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Yellow Fever (YF) vaccination is suggested to induce a large number of adverse events
(AE) and suboptimal responses in patients with autoimmune diseases (AID); however,
there have been no studies on 17DD-YF primary vaccination performance in patients
with AID. This prospective non-interventional study conducted between March and July,
2017 assessed the safety and immunogenicity of planned 17DD-YF primary vaccination
in patients with AID. Adult patients with AID (both sexes) were enrolled, along with
healthy controls, at a single hospital (Vitéria, Brazil). Included patients were referred
for planned vaccination by a rheumatologist; in remission, or with low disease activity;
and had low level immunosuppression or the attending physician advised interruption
of immunosuppression for safety reasons. The occurrence of AE, neutralizing antibody
kinetics, seropositivity rates, and 17DD-YF viremia were evaluated at various time points
(day 0 (D0O), D3, D4, D5, D6, D14, and D28). Individuals evaluated (n = 278), including
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patients with rheumatoid arthritis (RA; 79), spondyloarthritis (SpA; 59), systemic sclerosis
(8), systemic lupus erythematosus (SLE; 27), primary Sjogren’s syndrome (SS; 54), and
healthy controls (HC; 51). Only mild AE were reported. The frequency of local and
systemic AE in patients with AID and HC did not differ significantly (8 vs. 10% and 21 vs.
32%; p = 1.00 and 0.18, respectively). Patients with AID presented late seroconversion
profiles according to kinetic timelines of the plaque reduction neutralization test (PRNT).
PRNT-determined virus titers (copies/mL) [181 (95% confidence interval (Cl), 144-228)
vs. 440 (95% Cl, 291-665), p = 0.004] and seropositivity rate (78 vs. 96%, p = 0.01)
were lower in patients with AID after 28 days, particularly those with SpA (73%) and SLE
(73%), relative to HC. The YF viremia peak (RNAnemia) was 5-6 days after vaccination
in all groups. In conclusion, consistent seroconversion rates were observed in patients
with AID and our findings support that planned 17DD-YF primary vaccination is safe and

immunogenic in patients with AID.

Keywords: yellow fever vaccine, autoimmune diseases, viremia, seroconversion, pharmacokinetics

INTRODUCTION

The 17DD-Yellow Fever (YF) vaccine induces safe and
effective protective immunity in healthy individuals, resulting
from robust humoral and cellular immune responses (1-3);
however, it has been proposed that immune-compromised
individuals mount suboptimal immunologic responses after
vaccination (4-6). Moreover, some studies have pointed to a high
prevalence of severe adverse post-vaccination events in patients
with autoimmune diseases (AID), particularly systemic lupus
erythematosus (SLE) and those receiving systemic corticosteroid
therapy (7-10). Studies assessing the safety, effectiveness, and
immunogenicity of YF vaccination in immune-compromised
patients, particularly those with AID, remain scarce (4).

There is still no antiviral treatment for YF therefore
prevention actions such as mosquito control, protection from
mosquito bite and vaccination are extremely necessary. A live
attenuated vaccine strain 17D was developed in 1937. Two
substrains are used in the vaccine today, substrains 17D-204
(Sanofi- Pasteur) and 17DD (Fiocruz), which are at passages 235-
240 and 287-289, respectively, from wild-type Asibi virus (11).

The vaccine produces high level of protection that occurs in
90% of vaccines within 10 days and in nearly 100%, in 4 weeks.
Immunity after a single dose is long lasting and may provide
protection for life (12). The World Health Organization (WHO)
recommends a single dose immunization for travelers to endemic
area. However, protective cellular and humoral immunity wanes
over time in some individuals (13).

YF vaccination is generally well-tolerated, adverse events
are reported in only 43 per 100,000 doses and most cases
are mild. “Vaccine-Associated Viscerotrophic Disease” (YEL-
AVD) and “Vaccine-Associated Neurological Disease” (YEL-
AND) are severe and rare adverse events, reported only in
primary vaccinees, and especially in children, elderly and history
of thymus disease (11, 14).

In December 2016, a YF outbreak occurred in Brazil
that extended to several Eastern states, including areas not
traditionally considered at risk and where, therefore, YF

vaccination was not recommended to the resident populations,
or travelers to those specific locations, until the outbreak. YF is a
severe infectious disease and vaccination is the most important
way to protect from this condition, which has high mortality
rates. Soon after the first cases were reported in 2017, the
Brazilian Government decided to conduct an extensive Brazilian
YF vaccination campaign. Immunization was free and offered
by many public services in the affected zones; consequently,
numerous patients with AID were inadvertently vaccinated
or remained unvaccinated and susceptible, and at risk of YF
infection and its severe outcome.

Live attenuated vaccines should be used with caution in
populations with AID because of the risk of adverse events (AE).
The majority of guidelines generally recommend avoiding live
vaccines for immunosuppressed individuals (15). The decision
to be vaccinated must consider both the risks of exposure and
possibility of death from YE and the risks of complications
caused by the vaccine (16). Recently, the Brazilian Society of
Rheumatology, Dermatology, Bowel Inflammatory Disease have
published recommendations about YF vaccination in patients
with chronic immune-mediated inflammatory diseases living
or traveling to YF endemic areas (17). Faced with absence of
prospective studies in AID, it is necessary to establish medical
evaluation criteria to allow or prohibit vaccination.

To date, there have been no studies investigating the response
to, and safety of, planned 17DD-YF primary vaccination in
patients with AID patients. Therefore, any effort to generate
scientific evidence will contribute to development of appropriate
recommendations regarding vaccination. The aims of this study
were to evaluate the occurrence of AE, seroconversion rates,
kinetics of neutralizing antibody production, and vaccine viremia
after 17DD-YF primary vaccination of patients with AID.

MATERIALS AND METHODS
Study Design

This was a prospective non-interventional study, carried
out between March 2017 and July 2017 in Vitéria, Espirito
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Santo, Brazil. All participants received the 17DD-YF primary
vaccination (Bio-Manguinhos-FIOCRUZ) during the 2017
Brazilian YF vaccination campaign, coordinated by the State
Government. This study is registered in the Registro Brasileiro
de Ensaios Clinicos (Brazilian Registry of Clinical Trials,
UTN# U1111-1217-6672).

Individuals of both sexes, aged from 18 to 88 years, with
the following AID diagnoses: rheumatoid arthritis (RA),
spondyloarthritis (SpA), systemic sclerosis (SSC), systemic
lupus erythematosus (SLE), Sjogren’s syndrome (SS), and
healthy controls (HC), were enrolled in the study. Patients with
AID were attended in the Rheumatology Outpatient Unit of
Hospital Universitario Cassiano Anténio Moraes/EBSERH
at Universidade Federal do Espirito Santo (HUCAM-
UFES/EBSERH), where the risks and safety of the YF vaccine
were evaluated. The HC group consisted of individuals who
attended the routine vaccination unit at HUCAM. All those did
not have AID and did not meet the exclusion criteria.

The study was submitted and approved by the
ethical committee of HUCAM-UFES/EBSERH (C.A.A.E
65910317.0.0000.5071, approval #2.411.738/2017). Informed
consent was obtained from all participants.

Inclusion/Exclusion Criteria

The inclusion criteria for both groups comprised: individuals
> 18 years, able to understand and read the consent form, or
have a legal representative to read it, and had never received
YF vaccination. Moreover, in the AID group, each patient
fulfilled international classification criteria for AID, according
to the American College of Rheumatology and/or European
League Against Rheumatism international classification criteria
for RA, SpA, SSC, SLE, and SS (18-23). All patients were
advised by a rheumatologist to undergo planned YF vaccination
when in remission or had low disease activity; and, when using
immunosuppressant or biological therapy were advised that
it was safe to interrupt this by their physician. The interval
between withdrawal of therapy and YF vaccination was that
specified in the Brazilian Recommendations for YF vaccination
in patients with AID (17), as follows: interval > 3 months
for immunosuppressive oral therapy, > 5.5 half-lives for any
biological therapy, and > 6 months for rituximab (Table 1)
(6,17, 24, 25).

Exclusion criteria comprised: patients who had not been
advised by a rheumatologist to receive the vaccine; did not
agree to participate; immunosuppressed by other causes (HIV
carriers with CD4 count < 200 cells/mm? or lymphocytes < 500
cells/mm?); low IgG or IgM levels; organ transplantation history;
primary immunodeficiency; neoplasia; previous history of
thymus diseases (myasthenia gravis, thymoma, thymus absence,
or surgical removal); high disease activity index; receiving high
levels of immunosuppressive treatment with cyclophosphamide,
mycophenolate mofetil, tacrolimus, cyclosporine, sirolimus,
azathioprine > 2 mg/kg/day, prednisone > 20 mg/day,
methotrexate > 20 mg/week, or any immunobiological drug
(17, 24, 25); and received another vaccine simultaneously or
at an interval < 30 days. Individuals previously vaccinated

TABLE 1 | Minimum period of time recommended between withdrawal of therapy
and 17DD-YF vaccination for patients with AID, according to Brazilian
recommendations .

Interval between withdrawal
and vaccination

Drug

Prednisone > 20 mg/day or pulse
methylprednisolone

> 1 month

Hydroxychloroquine, sulfasalazine, acitretin, Consider vaccination without

methotrexate < 20 mg/week, leflunomide 20 interval
mg/day

Methotrexate > 20 mg/week > 1 month
Azathioprine, mycophenolate, cyclosporine, > 3 months
tacrolimus, cyclophosphamide

Tofacitinib > 2 weeks
Anti-cytokines and co-stimulation inhibitor 4-5 half-lives®
B-lymphocyte depletors 6-12 months

aThe medical criteria to conduct the drug elimination protocol before vaccination are
indicated (13).
bBased on pharmacological half-life, except B-lymphocyte depletors.

against YE according to their medical records, and those
with seropositive results for anti-YF antibody by plaque
reduction neutralization test (PRNT > 1:50 at baseline) were
also excluded.

AlID-Related Clinical Records

Baseline demographic data included AID classification criteria
(18-23), disease duration (years), AID disease activity score
(26-30), and current use of synthetic and biological disease-
modifying anti-rheumatic drugs (DMARDs). Twenty-eight days
after 17DD-YF primary vaccination, AID related symptoms,
AID disease activity score, and AlID-related symptoms were
reassessed. All data collected were obtained by medical/nurse
interview and current medical reports/prescriptions.

Safety Assessment

At baseline, all patients were given a diary that contained
information about all YF vaccine-related AE and were instructed
to record any new symptom that presented up to 30 days
after YF vaccination. They also received an appointment for
a follow-up visit (D28) and examinations (as specified below).
Unscheduled visits were permitted whether any new symptoms
presented after vaccination. Symptoms recorded in the diary
were confirmed during nurse/medical visits (unscheduled visits
and/or D28 scheduled return visit). AE events were stratified by
extent and severity, according to the WHO classification (31).
Local AE were defined as any symptom, including pain, pruritus,
hyperemia, edema, or node at the application site. Systemic
AE were defined as any symptom including fever, headache,
myalgia, arthralgia, weakness, tremor, urticaria, angioedema,
anaphylactic reaction, jaundice, and peripheral edema. Severe
AE were defined as YF vaccine-associated neurotropic disease,
YF vaccine-associated viscerotopic disease, or complications
that resulted in hospitalization or death. Mild AE were any
other AE that did not meet the criteria for severe AE. For all
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AE, participants were actively asked about the symptoms and
answered “yes” or “no.”

Blood Samples

Blood samples were collected from each participant at baseline
(day 0; D0) and at three subsequent scheduled time points: (i)
[D3, D6, D28]; (ii) [D4, D7, D28]; or (iii) [D5, D14, D28]. Serum
samples were obtained from 20 mL of whole blood collected in
vacuum tubes without anticoagulant. Serum aliquots were stored
at —80°C until processing for detection of neutralizing antibodies
and viremia analysis.

Analysis of YF Neutralizing Antibodies and

Viremia Levels

YF vaccine immunogenicity was evaluated in serum samples
by assessment of anti-YF neutralizing antibody levels using
PRNT, which is the gold-standard method (32). The results are
expressed as the reciprocal of serum dilution. Values above serum
dilution 1:50 were considered positive. Viremia levels (YF viral
RNAnemia) were quantified in serum samples by qRT-PCR assay,
according to Martins et al. (33). The results are expressed as
copies/mL. Samples were processed in Laboratério de Tecnologia
Viroldgica, Bio-Manguinhos (LATEV, FIOCRUZ-R], Brazil).

Statistical Analysis

Descriptive statistical analysis was conducted using Prism 5.03
software (GraphPad Software, San Diego, USA). A chi-square
test was used to compare the occurrence of AE and PRNT
seropositivity rates amongst groups. Comparative analysis of
PRNT titers between the HC and AID groups was performed by
Mann-Whitney test. Multiple comparisons of PRNT titers and

viremia levels amongst HC and AID subgroups were carried out
using the Kruskal-Wallis test, followed by Dunn’s post-test for
sequential pair-wise comparisons. In all cases, p < 0.05 were
considered statistically significant.

RESULTS

In total, 278 individuals were included in the study: RA (n
= 79), SpA (n = 59), SSc (n = 8), SLE (n = 27), SS (n
= 54), and HC (n = 51). The mean [standard deviation;
SD] age of participants in the AID group was 51 (14) years
and 71.8% were women. In the HC group, mean [SD] age
was 56 (15) years and 56.9% were women. At baseline, all
individuals were in remission, or had low disease activity, and
most were under low level immunosuppression (prednisone
< 20 mg/day; methotrexate <20 mg/week, azathioprine < 2
mg/kg/day; leflunomide, sulfasalazine, or hydroxychloroquine).
Few were undergoing strong immunosuppression (16.75% of
RA and 49% of SpA were receiving biological therapy; 11.11%
were receiving cyclophosphamide in the SLE group; 14.81%
were on high doses of prednisone or methylprednisolone; and
29.63% were receiving azathioprine). In these patients with
very stable disease, biological therapy and immunosuppressive
therapy were discontinued before vaccination, according to
Brazilian recommendations (17). Detailed clinical features of
participants are provided in Table 2. The number of participants
is shown in Figure 1.

Safety of the 17DD-YF Vaccine

In the present study the occurrence of adverse events in
both groups, HC and AID patients, was monitored by active

TABLE 2 | Baseline demographic, clinical, and therapeutic characteristics.

Features HC AID RA SpA SsC SLE SS
(n=51) (n =227) (n=179) (n =59) (n=28) (n=27) (n =54)
Women, % 57 72 82 52 75 100 98
Age, mean (SD), years 56 (15) 51 (14) 55 (13) 47 (11) 59 (7) 45 (16) 54 (14)
PRED < 20 mg/d, % - 12.1 16.3 1.8 12.5 25.9 9.3
MTX, % - 28.8 36.3 31.6 12.5 11.1 241
LFN, % - 9.4 18.3 7.0 0 0 3.7
HCQ, % - 17.1 13.8 1.8 0 44.4 25.9
SSA, % - 4.9 25 15.8 0 0 0
AZA, % - 5.9 0 12.5 29.6 7.4
MMF, % - 1.3 0 0 7.4 1.9
CSA, % - 0.4 1.3 0 0 0
CFM, % - 2.3 1.3 0 12.5 11.1
PRED > 20 mg/d, % - 2.7 0 0 0 14.8 3.7
Biological Therapy?, % - 18.4 16.8 49.1 0 0 0
Disease Activity, mean - - DAS 28 BASDAI - SLEDAI ESSDAI
(SD) 2.99+0.9 1.92+2.1 1.08 £1.5 1.89 £3.2

HC, healthy controls; AID, autoimmune disease patients; RA, rheumatoid arthritis; SpA, spondyloarthritis; SSC, systemic sclerosis; SLE, systemic lupus erythematosus; SS, primary
Sjégren’s syndrome; SD, standard deviation; PRED, prednisone; MTX, methotrexate; LFN, leflunomide; HCQ, hydroxychloroquine; SSA, sulfasalazine; AZA, azathioprine; MMF,
mycophenolate; CSA, cyclosporine; CFM, cyclophosphamide; DAS 28, disease activity score; BASDAI, bath ankylosing spondylitis disease activity index; SLEDAI, systemic lupus
erythematosus disease activity index; ESSDAI, EULAR Sjégren’s syndrome disease activity index. @biological therapy included: adalimumab, etanercept, infliximab, abatacept

and rituximab.
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Compendium of Study Population and Methods

Prospective Study

<____

Not-Included (n=29)
No return to Medical Appointment

Healthy Controls (HC), n=13
Autoimmune Diseases (AID), n=16

Eligible Patients n=278

Withdraw Criteria

PRNT positive at baseline

Lost to follow-up

--1->

Not-Included (n=95)
Missing Sample Collection

Healthy Controls (HC), n=28
Autoimmune Diseases (AID), n=67

|

Clinical Records

Included in the Study (n=249)

Healthy Controls (HC), n=38

Rheumatoid Arthritis (RA), n=75
Spondyloarthritis (SpA), n=51

Systemic Sclerosis (SSC), n=07

Systemic Lupus Erythematosus (SLE), n=27

Sjogren’s Syndrome (SS), n=51

—

Day7-28

Medical Interview &

Patient Report Diary (Questionnaire)

FIGURE 1 | Overview of the study population and methods. This was a prospective non-interventional study carried out between March and July 2017 in Vitoria,

Laboratorial Analysis

Included in the Study (n=183)

Healthy Controls (HC), n=23

Rheumatoid Arthritis (RA), n=46
Spondyloarthritis (SpA), n=51

Systemic Sclerosis (SSC), n=06

Systemic Lupus Erythematosus (SLE), n=22

Sjogren’s Syndrome (SS), n=35

Day0
Day3
Day4
Day5
Day6
Day7
Day14
Day28

YF-Plaque Reduction
Neutralization Test (PRNT)

YF-Viremia (QRT-PCR)

Espirito Santo, Brazil. The study enrolled 278 individuals of both sexes, ranging from 18 to 88 years old. Individuals seropositive for anti-YF antibody (PRNT > 1:50 at
baseline) or those lost to follow-up were withdrawn from the study after being included. A total of 249 volunteers completed the clinical records, comprising: 75 with
rheumatoid arthritis (RA), 51 with spondyloarthritis (SpA), 7 with systemic sclerosis (SSC), 27 with systemic lupus erythematosus (SLE), 51 with Sjogren’s syndrome
(SS), and 38 healthy controls (HC). Clinical records were obtained by medical/nurse interview, from patient report diary or previous medical reports, prescriptions, and
records, from D7 to D28 after 17DD primary vaccination. For laboratory analyses, a group of 183 volunteers (RA = 46, SpA = 51, SSC = 6, SLE = 22, SS = 35, HC

= 23) agreed to have blood samples collected at baseline (D0) and subsequent time-points, including: D3, D4, D5, D6, D7, D14, and D28. Laboratory analyses
included YF-plague reduction neutralization test (PRNT) and YF viremia (RNAnemia) analysis by gRT-PCR.

surveillance based on the weekly medical visit and patient diary
reports up to 28 days after 17DD-YF primary vaccination. A
total of 249 clinical records, including 211 from patients with
AID and 38 from HC, were obtained by interview and patient
diary reports. Twenty-nine individuals were lost during follow-
up. The frequency of lost during follow-up was around 25%
in HC and 7% in AID. The frequencies of local and systemic
AE observed after 17DD-YF primary vaccination are provided
in Table 3. Only mild AE were reported. The analysis of local

and systemic AE did not reveal significant differences in AID
patients relative to HC (8 vs. 10% and 21 vs. 32%; p = 1.00 and
0.18, respectively).

Immunogenicity of the 17DD-YF Vaccine

Seropositivity rates and PRNT levels in patients with AID at D28
after 17DD-YF primary vaccination are presented in Figure 2.
Seropositivity rates (PRNT > 1:50) were lower in patients with
AID than HC (78 vs. 96%, p = 0.01). Comparative analysis of
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Seropositivity Rates and PRNT Levels in Patients with Autoimmune Diseases After 17DD-YF Primary Vaccination
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FIGURE 2 | Seropositivity rates and PRNT levels after 17DD-YF primary vaccination in patients with AID. Levels of 17DD-YF specific neutralizing antibodies were
detected by micro-PRNT, as previously described by Simdes et al. (25). Seropositivity rates were determined with serum dilution > 1:50 as the cut-off criterion for
PRNT positivity (dashed line). Data are presented as bar charts of proportion of seropositive results at D28 according to the cut-off of 1:50 expressed in reverse of
serum dilution for HC (CJ), AID (.), and AID subgroups (D). The chi-square test was employed for comparative analysis of PRNT seropositivity rates amongst groups.
The PRNT levels at D28 are expressed as geometric mean titer and 95% Cl of reverse serum dilution, presented in scatter plots for HC (O), AID (.), RA (O), SpA (D),
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seropositivity rates among HC and AID subgroups demonstrated Analysis of PRNT levels demonstrated lower geometric mean
similar results for RA, SSC, and SS; however, lower seropositivity titers in patients with AID relative to HC (181, 95% confidence
rates were observed in SpA (73%, p = 0.02) and SLE (73%, p =  interval (CI) 144-228 vs. 440, 95% CI 291-665; p = 0.004).
0.03) relative to HC. Further comparative analysis among AID subgroups did not
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TABLE 3 | Adverse events in patients with autoimmune diseases after 17DD-YF
primary vaccination.

Groups Adverse events (AE)
Local®, % (n)  p-value Systemic®, % (n)  p-value
HC (n = 38) 8(3) - 21(8) -
AID (n = 211) 21 (44) 1.00 32 (7) 0.18
RA (n =75) 9(7) 1.00 31 (23) 0.37
SpA (n = 51) 4(2) 0.65 26 (13) 0.80
SSC (h = 07) 14 (1) 0.50 57 (4) 0.07
SLE (n = 27) 4 (1) 0.63 30 (8) 0.56
SS (n = 51) 2(1) 0.14 39 (20) 010

Comparative analysis between HC and AID or AID subgroups were carried out by 2
test. p-values are reported for comparisons to HC. @local AE included: pain, pruritus,
hyperemia, edema, or node at the application site; Psystemic AE included: fever,
headache, myalgia, arthralgia, weakness, tremor, urticaria, angioedema, anaphylactic
reaction, jaundice, peripheral edema. HC, healthy controls;, AID, autoimmune disease
patients; RA, rheumatoid arthritis; SpA, spondyloarthritis; SSC, systemic sclerosis; SLE,
systemic lupus erythematosus; SS, primary Sjégren’s syndrome.

TABLE 4 | Viremia levels in patients with autoimmune diseases after 17DD-YF
primary vaccination.

Groups Viremia peak Viremia level at peak? p-value
(day after vaccine) (Mean copies/mL)

HC (n = 07) Day 5 8.240.7 x 10°

AID (n = 42) Day 6 594 0.7 x 10° 0.16
AID/PRNT(-) (n = 07) Day 5 1.3+0.1 x 10° 0.18
AID/PRNT(+) (n = 35) Day 5 6.3+ 0.3 x 10° 0.61

RA (n = 15) Day 5 1.6 x 10° 0.17

SpA (n = 15) Day 5 11.83 x 10° 0.56

SSC (n =02) - Undetectable -

SLE (n = 06) Day 5 4.8 x 10° 0.25

8S (n =08) Day 6 28.2 x 108 0.76

@Data are reported as mean YF viral copies + standard error (SE)/mL. Comparative
analysis between HC and AID (p = 0.16) and AID/PRNT(-) and AID/PRNT(+) (o = 0.23)
were carried out by Mann-Whitney test. ANOVA and multiple comparisons amongst HD
and AID subgroups were performed by Kruskal-Wallis (p = 0.20), followed by Dunn’s
multiple comparison test. HC, healthy controls; AlID, autoimmune disease patients; RA,
rheumatoid arthritis; SpA, spondyloarthritis; SSC, systemic sclerosis; SLE, systemic lupus
erythematosus; SS, primary Sjégren’s syndrome.

demonstrated significant differences between RA, SSC, and SS as
compared to HC. Conversely, lower geometric mean titers were
observed in patients with SpA (112, 95% CI 73-170; p < 0.001)
and SLE (143, 95% CI 61-332; p = 0.01) relative to HC.

Kinetic Timeline of PRNT Levels

With the aim of determining the timeline kinetics of neutralizing
antibody production in patients with AID, PRNT titers were
measured at sequential time points (D0, D3, D4, D5, D6, D7,
D14, and D28). The results demonstrated that patients with AID
had significantly lower PRNT titers at D5, D14, and D28 than
HC. After correction for multiple testing the PRNT titers among

AID subgroups showed that they were significantly lower at D28
relative to HC (Figure 3).

Seropositivity rates at D14 and D28 were further assessed,
demonstrating that the seropositivity rate at D14 was significantly
lower in patients with AID than those in HC (21 wvs.
75%; p = 0.04). Comparative analysis among AID subgroups
demonstrated overall impaired seropositivity rates at D14 (RA =
25%, SSC = 0%, SS = 17%) with significant differences observed
for SpA (28%; p = 0.02) and SLE (14%; p = 0.03) relative to
HC. Seropositivity rates at D28 showed that patients with AID
presented late seroconversion profiles, regardless of subgroup,
reaching 78% seroconversion relative to D14 (Figure 4).

Kinetic Timeline of 17DD Viremia

Viremia profiles were analyzed at sequential time points (DO,
D3, D4, D5, D6, D7, D14, and D28) and the data are presented
as the percentage of maximum (Figure 5). Analysis of overall
viremia profiles demonstrated that the YF viral RNAnemia peak
and global maximum were detected around D5-D6, regardless of
AID subgroup. The YF viral RNAnemia peak was slightly later
and lower in patients with AID (D6 = 47%) relative to HC (D5 =
78%). Additional analysis was carried out by segregating patients
with AID into two subgroups, according to their seroconversion
profiles: AID/PRNT(-) and AID/PRNT(+). The day of viremia
peak with global maximum values (AID/PRNT(-) = 55%;
AID/PRNT(+) = 45%) was detected at D5. Comparative analyses
of AID subgroups further demonstrated that global maximum
values were detected at around D5 (RA = 39%; SpA = 90%; SLE
= 57%) and D6 (SS = 86%). Viremia was undetectable in the
SSC subgroup (Table 4).

DISCUSSION

This investigation prospectively evaluated AE in response to, and
efficacy of, YF primary vaccination in patients with rheumatic
AID. Despite data showing that antibody levels were lower than
those in controls, consistent seroconversion rates were observed
in patients with AID.

A systematic review, including case reports following live
vaccinations of immunosuppressed patients, showed that the rate
of seroconversion of YF vaccine was high, and better than those
of other live vaccines, in patients with AID (34).

Oliveira et al. (35) studied 31 individuals with AID who were
inadvertently re-vaccinated. Similar to our results, they reported
a seroconversion rate of 87%. Both studies suggest that, although
the titers of neutralizing antibodies are lower among patients with
rheumatic disease than healthy individuals, they were sufficiently
high to confer a protective response (36).

A single study from the Netherlands reported 15 cases
of patients with AID (rheumatoid arthritis, pyoderma
gangrenosum, and psoriatic arthritis) who received primary
YF vaccination, which reported 50% seroconversion (virus
neutralization at serum dilution 1:50) in patients using
methotrexate (n = 8), prednisone (n = 1), leflunomide (n = 1),
and etanercept (n = 2) (5). We found a higher of seroconversion
rate of 78% than the reported latter study; however, there are
some potential reasons for the difference between these studies.
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FIGURE 3 | Kinetic timeline of PRNT levels in patients with AID after 17DD-YF primary vaccination. Levels of 17DD-YF specific neutralizing antibodies were detected
by micro-PRNT, as previously described by Simdes et al. (25). Data are presented as a scatter plot over a column chart of PRNT titers, expressed as the reverse of the
serum dilution and 95% Cl of reverse serum dilution (HC,O; AD,®; RA,O; SpA, [T, SSCA; SLE,V; and SS,9) at bassline (day 0; DO) and over time after primary
vaccination (D3, D4, D5, D6, D7, D14, and D28). The cut-off point (PRNT > 1:50) is represented as a dashed line. Comparative analysis of PRNT titers at each time
point (HC vs. AID or AID subgroups) was performed by Mann-Whitney test. A threshold p < 0.05 was considered statistically significant. Overlaid kinetic timeline
profile of PRNT is also provided in the figure. The number of samples tested for HC, AID, and AID subgroups is provided in the figure.
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PRNT Seropositivity Rates in Patients with Autoimmune Diseases at D14 and D28
After 17DD-YF Primary Vaccination
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FIGURE 4 | PRNT seropositivity rates in patients with AID at D14 and D28 after 17DD-YF primary vaccination. Levels of 17DD-YF-specific neutralizing antibodies
were detected by micro-PRNT, as previously described by Simdes et al. (27). Seropositivity rates were calculated with a serum dilution > 1:50 considered the cut-off
criterion for PRNT positivity (PRNT > 1:50). The results are presented in bar charts for HC (OJ), AID (l), and AID subgroups (D). A chi-square test was employed for
comparative analysis of PRNT seropositivity rates among groups. A threshold p < 0.05 was considered statistically significant. HC, healthy contros; AID, autoimmune
patients; RA, rheumatoid arthritis; SpA, spondyloarthitis; SSC, systemic sclerosis; SLE, systemic lupus erythematosus; SS, primary Sjogren’s syndrome.

Day 28
100 %%
85%

< 78% - 85% 80%
e 73% 73%
w Al
L
©
[as]
> 50
=
.‘5
o
Q
o
O
n

HC AID RA  SpA SSC SLE SS
n 22/23 125/160  39/46 37/51 5/6  16/22 28/35

X2 0.01 0.18 0.02 029 0.03 0.09

AID Subgroups

First, we included patients who underwent planned vaccination
and were under low level immunosuppression and, second, we
prospectively evaluated all participants 28 days after vaccination.
In the previous study, samples were collected from 15 immune-
compromised individuals, vaccinated with the 17DD-YF vaccine
between 2004 and 2012, at different times after vaccination
(5). The same authors reported that the percentages of early-
differentiated memory cells increased over time and concluded
that time since vaccination was negatively correlated with the
number of specific memory cells (4).

We also evaluated the immune responses in different diseases.
As expected, the response in patients with SLE was lower,
probably because the disease pathology affects both innate and
adaptive immune responses, particularly those of B-cells (36).
A diminished response to antigenic challenge in SLE, including
vaccinations, has previously been suggested (36, 37). Holvast et al.
(37) evaluated 56 patients with quiescent SLE and 18 HC who
received influenza vaccination. Fewer patients achieved a titer
> 40 to both influenza A strains (75% of patients vs. 100% of
controls) (17, 36). Although the humoral response of patients
with SLE is decreased, it still fulfills the criteria for influenza
vaccine immunogenicity, as agreed upon by the Committee
for Proprietary Medicinal Products (38). Therefore, the clinical
relevance of such a decreased response remains unclear. Little
is known about cell-mediated immune responses to vaccination
in patients with SLE, although diminished or disturbed T helper
function has been suggested (38). We considered azathioprine
< 2 mg/kg/d as low level immunosuppression, and one third

of SLE patients were using it in our study, which may have
contributed to the low humoral response observed in the
SLE group.

Surprisingly, PRNT levels and the seroconversion rate were
as low in the SpA group as those observed in SLE. Our
hypothesis is that some patients in this group had a history of
using biological therapy and that perhaps the washout time was
insufficient to reconstitute an immune response (39). Ferreira
et al. demonstrated earlier loss of humoral response, triggered by
conventional synthetic DMARDs (csDMARDs), combined with
biological DMARD:s. This was confirmed by the critical decrease
in PRNT seropositivity rate to 76%, observed at > 5-9 years post-
vaccination in patients with RA receiving combined therapy, in
contrast with the standard decline observed in controls and the
c¢sDMARD group 10 years after 17DD-YF vaccination (40).

Our study was conducted in patients under low
immunosuppression. Antiproliferative drugs, mycophenolate
mofetil, calcineurin inhibitors, azathioprine (> 2 mg/kg/day),
prednisone (> 20 mg/day), methotrexate (> 20 mg/week), or
any immunobiological drug were withdrawn for the minimum
recommended interval, according to Brazilian guidelines (17).

In the SpA group, 49% were using biological therapies that
were withdrawn after the minimum interval, and it is possible this
interval (4-5 half-lives) (17) is insufficient to allow reconstitution
of immune responses. Future studies of cellular immune
signatures, comparing groups receiving different therapies and
with various diseases, could help in understanding why patients
with SLE and SpA had the lowest antibodies levels.

Frontiers in Immunology | www.frontiersin.org

July 2020 | Volume 11 | Article 1382


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Valim et al. Yellow Fever Vaccination—Autoimmune Diseases

Kinetic Timeline of YF Viremia in Patients with Autoimmune Diseases After 17DD-YF Primary Vaccination
Healthy Controls (HC) Autoimmune Diseases (AID)
AID PRNT Subgroups
100 4 100 4
= 8 1 85 100 1 AID/PRNT(-) | | AID/PRNT(#)
85 E
g 70 A 70 4
"6 70 4 1
] 551 55 o & o ]
g 40 - 40 40 1
a3
S 25 4 25 - % 1 1
10 - A 10 - o 1
N 5
-5 T T T T T T T T -5 T T T T T T T T DO D3 D4 D5 D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14 D28
DO D3 D4 D5 D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14 D28 o 08 09 O 06 b 02 n 34 35 35 30 26 12
n 07 06 07 07 03 08 n 47 44 50 42 46 22
Rheumatoid Arthritis (RA) Spondyloarthritis (SpA) Systemic Sclerosis (SSC) ~ Systemic Lupus Erythematosus (SLE)  Sjégren’s Symdrom (SS)
100 E 1
85 4 g 1
=
g E g
G 55 - 1 1 1
8
i 1407 1 1
§ = 4 ] ]
Z 10 4 1 1
A—D—DDDHA
=3
DO D3 D4 D5 D6 D7 D14D28 DO D3 D4 DS D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14D28 DO D3 D4 DS D6 D7 D14 D28
n 15 12 15 13 12 09 n 15 12 15 14 14 01 n 03 01 02 03 01 01 n 06 06 06 05 07 01 n 07 13 12 08 12 12
Timeline Kinetics (Days)
HCvs AID AID PRNT Subgroups AID Subgroups
100 A 1 4
85 E i
fg 70 A E -
=
s 55 4 g B
®
o 40 1 1 |
§
§ 25 4 - 4
10 4 \ 4 4
8 . . & = = 5 e i . ! . : . ; v ; . . . = = - 2 :
DO D3 D4 D5 D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14 D28 DO D3 D4 D5 D6 D7 D14 D28
Timeline Kinetics (Days)
FIGURE 5 | Kinetic timeline of YF viremia in patients with autoimmune diseases after 17DD-YF primary vaccination. Viremia levels (YF viral RNAnemia) were quantified
in serum samples by gRT-PCR assay, according to Martins et al. (28). The results are expressed as percentage of maximum viremia levels + standard error detected
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Previous studies have shown that severe AE are more  this matter. We did not analyze cellular responses, which could
common in patients with AID, particularly SLE (8). Also,  shedsome light on the differences in immune responses observed
immunosuppressive drugs can increase the risk of AE (9, 10). We ~ among patients with various diseases. We were unable to analyze
did not observe any severe AE; however, we recorded frequent  medication background, due to sample size restrictions. In
mild AE (34%), which was similar in the control group and to  addition, we did not include children in this study neither
reports from a previous study (41). We did not explore the risks  investigate the disease activity on follow-up. We plan to follow
associated with medication, because all patients were under low  patients after 6 and 12 months to study disease activity,
level immunosuppression. and for 5 years to determine cellular and humoral responses

Our study has some limitations. The number of AID/PRNT(-)  over time. Further studies of immunological biomarkers prior
is modest and further studies are required to further explore  and after 17DD-YF primary vaccination would be relevant to
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add new insights to explain the differences on seroconversion
rates observed amongst AID patients according the subgroups
of diseases.

In conclusion, our findings support the safety and efficacy
of planned primary YF vaccination for patients with AID with
low disease activity and receiving low level immunosuppression.
These results will help to define target populations and indicators
of protection, particularly in endemic countries with high
historical rates of YF virus circulation in continuous expansion.
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