08) or
clinical data (0.06).

The highest values for accuracy/effec-
tiveness corresponded to antibody/clinical
comparisons (86%), followed by the anti-
body/PCR comparison (82%) and by clini-
cal/PCR comparison (79%). For Youden’s
index, which reflects the performance of
the diagnostic tests, the highest value
was achieved for the clinical/antibody com-
parison (76%); for PCR/antibody compar-
ison the value was 62% and for PCR/
clinical the value was 57%.

Using densitometric analysis for the
quantification of band intensity on the
chromatography paper of the LFAs, there
was no difference between men and women
in mean pixel intensity (dpi) of the IgM
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Table 2. Diagnostic accuracy of the different diagnostic methods of COVID-19 in healthcare workers (n=111).

PCR vs.

PCR vs.

Clinical data vs.

Antibodies
(95% Cl)

Clinical data vs

PCR

Antibodies vs.
Clinical data

(95% Cl)

Antibodies vs.

PCR

Clinical data
(95% Cl)

Antibodies
(95% Cl)

(95% Cl)

(95% Cl)

78 (66, 87)

77 (65, 86)
92 (79, 98)
95 (86, 99)
67 (53, 80)

85 (73, 93) 84 (73, 91)

95 (87, 99)
74 (60, 86)
84 (73, 91)

95 (86, 99)
67 (53, 80)
77 (65, 86)

Sensitivity, %
Specificity, %

81 (67, 91)
85 (73, 93)

92 (79, 98))
95 (87, 99)
74 (60, 86)

10.6 (3.6, 32)

73 (59, 84)
78 (66, 87)
81 (67, 91)

3.2 (2, 5)
021 (0.11, 0.39)

Positive Predictive Value, %

73 (59, 84)
4.08 (2.2, 7.5)

92 (79, 98)

3.7 (23, 6.1)
0.06 (0.02, 0.19)

92 (79, 98)

2.9 (2, 4.3)
0.08 (0.02, 0.23)

Negative Predictive Value, %
Positive Likelihood Ratio

7 (33, 29)
0.25 (0.17, 0.39)

9.

0.27 (0.17, 0.44)

0.18 (0.11, 0.30))

Negative Likelihood Ratio

79 (71, 86)

82 (74, 89)
69 (44, 84)

86 (79, 92))
76 (52, 90)

86 (79, 92) 79 (71, 86)

70 (47, 85)

82 (74, 89)
62 (39, 79)

Accuracy/ Effectiveness, %

Youden’s Index, %

59 (33, 78)

57 (32, 77)

Abbreviations: Cl, confidence intervals; PCR, polymerase chain reaction.

bands (Figure 2). Mean (SD) pixel intensity
of IgM bands for men was 24.7 (29.3) and
for women was 20.0 (22.9). However, for
IgG, there was a statistically significant dif-
ference between men and women
(P=0.0005). Mean (SD) pixel intensity of
IgG bands for men was 88.1 (26.2) and for
women was 57.6 (41.39).

Although IgM band intensities (i.e.,
titres) tended to be higher in the severe
COVID symptom group compared with
all other groups, only the comparison with
the mild symptom group was statistically
significant (P=0.005) (Figure 3a). Mean
(SD) band intensities for IgM were, 18.3
(20.0), 16.6 (25.9), 23.7 (23.8) and 41.8
(26.2) for HCWs with none, mild, moderate
and severe symptoms, respectively.

By comparison, IgG band intensities
(i.e., titres) in severe cases were statistically
significantly higher than that for asymp-
tomatic (P=0.0005) and mild (P=0.05)
cases but did not differ from moderate
cases (Figure 3b). In addition, IgG band
intensities for moderate cases were statisti-
cally significantly higher than that for
asymptomatic cases (P=0.05). IgG band
intensities for mild cases were also statisti-
cally significantly higher than asymptomat-
ic cases (P=0.05). Mean (SD) band
intensities for IgG were, 37.1 (26.6), 68.6
(35.0), 79.9 (45.0) and 104.9 (20.0) for
HCWs with none, mild, moderate and
severe symptoms, respectively.

Densitometric analysis of band intensi-
ties showed that IgM production was simi-
lar in high risk (frontline) and low risk
(second-line) HCW groups (Figure 4a).
However, band intensities for IgG were sta-
tistically significantly higher (P=0.05) in
the low risk group compared with the high
risk group (Figure 4b).

Discussion

Using LFAs, we analyzed antibody
responses to SARS-CoV-2 in 111 frontline
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Figure 2. Densitometric measurements of IgM and IgG.

Densitometric analysis of the immunochromatography paper for the quantification of band intensity in dots
per inch (dpi) of IgM showed no difference between male (n = 67) and female (n =44) health care workers
(HCWs). Mean (SD) pixel intensity of IgM bands for men was 24.7 (29.3) and for women was 20.0 (22.9).
However, for IgG, there was a statistically significant difference between men and women. Mean (SD) pixel
intensity of IgG bands for men was 88.1 (26.2) and for women was 57.6 (41.39) (**P =0.0005).
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Figure 3. Densitometric measurements of IgM and IgG band intensities according to severity of COVID
symptoms. (2) Although pixel intensity (dots per inch [dpi]) of IgM bands (i.e., titres) tended to be higher in
the severe COVID symptom group compared with all other groups, only the comparison with the mild
symptom group was statistically significant (P=0.005). Mean (SD) band intensities for IgM were, 18.3 (20.0),
16.6 (25.9), 23.7 (23.8) and 41.8 (26.2) for health care workers (HCWs) with none, mild, moderate and
severe symptoms, respectively and (b) By comparison, IgG band intensities (i.e., titres) in severe cases were
statistically significantly higher than that for asymptomatic (P =0.0005) and mild (P =0.05) cases but did not
differ from moderate cases. In addition, IgG band intensities for moderate cases were statistically
significantly higher than that for asymptomatic cases (P=0.05). IgG band intensities for mild cases were also
statistically significantly higher than asymptomatic cases (P = 0.05). Mean (SD) band intensities for IgG were,
37.1 (26.6), 68.6 (35.0), 79.9 (45.0) and 104.9 (20.0) for HCWs with none, mild, moderate and severe
symptoms, respectively.
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Figure 4. Densitometric measurements of IgM and IgG band intensities according to risk of exposure.

(a) Densitometric analysis of band intensities showed that IgM production was similar in high risk (frontline,
n =74) and low risk (second-line, n = 37) healthcare workers (HCWs) and (b) However, band intensities for
IgG were statistically significantly higher (P=0.05) in the low risk group compared with the high risk group.

and second-line HCWs (i.e., doctors,
nurses, psychologists, orderlies, technicians,
and secretaries) returning to work following
mandatory isolation after recovering from
COVID-19 during the first wave of the pan-
demic. We decided to use LFAs because of
the feasibility of being able to perform the
assay easily, the small amount of sample
required (10 pl), and the immediacy of the
results. Moreover, lateral flow test chroma-
tography has been evaluated versus enzyme-
linked immunosorbent assay (ELISA) and
chemiluminescent immunoassay (CLIA)
and has demonstrated an accurate equiva-
lent performance.®

We used a semiquantitative method for
evaluating antibody responses. We con-
ducted densitometric measurements of the
band intensities on the immunochromatog-
raphy paper in the LFAs and considered
the mean pixel intensity of each band as a
measure of antibody titre. This method has
been used elsewhere.'® Using this method,
we found a seroprevalence of 66% (73/111)
in the HCWs. However, this value was well
above seroprevalence levels previously
reported. For example, a study from
Japan reported only 0.74% seroprevalence,
followed by Germany with 0.83%, Italy
7.4% and China 17%.*'In a study from

Iran, seroprevalence of 6% for IgG was
reported in HCWs from two hospitals and
out of the 42 positive PCR tests, only
29 (69%) were associated with IgG produc-
tion. By contrast, in our study, of the
59 positive PCR tests, 56 (95%), were pos-
itive for antibodies. Differences in the
results from seroprevalence studies may
reflect differences in the various methodol-

ogies used.
Consistent with previous findings, the
most intense antibody response was

observed in HCWs with severe COVID
symptoms.”> We believe that this result is
possibly related to triggering of the
immune response and exacerbation of the
inflammatory response. The immune path-
ogenesis of SARS-CoV-2 has been exten-
sively studied and it is known that when
infection occurs there is a prompt innate
and adaptive immune response which
results in viral clearance and recovery.
However, when viral clearance is not effec-
tive, the overexpression of proinflammatory
cytokines is triggered and the humoral
response is impaired, which can lead to
severe complications.?> ¢

We observed that 17 HCWs who were
infected but were PCR-negative exhibited
an antibody response. Therefore, while it
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is important to evaluate PCR results and
clinical data, the detection of antibodies
may be useful in improving the diagnosis,
prognosis, and follow-up treatment for
COVID. Our HCW population was sepa-
rated into low and high risk groups based
on level of exposure to the virus.
Interestingly, there were no differences in
IgM titres between the two groups suggest-
ing that there was no difference in the level
of initial antibody production. However,
the IgG titres were higher than the IgM
titres suggesting that this group of HCWs
may have had a prolonged exposure to
SARS-CoV-2. In addition, there was a sig-
nificant difference in IgG titres between
groups with the low risk group producing
a more intense response than the high risk
group. This result may have been related to
measures taken to protect high risk front-
line HCWs (i.e., the use of protective equip-
ment, prior education on the management
of infected patients, etc.).'” Our findings
suggest that there is a need for similar meas-
ures to be extended to second-line HCWs.

Additionally, we analyzed the clinical
severity of infection by patient age, and
found an association between older age
groups and increased severity of the illness.
Our results are consistent with previous
observations.”” When we analyzed the anti-
body titre (i.e., band intensities) with
respect to sex, we found no difference
between male and female HCWs in IgM
response, suggesting a similar initial
immune response. However, there was a
significant difference between men and
women in IgG titres (i.e., band intensities)
with men having a greater response. This
finding is consistent with previous reports
that have observed more severe disease in
men compared with women.*

Antibody responses indicate the level of
immunological protection against viral
infection. For example, the production of
specific anti-SARS-CoV-2 antibodies leads
to titres that persist for several weeks and

slowly decline over time.”® In our study,
some participants that produced both IgG
and IgM antibodies showed a slow decline
in the levels of both antibodies (data not
shown). Although this slow decline was
observed in only a small number of cases,
it may suggest that, in such cases, it is pos-
sible to observe a longer antibody response
than has previously been reported.”” We
hypothesized that this prolonged response
was due to the continuous exposure of
HCWs to SARS-CoV-2 after they had
developed an initial antibody response, or
possibly to reinfection that had gone unno-
ticed.’® However, we could not continue
monitoring our participants long-term
because their vaccination program had
begun.

Our study had several limitations includ-
ing a small sample size, cross sectional
design, and no control group. Also, more
studies are required to confirm the validity
of using densitometric measurements of
band intensities on immunochromatogra-
phy paper from the LFAs as a measure of
antibody titres.

The SARS-CoV-2 pandemic has raised
several questions about how to better
define its diagnosis and prognosis and
improve treatment of post-COVID-19
sequelae.’’*> HCWs are a group of individ-
uals who are at continuous risk of contact
with infectious diseases and so adherence to
prevention and control measures is vitally
important.®® Therefore, it is essential for
hospital staff to follow guidelines estab-
lished for personal protection and help
reduce the spread within the hospital or
from the hospital to the community.’*
However, despite measures taken to control
SARS-CoV-2, the number of HCWs
infected around the world has been high.*
The dynamics of SARS-CoV-2 infection
make it difficult to detect the initial day of
infection. Therefore, in the case of HCWs
who may acquire SARS-CoV-2 infection in
hospital, it is necessary to establish a
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routine program for detection of the virus
in order to avoid risk of infection and
spread of COVID-19 to close contacts.
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