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Abstract: Background/Objectives: Patients with rheumatoid arthritis (RA) are prone to develop
infections. Methods: Accordingly, 195 untreated early (e)RA patients and 398 healthy controls were
selected from women in Tatarstan’s cohort to study infectious history in the anamnesis (four criteria)
and in the previous year (16 criteria). Information about annual infections was collected face-to-face
from year to year by a qualified rheumatologist/general practitioner and included the active use of
information from medical records. Results: In the anamnesis, tuberculosis, and pneumonia, and in
the previous year, respiratory tract infections, skin infections, and herpes simplex virus reactivation
incidence were reported to be increased in eRA patients, as well as the event number and duration
of acute and chronic tonsillitis. Moreover, more bacterial-suspected upper respiratory infections
and urinary tract infections were retrieved in sporadic eRA patients as compared to familial eRA
patients. An elevated immunization against CCP prevented respiratory tract infection in those with
HSV exacerbation. Finally, associations were retrieved between infection (event number/delay) and
RA indices: (i) chronic tonsillitis exacerbations with disease activity and health assessment (HAQ) in
familial eRA; (ii) bacterial-suspected upper respiratory infections with the number of swollen and
tender joints in sporadic eRA; and (iii) HSV exacerbation with inflammation in eRA patients with
negative/low response against CCP. Here, we demonstrate the complex nature of the interplay of RA
with specific infections. Conclusions: For the first time, differences in the patterns of annual trivial
infections and their links with RA indices were found in cohorts of familial and sporadic cases of the
disease. Additionally, for the first time, we identified a remarkable relationship between early RA
and exacerbations of chronic tonsillitis, as well as tuberculosis in the patient’s history. Altogether, this
study supports the existence of a complex interplay between infections and RA at onset driven by
familial status and the presence of anti-CCP Ab at elevated levels.

Keywords: early rheumatoid arthritis; chronic tonsillitis; respiratory tract infections; HSV
reactivation; anti-CCP

1. Introduction

Rheumatoid arthritis (RA) is a multifactorial autoimmune disease that results from
an inadequate immune response in genetically predisposed individuals; it is associated
with a higher risk of developing latent or acute infections, as reported since the 1870s [1,2].
However, since that time, the direct role of infections in RA development and/or disease
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activity remains controversial. Several proposals have been formulated, and, some of them,
supported, since the 2010s with the development of microbiome analysis [3]. First, the
time of infection may be important, with a pathogenic infectious contribution that changes
during the different stages of the disease and flares. Indeed, we have reported that trivial
oral tract infections are more pronounced during the year preceding RA diagnosis and are
then decreased within three years after RA onset [4], while herpes simplex virus (HSV)
reactivation was associated with RA flares after RA onset [5]. Second, RA development
and flares may result from cumulative infectious events rather than from specific bacterial
or viral factors. Third, RA may be considered a syndrome, and signs and symptoms
that define RA results may be driven by a complex interplay between infectious and non-
infectious triggers [6]. In other words, “RA” may arise as a consequence of a number of
different pathways that differ according to the RA phenotypes and infections [7]. Fourth,
the genetic and immunological status at RA onset may be important, such an assertion has
been reinforced by our report showing that the oral microbiome is tightly controlled in RA
patients with elevated anti-cyclic citrullinated peptide antibodies (CCPs) [8].

It must be admitted that despite such a long awareness of RA and numerous attempts
to link the provocation of RA with a specific infectious pathogen (we counted 27 microor-
ganisms and viruses most often mentioned as etiological factors [3], the hypothesis about
the infectious origin of the disease remains largely speculative. About half of the publica-
tions regarding this issue published in 2023 were reviews (Supplementary Figure S1). There
is still a long way to go before applying the accumulated information to clinical practice.
Meanwhile, given the intensive research into the triggering role of environmental factors in
the development of RA, it is necessary to develop clear ideas about the interplay of specific
trivial infections and RA, and the nature of their link.

We were inspired to analyze trivial infections in individuals at the preclinical and
clinical RA stages and those with no family history of RA (controls) from our database,
which contains clinical and laboratory information on these persons observed over time
since 1997. Our goal was to compare the structure of the infectious syndrome and some
clinical parameters of infections in the year before RA onset with those in the controls and
to analyze the link of infections with RA indices. In this way, we might identify infections
that have prognostic value in RA.

2. Material and Methods
2.1. Tatarstan’s Cohort

The cohorts were formed from persons in the Tatarstan database, which was created
in 1997 at the Kazan State Medical Academy and is constantly updated. To date, the
database contains information about more than 1600 individuals at preclinical (first-degree
relatives of patients) RA stages, early and advanced stages of the disease, as well as healthy
individuals with no family history of RA (control). With rare exceptions, the persons
are Caucasians. A total of 195 early and untreated RA patients (eRAall) were included
and fulfilled the disease ACR/EULAR 2010 eRA diagnostic criteria within less than one
year from disease diagnosis [9]. In the cases included in the cohort before 2010, eRA was
diagnosed by consensus by three rheumatologists, and RA was confirmed during follow-up
using the ACR 1987 criteria for RA [10]. Based on heredity and familial information, 91 eRA
patients were categorized as familial (fam) eRA when RA was reported in the 1st- and/or
2nd-degree relatives, 71 were categorized as sporadic (spo) eRA when an RA family history
was excluded, and, in 33 cases, heredity information was incomplete as the patients grew
up in broken families or were orphans. Information regarding the anti-CCP Ab status was
available for 108 eRA patients at inclusion and/or during their follow-up. Among them,
anti-CCP Ab was either negative (n = 4), at a low level (n = 37, 1-3 cut-off level), or at a high
level (n = 67, >3 x cut-off level). Controls were healthy volunteers without autoimmune
and immunoinflammatory diseases in their family history, n = 398. The exclusion criteria in
the cohort for eRA and healthy controls were the risk factors for infection, allergic disease
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with IgE detection, positivity for human immunodeficiency virus (HIV) in the history,
active tuberculosis (TB), HCV, or HBV carrier status [11].

In the presented cohorts of RA patients and controls, women of close age predominated
(Table 1). There was no reliable difference in laboratory and complex activity indices in the
RA subgroups when analyzed using the Mann-Whitney and Chi2 tests (Table 1).

Table 1. Characteristic of the cohorts *.

eRA
Controls All Fam Spo ) a%il;; 3 *aCCP Neg/Low
Age, years, median, IQR 48 (33) 50.5 (50.5) 49 (49) 51 (51) 52 (20) 49 (20)
Gender: female/male (female %) 382/16 (96) 192/3 (98.5) 89/2(97.8) 70/1 (98.6) 65/2 (97.0) 41/0 (100)
Fam/Spor (%) 91/71 (56.2) 43/24 (64.2) 23/18 (56.1)
P g moderater o % 52 (45) 47 49) S5 g niola 4serese)as
HAQ, score, median (IQR) 1.38 (33) 1.16 (25) 1.88 (38) 1.2 (100) 1.88 (74)
ESR, mm/hour median (IQR) 34 (23) 32 (28) 33 (22) 34 (24) 30 (25)
CRP, mg/mL median (IQR) 8.57 (20) 10.0 (24) 7.0 (14.5) 12.0 (25) 7.0 (10.5)
RF median (IQR) 56.8 (76.5) 41.6 (55.5) 60.0 (65) 64.0 (24) 32.0 (57)
RF pos/neg (%) 109/29 (79%) 51/20 (71.8) 39/22 (63.9) 53/14 (79.1) 28/13 (68.3)
aCCP median (IQR) 116.1 (238.5) 139.1 (401) 113.0 (397.5) 506.0 (645)
aCCP pos/neg (%) 123/27 (82.0)  79/3(96.3) 58/5 (92.1)

In 27 cases, heredity information was incomplete. * aCCP neg/low—1-3 cut-off level, aCCP > 3 ULN—2>3x cut-off
level. # There was no reliable difference in demographic parameters in all the cohorts and in the laboratory and
complex activity indices in RA subgroups when analyzed using the Mann-Whitney and Chi2 tests.

The study was approved by the Ethical Committee of the Kazan State Medical
Academy, Kazan, Russia (Permit nr 15/1/2002). The written consent to conduct stud-
ies and to allow publication of the results was received from all the individuals involved in
the study according to the legal requirements in Russia.

2.2. Infection Spectrum

The information regarding infectious criteria is presented in Table 2 and data were
collected as previously described [12].

It is necessary to specify the following:

(1) The clinical and laboratory examination of the eRA patients and healthy controls
was performed strictly in the absence of any sign of infection.

(2) The information on infections during the year preceding the onset of the disease in
the eRA cohort was analyzed in therapy-naive patients to avoid therapy effects.

Table 2. Criteria used in the questionnaire to establish infections.

Infection

Questionnaire Clinical
— . . Confirmation
Criteria of the Diagnosis -
Yes/No Number Ep 1so.d € Yes/No
Duration

No infections during last year

Declared by the individual, no clinical
manifestation of any infection within the Yes - - -
last year.
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Table 2. Cont.

Infection

Criteria of the Diagnosis

Acute upper respiratory tract

infection symptoms (URI) of

multiple and unspecified site
(ICD10 *: X J06)

URI symptoms: catarrhal phenomena; not
accompanied by itchy skin rashes in the
form of urticaria, angioedema; gradually

developing with a prodromal period in the
form of increasing symptoms of malaise

(intoxication-like feelings, low-grade fever,

headache, myalgia, arthralgia); lasting
3-14 days (in cases not complicated by
secondary bacterial infections); developed
as a result of contact with an infected
persons, as well as after general and local
cooling, overheating, or emotional /mental
and physical stress (but not after known
contact with the individual allergens or
potential allergens or while receiving
either of the drug); treatment carried out
with antiviral and, optionally, antipyretic
drugs (but not antihistamines).

Herpes simplex type I/1I virus
(HSV) infection exacerbations
(B0O, A60)

HSV infection was evaluated by
questioning about typical clinical
manifestations (blisters mainly on the lip
and nose mucosa after hypothermia
events, lack of sleep, mental stress, the
effect of local antiviral therapy).

In solitary cases of herpetic stomatitis or
keratitis, or atypical dermal or mucosal
localization of the blisters, the diagnosis
was verified by the ear, nose, and throat
(ENT) doctor, dentist, dermatologist, or
oculist based on the clinical, laboratory
(serology), and instrumental examination.
In case of genital infections, the frequency
and duration of HSV exacerbation events
was assessed by a gynecologist.

Herpes zoster (B02)

In all cases, the diagnosis was made by a
general practitioner based on the clinical,
laboratory (serology), and instrumental
examination, and further confirmed by a
specialist in infectious diseases.

Tonsillitis /sinusitis /bronchitis /
otitis (acute and exacerbations
of the chronic) (H60-H95,
J00-J05, J42, J20)

The diagnosis was made by a general
practitioner who treated the patient in
uncomplicated cases. With a more
severe/protracted episode, and in all cases
of exacerbation of the chronic infectious
focus, the diagnosis was verified by an
ENT doctor.

The use of antihistaminic drugs was an
exclusion criterion.

Pneumonia ever in life (before
RA onset) (J18)

In all cases, the diagnosis was made by a
general practitioner and confirmed in the
therapeutic department of a regional
hospital for treatment.

Upper and lower urinary tract
infections (acute and
exacerbations of the chronic
one) (N30, N34.0-34.2,
N10, N11)

In all cases, the diagnosis was made by a
general practitioner and was confirmed by
the urologist who has examined and
treated the patient.

Oral and odontical
infections (K05)

Stomatitis; periodontitis was assessed by
a dentist.

4 0f 28
Questionnaire Clinical
Confirmation
Yes/No Number Eplso.d € Yes/No
Duration
Yes Yes Yes No
Yes Yes Yes Yes except blister
Yes - - Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
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Questionnaire Clinical
Confirmation
Infection Criteria of the Diagnosis -
Yes/No Number Eplso.d ¢ Yes/No
Duration
Pyoderma, streptoderma, erysipelas, or
Skin and soft tissue carbuncle/furuncle was assessed by a Yes Yes Yes Yes
infections (LO0-L99) dermatologist or a surgeon (in case of
surgical opening of carbuncle/furuncle).
TB infection in anamnesis verified by TB
Tuberculosis in specialist based on the clinical, laboratory Yes ) } Yes

anamnesis (A15-A19)

(serology, Quantiferon assay), and
instrumental examination.

Chlamydia, mycoplasma,
ureaplasma infection at
pregnancy (A60, A63.8, A49.3)

As a laboratory diagnosis of chlamydia,
mycoplasma, ureaplasma infection is
mandatory for all pregnant women and
when planning pregnancy, we also
considered asymptomatic carriage of these Yes - - Yes
infections in the laboratory test data.
Infectious episodes were assessed by
appropriate specialists (gynecologists,
ENT doctors, pulmonologists).

Start

* Disease codes according to the International Classification of Diseases (ICD10).

2.3. Statistical Tests

For statistical analysis, the software Statistica v11 (TIBCO Software) was used.

Chi-square without Yates’ correction, one-tailed, and odds ratio tests were used to test
infection incidence and infection clusters.

The Kruscal-Wallis Median Test was used to explore the impact of the infections in
the patient’s history on the number and duration of annual infections and the interplay of
infections. Results are presented as median and interquartile range (IQR).

The interplay of annual infection numbers, infection clusters, and RA indices was
analyzed using Spearman’s correlation.

To control the experiment-wise error, post hoc false discovery rates and family-wise
error estimations were performed. The statistical analysis algorithm is presented in the
flow chart (Figure 1).

1

Iterate through the pairs of
cohorts (gohart vs cohort)

lterate through the
cohorts

Iterate through the
combinations of infection
(including individual
infections)

Iterate through the
individual infection parameters.

Iterate through the
RA indices

Chi2 i
Kruscal-Wallis
without Yates median test

correction

Iterate through the
individual infection parameters

}

negative negative
g g Spearman Rank

Order Correlations

positive

Table 1
Table 2

negative

positive

Figure 1. Flow chart analysis.
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A

B

Pneumonia (life)
Herpes zoster:
Tuberculosis
CMU carriage

All infections (<1 year)
V-URI (<1 year)
B-URI

HSV exacerbation
Otitis acute

Otitis chronic:
Tonsilitis acute:
Tonsilitis chronic
Sinusititis acute:
Sinusititis chronic
Bronchitis acute
Bronchitis chronic:
Pneumonia (<1 year)
uTl

Oral infection

Skin infection

HSV+Bron. Chronic:

Power analysis of the chi-square test and Spearman rank order correlations results
was performed using Cramer’s V effect size of independence [13,14].

Power analysis of the Kruscall-Wallis test in the aggregates of cohorts was also per-
formed [15].

Both methods work in cases when no reliable difference was found (p > 0.05 after
post hoc analysis) or the difference was presumable (p < 0.01 after post hoc analysis). The
weak power of the obtained results 1-f < 0.5 indicates the possible detection of convincing
differences in the compared parameters provided that the sample sizes are increased, which
is important for these studies due to the low frequency of some infections.

For example, 1- = 0.6, 1-0.6 = 0.4-40% probability that by increasing a cohort size the
reliable difference will be obtained.

3. Results
3.1. Infectious History in Patient’s History in Early RA Patients

In order to explore whether the infectious history differs between the eRA patients
and controls, 195 eRA patients and 398 healthy controls were selected. As reported in
Table 1 and summarized on the left of Figure 2A, the eRA cohort was characterized, if
occurring ever in life, by an increased incidence of pneumonia (p = 0.002) and tuberculosis
(p = 0.0001), while, when using a post hoc test at p = 0.01, no differences were retrieved
when considering Herpes zoster and, in women, Chlamydia, Mycoplasma, and Ureoplasma
species carriage (Table 3, Figure 2).

All eRA (incidence) Familial eRA (incidence) aCCP high eRA (incidence)

B Fam vs cont
Hl Spo vs cont
Hl Fam vs spo

mm aCCP high vs cont
mm aCCP low/neg vs cont
Hm aCCP high vs low/neg

01 2 3 45
-Log (p value)

01 2 3 45 01 2 3 4 5
-Log (p value) -Log (p value)

Figure 2. Infectious incidence in the anamnesis and in the previous year at RA onset when comparing
eRA patients with healthy controls (left), familial from sporadic eRA patients (middle), and eRA with
an elevated immunization status against CCP (left). (A) Infections in the anamnesis of eRA patients.
(B) Infections reported in the previous year of eRA. (C) The interplay between herpes reactivation
and oral tract infections. Data are presented as log10 (p-value) with a significant threshold fixed at
p < 0.01 corresponding to the false discovery rate post hoc. Abbreviations: eRA: early rheumatoid
arthritis; Cont: healthy controls; aCCP: anti-citrullinated peptide antibodies; Fam: eRA with familial
cases of RA; Spo: sporadic eRA without familial cases reported; CMU: women Chlamydia, Mycoplasma,
and Ureoplasma species carriage; V-URI: viral-suspected upper respiratory infections; B-URI: bacterial-
suspected upper respiratory infections treated with antibiotics; HSV: herpes simplex; UTI: urinary
tract infections.
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Table 3. Incidence of infections in the anamnesis of eRA patients as compared to healthy controls, * n

(yes/no, %), Chi2 without Yates’ correction, one-tailed " p-value.

Infections Controls eRAall eRAfam eRAspo &;Ji(lj\IC:Ri:’ ne;tlli:)(‘:NCePR A
Ever in life
13/58 (18.3) 12/30 (28.6) 9/46 (16.4) 9/18 (33.3)
54/336 (13.8) 31/94 (27.8) eRAfam vs. spop =0.1 aCCP high vs. neg/low p = 0.04
Pneumonia * 1.8 = 0.2 (80%) 1-B = 0.3 (70%)
0.002 0.2 0.006 0.3 0.003

vs. Controls p = 1-B = 0.7 (30%)

1-8 = 0.1 (90%)  1-B = 0.6 (40%)

1-B = 0.06 (94%)  1-B = 0.7 (30%)

1/78 (1.3) 1/55 (1.8)

1/58 (1.7) 1/33 (2.9)

5/391 (1.3) 5/163 (3.0) eRAfam vs. spop = 0.4 aCCP high vs. neg/low p=0.3
Herpes zoster 1-B = 0.04 (96%) 1-B = 0.06 (94%)
vs. Controls p = 0.08 0.5 0.4 0.4 0.2
: P=  18-02(80%) 1-B=0.03(97%) 1-B=0.04(96%) 1-B=0.04(96%) 1-B =0.1(90%)
12/45 (21.1) 3/31 (8.8) 7/35 (16.7) 3/18 (14.3)

1/354 (0.28) 15/80 (15.8) eRAfam vs. spo p = 0.06 aCCP high vs. neg/low p = 0.4
Tuberculosis 1-B = 0.2 (80%) 1-B = 0.04 (96%)
vs. Controls p = 0.0001 0.0001 0.0001 0.0001 0.0001
: P=  1-8=09(1%) 1-8=09(1%) 1-B=09(1%) 1-=09(1%)  1-B=0.9 (1%)
f 11/23 (32.3) 8/15 (34.7) 12/22 (35.3) 2/12 (14.3)
Carri
Chl;l;;;?i((i;; X/Iy— 14/65 (17.7) 19/38 (33.3) eRAfam vs. spop = 0.4 aCCP high vs. neg/low p = 0.07
coplasma, and 1-B = 0.04 (96%) 1-B = 0.2 (80%)
Ureoplasma sp. 0.02 0.04 0.04 0.02 p=04

vs. Controls p =

1-B =04 (9%6%) 1-B=03(70%) 1-B=03(70%) 1-B =04 (60%) 1-B = 0.04 (96%)

* represented n of infection positive cases/n of infection negative cases (% of positive cases in a cohort).
" p < 0.01—reliable difference (red); p > 0.05—possible difference (hypothesis is notable and needs more study,
blue). & aCCP neg/low—1-3 cut-off level, aCCP >3 ULN—2>3x cut-off level. ** 1-3—power of independence
criteria (Cramer’s V effect size). In parentheses—the probability (%) that as the sizes of compared cohorts increase,
a reliable difference in the indicators will appear or increase.

To go further, the importance of the familial background and the anti-CCP Ab status
were considered within the eRA population (Figure 2A middle and right). As compared
to the healthy controls, all subgroups were at risk of tuberculosis (p < 0.0001), and higher
pneumonia reports were retrieved in the eRA sporadic and the eRA anti-CCP neg/low
subgroups (p = 0.006 and p = 0.003, respectively). Importantly, no reliable differences were
observed for these parameters when eRA familial and sporadic patients were compared,
nor when eRA anti-CCP high were compared to anti-CCP neg/low subgroups.

We conclude from such an analysis that a history in anamnesis of tuberculosis or pneu-
monia represents a susceptibility for RA development and that such effect is independent
from both the RA familial/sporadic status and an elevated immunization against CCP at
RA onset.

3.2. Infectious Incidence, Spectrum, and Associations in the Previous Year

Next (Table 4, Figure 2B left), infections reported in the year preceding the date of
examination by the 195 eRA patients and the 398 healthy controls were explored revealing
a global increase in the report of total infections from the eRA cohort (94.4% versus 84.7;
p =0.0003). When regarding in detail the infectious criteria with a threshold fixed at p = 0.01
after a post hoc test, differences concerned 9 out of 16 infectious criteria evaluated including
bacterial-suspected URI treated with antibiotics (p = 0.006), herpes simplex type I/1I (HSV)
exacerbations (p = 0.001), acute and chronic otitis (p = 0.002 and 0.0001, respectively),
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chronic tonsillitis (p = 0.0001), chronic sinusitis (p = 0.01), chronic bronchitis (p = 0.0001),

oral infection (p = 0.004), and skin/soft tissue infection (p = 0.0001).

Table 4. Incidence of infections reported in the previous year of eRA patients as compared to healthy

controls, number (yes/no, %), Chi-square without Yates’ correction, one-tailed . p-value.

& aCCP > 3 ULN

& aCCP Neg/Low

Infections Controls eRAall eRAfam eRAspo eRA eRA
Allinfections 89/2 (97.8) 66/5 (93.0) 63/4 (94.0) 39/2 (95.1)
(there were 337/61 (84.7) 184/11 (94.4) p=0.1 p=04
infections/year or *1-=0.2 1-3 =0.04
" “t‘;t gr/\e a) e, Controls p = 0.0003 0.0004 0.02 0.02 0.03
Intection/ye : p= 1-B = 0.9 (10%) 1-B = 0.8 (20%) 1-B = 0.4 (60%) 1-B = 0.4 (60%) 1-B = 0.3 (70%)
57/34 (62.6) 39/32 (54.9) 42/25 (62.6) 27/14 (65.9)
229/169 (57.5) 106/89 (54,4) p=02 p=04
V-URI 1-6 = 0.1 (90%) 1-B = 0.04 (96%)
vs. Controls p = 0.2 0.2 0.1 0.2 0.2
: = 1-8=01(90%) 1-B = 0.1 (90%) 1-B = 0.2 (80%) 1-B = 0.1 (90%) 1-B = 0.1 (90%)
41/50 (54.9) 28/43 (39.4) 33/34 (49.3) 17/24 (41.5)
. 106/292 (26.6) 76/119 (39.0) 0.2 p=02
HSV1/2 infec- _ o e o
tion exacerbation 1-p = 0.1 90%) 1-B = 0.1 90%)
vs. Controls p = 0.001 0.0003 0.01 0.0001 0.02
: P= 18=08020%) 1-8 = 0.9 (10%) 1-B = 0.5 (50%) 1-B = 0.9 (10%) 1-B = 0.4 (60%)
13/78 (14.3) 21/50 (29.5) 14/53 (20.9) 8/33 (19.5)
URI 52/346 (13.1) 41/154 (21.0) p = 0.009 p=04
with amtibiofics 1-B = 0.5 (50%) 1-B = 0.04 (96%)
vs. Controls p = 0.006 0.3 0.0002 0.04 0.1
: P= 18=06(40%)  1-B=006(94%)  1-B = 0.9 (10%) 1-6 = 0.3 (70%) 1-B = 0.2 (80%)
4/87 (4.4) 3/68 (4.2) 2/65 (3.0) 5/36 (12.2)
3/395 (0.75) 8/187 (4.1) p=05 p=0.03
Acute otitis 1-B = 0.03 (97%) 1-B = 03 (70%)
vs. Controls p = 0.002 0.004 0.008 0.05 0.0001
: P= 1.3 =07(30%) 1-B = 0.6 (40%) 1-B = 0.5 (50%) 1-B = 0.3 (70%) 1-B = 0.9 (10%)
4/87 (4.4) 0/71(0) 1/66 (1.5) 0/41 (0.0)
_ 0/398 (0) 5/190 (2.6) p =0.03 p=02
Chronic o r o
otitis exacerbation 1-B =03 (97%) 1-p = 0.1 (90%)
vs. Controls p = 0.0007 0.0001 Z 0.007 Z
: P= 18208 (20%) 1-=09(10%)  1-=001(99%)  1-=05(50%)  1-B =0.01 (99%)
15/76 (16.5) 13/58 (18.3) 7/60 (10.4) 8/33 (19.5)
46/352 (11.6) 34/161 (17.4) p=04 p=0.09
Acute tonsillitis 1-B = 0.04 (96%) 1-3 = 0.2 (80%)
vs. Controls p = 0.02 0.05 0.06 04 0.07
' P= 18204 (60%) 1-B = 0.3 (70%) 1-=02(80%)  1-B=004(96%)  1-B =0.2 (80%)
19/72 (20.9) 11/60 (15.5) 11/56 (16.4) 5/36 (12.1)
Chronic tonsilli. 17/381 (4.3) 34/161 (17.4) p=01 =03
tis exacerbation 1-B = 0.2 (80%) 1-B = 0.06 (94%)
vs. Controls p = 0.0001 0.0001 0.0001 0.0001 0.01
: P=  18=09(10%) 1-B = 0.9 (10%) 1-B = 0.9 (10%) 1-B = 0.9 (10%) 1-B = 0.5 (50%)
5/86 (5.5) 1/70 (1.4) 2/65 (3.0) 2/39 (4.9)
10/388 (2.6) 8/187 (4.1) p=0.09 p=03
Acute sinusitis 1-3 = 0.2 (80%) 1-B = 0.06 (94%)
0.1 0.07 0.3 0.4 0.2

vs. Controls p =

1-B = 0.2 (80%)

1-B = 0.2 (80%) 1-B = 0.6 (40%)

1-$=0.04 (96%)  1-B =0.1(90%)
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Table 4. Cont.
& &
Infections Controls eRAall eRAfam eRAspo aCCP >3 ULN aCCP Neg/Low
eRA eRA
7/84(7.7) 2/69 (2.8) 4/63 (6.0) 0/41 (0.0)
Chroriic sinusitis 7/391 (1.7) 10/185 (5.1) p=009 p=006
exacerbation 1-B = 0.2 (80%) 1-B = 0.2 (80%)
vs. Controls p = 0.01 0.001 0.2 0.02 0.2
' b= 1-B = 0.5 (50%) 1-B = 0.8 (20%) 1-B = 0.1 (90%) 1-B = 0.4 (60%) 1-B = 0.1 (90%)
5/86 (5.5) 5/66 (7.0) 1/66 (1.5) 2/39 (4.9)
16/382 (4.0) 13/182 (6.7) p=03 p=0.1
Acute bronchitis 1-B = 0.06 (96%) 1-3 = 0.2 (80%)
vs. Controls p = 0.08 0.3 0.1 0.2 0.4
' b= 1-B = 0.2 (80%) 1-B = 0.06 (96%) 1-B = 0.2 (80%) 1-B = 0.2 (80%) 1-B = 0.4 (60%)
6/85 (6.6) 7/64 (9.9) 3/64 (4.5) 3/38 (7.3)
Chronic 8/390 (2.0) 17/178 (8.7) p=02 p=03
bronchitis 1-$ = 0.1 (90%) 1-B = 0.06 (94%)
exacerbation 0.0001 0.009 0.0003 0.1 0.02
vs. Controls p = o o o o o
1-p = 0.9 (10%) 1-B = 0.5 (50%) 1-B = 0.9 (10%) 1-B = 0.2 (80%) 1-B = 0.4 (60%)
1/90 (1.1) 7/64(9.9) 4/63 (6.0) 3/38(7.3)
Uri 8/390 (2.0) 10/185 (5.1) p =0.005 p=04
rinary A % B=0. %
tract infection 1-B = 0.6 (40%) 1-B = 0.04 (96%)
vs. Controls p = 0.02 03 0.0003 0.03 0.02
: p= 1-B = 0.4 (60%) 1-B = 0.06 (94%) 1-B = 0.9 (10%) 1-B = 0.3 (70%) 1- = 0.4 (60%)
2/89(2.2) 3/68 (4.2) 1/66 (1.5) 2/39 (4.9)
1/397 (0.25) 5/190 (1.9) p=02 p=0.1
Oral infection 1-B = 0.1 (90%) 1-B = 0.2 (80%)
vs. Controls p = 0.004 0.02 0.0004 0.08 0.0003
: P= 1-B = 0.6 (40%) 1-B = 0.4 (60%) 1-=08(20%)  1-B=001(99%)  1-B =0.9 (10%)
11/80(12.1) 5/66 (7.0) 12/55 (17.9) 0/41 (0.0)
8/390 (2.0) 19/176 (9.7) p=0.1 p =0.002
Skin infection 1-3 = 0.2 (80%) 1-3 = 0.7 (30%)
vs. Controls p = 0.0001 0.0001 0.009 0.0001 p=02
‘ b= 1-B = 0.9 (10%) 1-B = 0.9 (10%) 1-B = 0.5 (50%) 1-B = 0.9 (10%) 1-B = 0.1 (90%)
Association of HSV reactivation and tonsillitis and respiratory infections
23/68 (25.3) 16/55 (22.5) 22/45 (32.8) 11/6 (64.7)
69/329 (17.3) 44/150 (22.7) p=03 p =0.008
HSV + V-URI 1-B = 0.06 (94%) 1- = 0.5 (50%)
vs. Controls p = 0.06 0.04 0.3 0.003 0.0001
: p= 1-B = 0.2 (80%) 1-B = 0.3 (70%) 1-B = 0.06 (94%) 1-B = 0.5 (50%) 1-B = 0.9 (10%)
8/83(8.8) 5/66 (7.0) 7/60 (10.4) 4/13 (23.5)
15/383 (3.7) 15/179 (7.7) p=03 p=0.08
HSV + B-URI 1-B = 0.06 (94%) 1-B = 0.2 (80%)
antibiotics
vs. Controls p = 0.02 0.02 0.1 0.009 0.0001
: P= 1-B = 0.4 (60%) 1-B = 0.4 (60%) 1-B = 0.2 (80%) 1-B = 0.5 (50%) 1-B = 0.9 (10%)
6/85 (6.6) 7/64(9.9) 3/64 (4.5) 7/10 (41.2)
15/383 (3.7) 15/179 (7.7) p=02 p = 0.0001
HSV + Acute 1-B = 0.1 (90%) 1-B = 0.9 (10%)
tonsillitis
vs. Controls b 0.02 0.1 0.01 0.4 p =0.0001
: b= 1-B = 0.4 (60%) 1-B = 0.2 (80%) 1-B = 0.5 (50%) 1-B = 0.04 (96%) 1-B = 0.9 (10%)
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Table 4. Cont.

&aCCP>3ULN & aCCP Neg/Low

Infections Controls eRAall eRAfam eRAspo oRA eRA
6/85 (6.6) 4/67 (5.6) 0/67 (0.0) 1/16 (5.9)
) 5/393 (1.6) 8/186 (4.4) p=04 p=0.02
HSV + Chronic 1-B = 0.05 (95%) 1- = 0.4 (60%)
tonsillitis
vs. Controls p = 0.01 0.001 0.007 0.2 p=0.06
' b= 1-B = 0.5 (50%) 1-B = 0.8 (20%) 1-B = 0.5 (50%) 1-B = 0.1 (90%) 1-B = 0.2 (80%)
2/89(2.2) 2/69 (2.8) 0/67 (0.0) 2/15(11.8)
) 1/397 (0.25) 4/190 (2.1) p=04 p =0.002
HSV + Chronic 1-B = 0.04 (96%) 1-6 = 0.7 (30%)
bronchitis
0.01 0.02 0.006 0.3 p =0.0001

vs. Controls p =

1-B = 0.5 (50%) 1-B = 0.4 (60%) 1-8=06(40%)  1-B=006(94%)  1-B = 0.9 (10%)

" p < 0.01—reliable difference (red); p > 0.05—possible difference (hypothesis is notable and needs more study,
blue). & aCCP neg/low—1-3 cut-off level, aCCP > 3 ULN—>3x cut-off level. * 1-3—power of independence
criteria (Cramer’s V effect size). In parentheses—the probability (%) that, as the sizes of compared cohorts increase,
a reliable difference in the indicators will appear or increase.

As reported in Figure 2B middle and right, an analysis was completed by exploring
the contribution of a familial RA history and an elevated immunization against CCP to
the number of reports of infection in the year preceding the date of examination. As
compared to controls, more infections were reported both in the familial and in the sporadic
eRA sub-groups (8/16 infectious criteria in both sub-groups), as well as in the anti-CCP
high eRA subgroup (4/16 infectious criteria) and the anti-CCP neg/low eRA subgroup
(3/16 infectious criteria). When comparing familial/sporadic eRA patients, sporadic
eRA patients have reported more bacterial-suspected URI (29.5% versus 14.3%, p = 0.009)
and urinary tract infections (9.9% vs. 1.1%, p = 0.005). Regarding eRA anti-CCP related
subgroups, the anti-CCP high subgroup developed more skin infections (17.9% vs. 0%,
p = 0.002).

As part of the oral tract symptoms may be related to HSV exacerbation/reactivation,
combined respiratory tract infections and HSV exacerbation were analyzed (Figure 2C,
Table 1). Indeed, HSV exacerbation coupled with chronic tonsillitis (p = 0.01) and chronic
bronchitis (p = 0.01) were determined to be increased in eRA patients as compared to
controls. Moreover, eRA patients with HSV exacerbation and anti-CCP at elevated levels
showed protection from virus-suspected URI (p = 0.008), acute tonsillitis (p = 0.0001), and
chronic bronchitis infections (p = 0.002).

Accordingly, we conclude that eRA patients are more prone to report infectious
events in the year preceding eRA onset as compared to control patients, with differences
reported according to the familial /sporadic and anti-CCP status. In addition, analysis of
oral tract infections combined with HSV exacerbation further retrieved that an elevated
immunization against CCP is protective for this association.

Analysis of the interplay of certain infections revealed some remarkable patterns in
the eRAall cohort. TB in a patient’s anamnesis was presumably linked with the more
prolonged episodes of chronic tonsillitis exacerbations in the year preceding RA onset
(Chi-square = 4.27,df =1, p = 0.03).

Pneumonia in a patient’s anamnesis was presumably linked with a larger number
(Chi-square = 3.73, df = 1, p = 0.05) and duration (Chi-square = 3.94, df = 1, p = 0.05) of
chronic bronchitis exacerbations in the year preceding RA onset, which might be due to
sharing of predisposing factors, not necessarily related to the characteristics of the immune
response. In this cohort, the Spearman rank order correlation analysis revealed the follow-
ing presumable links: the annual number of HSV exacerbations was in moderate direct
correlation with the number of episodes (R = 0.5, p = 0.05) of chronic tonsillitis exacerbations
and their duration/year (R = 0.6, p = 0.03); and duration/year of HSV exacerbations was
in moderate direct correlation with the duration/year of chronic tonsillitis exacerbations
(R=0.7,p=0.008).
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3.3. Infectious Number, Duration, Spectrum, and Associations in the Previous Year

Next, to further test whether eRA sensitivity to infections in the year preceding the
date of examination was not only qualitative but also quantitative, which may indicate
an altered immune anti-infectious response, the analysis was repeated considering both
the number of events and the episode duration per event (Table 5, Figure 3A). Indeed,
when considering total individual infections, both parameters were increased in the year
preceding the date of examination in the eRA subgroup as compared to the controls. Such
an effect was related to the reporting of an increased number of events regarding viral-
suspected URI (p < 0.0001). Moreover, episode duration was increased in eRA patients for
bacterial-related URI (p = 0.0001), acute tonsillitis (p = 0.002), and acute bronchitis (p = 0.04).
Of important note, such effects appeared to be independent of the familial /sporadic and
ACPA status of the eRA subgroups.

Table 5. Parameters of annual infections, Kruskal-Wallis median test.

& 2CCP >3 * aCCP
Infection Controls (1) eRAall (2) eRAfam (3) eRAspo (4) low/neg
ULN eRA (5)
eRA (6)
4.5;3.0-10.0 5.0; 3.0-10.0 .
2.0;1.0-4.0 50;30-80  20;30-80091) 71) ©7) 8.8;7-12.3 (41)
Number/year (398) (195) p=02 p=04
median, :
quartile 1-4 (n) VS Corz‘tro sp > 0.000 0.0000 0.0000 0.0000 0.00000
*1-B1g = 1.0 (0%
All infections Brs (0%)
9.0;7.0-11.7 8.7;5.7-13.2 8.8; 6.5-12.0 ,
, 6.2;3.0-7.0 9.2;65-13.3 91 (71) (67) 13.6;3-10 (41)
Episode
; (398) (195)
duration p=09 p=04
median, Control.
quartile 1-4 (n) ' 02 rolsp 0.000 0.0000 0.0000 0.0000 0.00000
1-B1-6 = 1.0 (0%)
2.0/. 1.0-2.0 2.0; 1.0-4.0 3.0; 2.04.0 (53) 2.0,’ 2.0-3.5 (39) 3.0; 1.0-4.0 (42) 3.0,’ 2.0-4.0 (27)
Number/year (229) (106) p=0.1 p=03
median,
quartile 14 () Cor:“mls P 0.0000 0.0000 0.0000 0.001 0.002
1-B1g = 0.6 (40%)
V-URI 7.0;3.07.0 (53) 7.0;45-7.0(39) 7.0;4.0-9.0 (42)  7.0;4.0-9.5 (27
7.0;3.0-7.0 7.0;35-7.0 0;3.0-7.0(38)  7.0;45-7.0(39) 7.0;4.0-9.0(42)  7.0;4.0-9.5(27)
Episode (229) (106) p=09 p=08
duration
median, vs. Controls p 0.6 05 0.7 03 0.07
quartile 1-4 (n) =
1-B1g = 1.0 (0%)
2.0:1.0-3.0 2.0;1.0-4.0 (41)  2.0;1.0-2.2(28) 2.0;1.0-4.0(33)  3.0; 1.0-4.0 (17)
Taoe) 2.0; 1.0-3.0 (76)
Number/year p=02 p=02
median, vs. Controls
quartile 1-4 (n) oSy 05 08 0.2 0.5 0.06
HSV 1/2 1-B16 = 0.5 (50%)
exacerbation 7.0; 4.0-10.0 7.0; 3.5-10.0 7.0; 5.0-10.0 7.0; 7.0-10.0
) 7.0;3.0-7.0 7.0; 4.5-10.0 (41) (20) (33) (17)
Episode (106) (76)
duration p=06 p=03
median,
quartile 14 () Cor:“mls P 0.09 0.1 0.1 0.01 0.01
1-B1g = 1.0 (0%)
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Table 5. Cont.
&
. & 2CCP >3 acce
Infection Controls (1) eRAall (2) eRAfam (3) eRAspo (4) ULN eRA (5) low/neg
eRA (6)
2.0;1.0-4.0 (14)  1.0;1.0-4.0(21)  2.0;1-12 (14) 1.0; 1.0-6.0 (8)
2.0;1.0-2.0(52)  2.0;1.04.0 (41)
Number/year p=0.6 p=03
median, vs. Controls
quartile 14 (n) nHesp 0.5 0.02 03 0.1 0.9
URI with 1-B1-6 = 0.3 (70%)
antibiotics 14.0;7.0-21.0  14.0; 10.0-45.0 14.0; 11.0-30.0
7.0;40-12.0  14.0;10.0-27.0 (14) 1) 10.0; 7-270 (14) ®)
Episode (52) (41)
duration p=038 p=04
median,
quartile 14 (n) Coitmls p 0.0001 0.03 0.004 0.2 0.002
1"31—6 = 1.0 (00/0)
3.0;1.0-4.0 (15)  2.0;1.0-3.0(13)  4.0;2-12(7) 7.0;5.5-12.5 (8)
2.0;1.0-3.0 (46)  2.0;1.0-3.0 (34)
Number/year p=04 p=02
median, vs. Controls p
quartile 14 (n) T 0.05 0.05 0.1 0.02 0.2
Acute 1-B16 = 0.7 (30%)
tonsillitis . .
11.0; 7.0-14.0 7.0; 4.0-10.0
.o ’ ’ 70;55-14 (7)  2.5;1.5-8.5(8)
LA 7.0;7.0-14.0 15 13
Episode 5.5;3.0-7.0 (46) 34) (15) (13)
duration p=03 p=07
median,
quartile 14 ) Corz‘tmls b 0.002 0.0006 0.1 02 07
1-B1g = 1.0 (0%)
6.0; 3.0-12.0 6.0; 4.0-12.0
. 5.0; 1.0-6.0 (19 ’ 7.0; 5,5-14(11 ’
40;30-120 5030 0.0 (34 (19 (11) (1) *5)
17)
Number/year p=02 p=05
median,
quartile 1-4 (n) ~ Vs: Controlsp 0.8 07 02 03 0.7
Chronic 1-B1g = 1.0 (0%)
tonsillitis
bati 10.0; 8.0-14.0 8.5;4.7-14.0 _ 12.0; 8.0-12.0
exacerbation 7.0;7.0-100  10.0;7.0-14.0 (19) 11) 8.0;4.7-14(11) *5)
Episode (17) (34)
duration p=0.6 p=0.6
median,
quartile 14 () Corz‘m’ls P 0.04 0.06 0.7 0.7 0.9
1-B16 = 1.0 (0%)
2.0;1.0-2.0(16) 2.0;1.0-3.0(13) 3.0;2.0-4.0(*5) 2.0;1.0-3.0 (* 5)
Number/year Control
median, V. Lontrols p 0.1 0.03 0.2
quartile 14 (n) -
1- 0.3 (70%
Acute B14 (70%)
bronchitis 12.5; 7.8-14.0 14.0; 17.0;14.0-18.0  14.0;11.0-14.7 n=1 n=2
Episode (16) 14.0-18.0(13) *5) *5)
duration Control
median, vs. L-ontrols p 0.04 0.03 0.2

quartile 1-4 (n)

1-B14

1.0 (0%)




J. Clin. Med. 2024, 13, 2796 13 of 28
Table 5. Cont.
&
. & aCCP >3 accr
Infection Controls (1) eRAall (2) eRAfam (3) eRAspo (4) low/neg
ULN eRA (5)
eRA (6)
2.0;15-3.0(8)  3.0;3.0-4.0 (17) 3.0;2.0-3.0(* 6) 3.5;1.1(7)
Number/year
median, vs. Controls p 02 03 0.02
quartile 1-4 (n) =
Chronic 1-B14 0.4 (60%)
bronchitis
. 30.0; 15.0-45.0  21.0;18.0-30.0  21.0; 18.8-24.0 . _ _
exacerbation Episode ®) 17) * 6) 19.6;5.1 (7) n=3 n=3
duration
median, vs. Controls p 03 03 0.02
quartile 14 (n) =
1-B1y 1.0 (0%)
1.0;1.0-2.0 (8)  1.0; 1.0-6.0 (19) 1.0;1.0-12.0 4.0;4.0-60(*5  1.0;1-12(12)
11)
Number/year
median, vs. Controls p
quartile 14 (n) _ 0.9 0.6 0.002 0.9
1-B1- 0.2 (80%
Skin infection Bis ( ) n=0
14.0; 10.0-20.0 14.0; 10.0; 10.0-14.0 e
Episode 85;7.0-14.08) (19) 12.0-21.0(11) * 5) 13.0;10-54 (12)
duration vs. Controls
median, - LLontrols p 0.3 0.1 0.9 0.4
quartile 1-4 (n) -

1-B1s 1.0 (0%)

" p < 0.01—reliable difference (red); p > 0.05—possible difference (hypothesis is notable and needs more study,
blue). & aCCP neg/low—1-3 cut-off level, aCCP > 3 ULN—>3x cut-off level. # The number of cases highlighted
in red (n) in the cohort is too small (when the incidence of a particular infection is low) to obtain convincing
results of statistical analysis. * 1-f—power of independence criteria in the aggregates of cohorts numbered in the
column titles (Cramer’s V effect size). In parentheses—the probability (%) that as the sizes of the cohorts in an
aggregate increase, a reliable difference in the indicators will appear or increase.

A  AlleRA (events & duration) B Familial vs sporadic eRA C accp high vs aCCP neg/low eRA

=3 days/event

=———=—3 [ days/event m
[ H
: EE eventsnb
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EE eventsnb :
V-URI (<1 year) jam— : mm eventsnb
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Figure 3. Number of infectious events and duration per event in the previous year at RA onset.
(A) Comparison between eRA patients with healthy controls. (B) Comparison between familial and
sporadic eRA patients. (C) Comparison between eRA patients having or not having an elevated
immunization status against CCP at onset. Data are presented as log10 (p-value) with a significant
threshold fixed at p < 0.01 corresponding to the false discovery rate post hoc. Abbreviations: eRA:
early rheumatoid arthritis; aCCP: anti-citrullinated peptide antibodies; Fam: eRA with familial cases
of RA; Spo: sporadic eRA without familial cases reported; V-URI: viral-suspected upper respiratory
infections; B-URI: bacterial-suspected upper respiratory infections treated with antibiotics; HSV:
herpes simplex; UTI: urinary tract infections.
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Power analysis showed that, with increasing sample sizes, spotting significant differ-
ences where they were absent according to the Kruskal-Wallis results is mostly unlikely.

3.4. Interplay of Infections and RA Indices in eRA

Next, the interplay between the previous year’s infections and eRA disease activity
according to the familial /sporadic and anti-CCP status was further explored by using
the Spearman rank order correlation method for quantitative values and Chi-square for
nominal values with a significant p-value fixed at 0.01 (Table 6, Figure 4). The main results
from such an analysis revealed an association between the following: (i) a remarkable
correlation of chronic tonsillitis exacerbation parameters with RA indices in familial eRA,
namely, the annual number of chronic tonsillitis exacerbations with DAS28-ESR (r = —0.8,
p = 0.003) and with DAS28-CRP (r = —0.7, p = 0.007); the annual number of all infectious
episodes and duration of all exacerbations and health assessment questionnaire values
(HAQ; both correlations—r = —0.7, p = 0.009; r = —0.7 p = 0.009); (ii) bacterial-suspected
upper respiratory infection annual duration with the number of tender joints (68 joint
count, r = 0.8, p = 0.004) in sporadic eRA; (iii) the link of HSV exacerbation parameters
with RA indices in eRA patients with a negative/low response against CCP and the lack of
them in the eRA aCCP high group, namely, one infectious episode duration with DAS-ESR
(r=0.7,p=0.1) and with a raised CRP serum level (r = 0.81, p = 0.0008); the CRP level also
correlated with the annual HSV exacerbation numbers (R = 0.77, p = 0.002) and all episodes’
durations (r = 0.8, p = 0.0008); and (iv) in the anamnesis.

Table 6. Interconnection of annual infections and RA indices (Spearman rank order correlations).

Cohort Indices N R t(N-2)  p-Level *1-B
All annual infection

Annual duration of all epis.O(.ies and number of swollen joints 48 031 204 0.03 0.4 (40%)

eRAfam (68 joint count)
Annual duration of a(llljtjfészgc}(es Iincc(l) Lr:rllltr)nber of swollen joints 49 047 367 00007 09 (10%)

Chronic tonsillitis exacerbation

Annual number of episodes and DAS28-ESR 13 —0.75 —3.8 0.003 0.8 (20%)
Annual number of episodes and DAS28-CRP 12 —0.73 —34 0.007 0.7 (30%)
Annual number of episodes and VAS 14 —0.55 —-23 0.04 0.4 (60%)
Annual number of episodes and HAQ 13 —0.69 —-3.1 0.009 0.7 (30%)
eRAfam Annual duration of all episodes and DAS28-CRP 12 —058 —23 0.05 0.4 (60%)
Annual duration of all episodes and VAS 14 —0.69 —-33 0.006 0.7 (30%)
Annual duration of all episodes and HAQ 13 —0.69 —-3.2 0.009 0.7 (30%)
Annual duration of all epitqo.des and number of tender joints 1 _0.63 26 0.03 0.5 (50%)

(68 joint count)
Annual duration of all epi§qdes and number of tender joints 12 069 _30 0.01 0.6 (40%)

& eRA (68 joint count)
aCCP high Annual duration of all episodes and VAS 14 —0.68 —3.2 0.007 0.7 (30%)
Annual duration of all episodes and HAQ 13 —0.57 —-23 0.04 0.4 (60%)

HSYV exacerbations

One episode duration and DAS28-ESR 14 0.65 29 0.01 0.6 (40%)
ié?? Annual duration of all episodes and CRP 13 0.83 49 0.0004 0.9 (10%)
low/neg Annual number of episodes and CRP 13 0.77 3.9 0.002 0.8 (20%

)
One episode duration and CRP 13 0.81 45 0.0008 0.9 (10%)
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Table 6. Cont.
Cohort Indices N R t(N-2)  p-Level *1-B
V-URI
eRAspo One episode duration and ESR 34 0.35 21 0.04 0.4 (60%)
URIab
eRAspo Annual duration of all episodes and number of tender joints 1 077 _33 0.004 0.8 (20%)

(68 joint count)

& aCCP neg/low—1-3 cut-off level, aCCP > 3 ULN—>3x cut-off level. * 1-B—power of independence criteria
(Cramer’s V effect size). In parentheses—the probability (%) that as the sizes of compared cohorts increase, a
reliable difference in the indicators will appear or increase.
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Figure 4. Heat map of Spearman correlation between infectious events and clinical features of RA
in four subgroups at early (e)RA. (A) Familial eRA; (B) sporadic eRA; (C) eRA patients having an
elevated immunization status against CCP; D: eRA patients with a negative or low immunization
against CCP. p-values are indicated and considered significant when p < 0.01.

It turned out to be unexpected for us that infections in the patient’s history before RA
onset appeared to impact RA indices (Figure 4). The Kruscal-Wallis median test revealed
that in the eRAfam subgroup TB infection in earlier life was associated with a lower number
of swollen joints (68 joint count, Chi-square = 3.93, df = 1, p = 0.05) and lower serum RF
levels (Chi-square = 4.73, df = 1, p = 0.03). A similar trace was left by pneumonia in the
patient’s history—eRAfam patients with this infection in the past demonstrated a lower
ESR (Chi-square = 3.81, df =1, p = 0.05).

In the eRAaCCP high subgroup the number of swollen joints (68 joint count, Chi-
square = 5.34, df = 1, p = 0.02), the HAQ value (Chi-square = 9.33, df = 1, p = 0.002), and the
ESR (Chi-square = 4.21, df = 1, p = 0.04) were lower if the patient had they had TB in their
history (Figure 5).
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Figure 5. The link of RA indices and infections in eRAfam and eRAaCCP subgroups (Kruscal-Wallis
median test). (a) eRAfam subgroup: the number of swollen joints (68 joint count) was lower in patients
with TB in their history when compared with those without this infection (Chi-square = 3.93, df =1,
p = 0.05). (b) eRAfam subgroup: the serum RF level was lower in patients with TB in their history
when compared with those without this infection (Chi-square = 4.73, df =1, p = 0.03). (c) eRAfam
subgroup: the ESR was lower in patients with pneumonia in their history when compared with those
without this infection (Chi-square = 3.81, df = 1, p = 0.05). (d) eRAaCCP subgroup: the number of
swollen joints (68 joint count) was lower in patients with TB in their history when compared with
those without this infection (Chi-square = 5.34, df =1, p = 0.02). (e) eRAaCCP subgroup: the HAQ
value was lower in patients with TB in their history when compared with those without this infection
(Chi-square = 9.33, df = 1, p = 0.002). (f) eRAaCCP subgroup: the ESR was lower in patients with TB
in their history when compared with those without this infection (Chi-square = 4.21, df =1, p = 0.04).

It should be noted that, for the power analysis, the Spearman rank order correlations
results using Cramer’s V effect size of independence, in the cases with a moderately
significant correlation (p = >0.01 <0.05), it makes sense to increase sample sizes with a 60%
chance of obtaining convincing p-values (Table 6).
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The power analysis in the eRAall cohort also demonstrated impressive chances (with a
60-90% probability), with increasing sample sizes, of identifying a convincing relationship
between RA indices and the parameters of acute otitis, skin, and soft tissue infections,
exacerbations of chronic otitis, chronic bronchitis, HSV, V-URI, and URIab, as well as
the burden of all annual infections (Supplementary Table S1). Moreover, if, considering
the relatively large sample sizes of patients with all annual infections burden, V-URI,
and URIab, a weak impact of these infections on RA indices can probably be assumed,
then, in the case of acute and chronic otitis, chronic bronchitis, HSV, skin, and soft tissue
infections, the lack of a significant Spearman correlation with RA indices is definitely due
to insufficient sample sizes.

4. Discussion

The association of RA with infections has been studied since the end of the XIXth
century but from that time it has not been possible to build a clear idea about this link. Our
results, conducted in a large cohort of women who developed RA and were analyzed at
the early stage of the disease and before disease-modifying antirheumatic drug (DMARD)
introduction, confirmed that RA patients have a higher incidence of infections when regard-
ing infections in their anamnesis and at the time of RA onset, with later infections being
affected by different factors, such as familial /sporadic history, an elevated immunization
against CCP, and a concomitant HSV exacerbation. Associations between infections and
RA factors were further reported.

Accordingly, and to better understand the infectious spectrum at the early RA stage
(<1 year from onset), we took advantage of the women in Tatarstan’s cohort in order to
study the infectious history in the anamnesis as well as infectious events reported in the
year preceding eRA onset. The flow chart analysis reported in Figure 1 comprised the cohort
description that included healthy controls (n = 398) and eRA patients (n = 195) subdivided
into sub-analyses according to their familial /sporadic status and anti-CCP status. Infection
incidences from the patient’s history and individual reports (incidence/number/duration)
in the previous year were evaluated next. Finally, we looked for associations within the
infectious spectrum and RA indices. Results from this work revealed a complex interplay
in the women in the Tatarstan cohort between RA and infections that is, in part, under the
control of familial status and the presence of elevated levels of anti-CCP antibodies.

An unexpected finding from this study is the impact of having TB in a patient’s history
before RA onset on their subsequent annual chronic tonsillitis exacerbations. First of all,
the incidence of TB ever in life was found to be remarkably high in all the RA subgroups.
Second, TB impacts chronic tonsillitis exacerbations at RA onset, supporting a significant
role of TB in RA development. Such an assertion is further supported by the infection cycle
of TB, which first enters the pharyngeal lymphoid ring and only then descends into the
thorax lymph nodes. Another curious pattern was related to the interplay of pneumonia
in the patient’s history before RA onset and chronic bronchitis exacerbation number and
duration per year which, to some extent, might be due to some shared immunological and
non-immunological mechanisms predisposing to both diseases.

Individual and host genetic factors may be important at RA-onset and such an asser-
tion is supported by our report that eRA patients with a familial history of RA were linked
with viral infections (seasonal V-URI, HSV exacerbations, and chronic tonsillitis), while
sporadic cases were linked with respiratory tract infections mainly of bacterial etiology,
including pneumonia in a patient’s history, URIab, and chronic bronchitis exacerbations.
For that, the human leukocyte antigen (HLA) class I and II variants may be incriminated,
as recently demonstrated with asymptomatic COVID-19 [16]. To our knowledge, such an
analysis has not been conducted in RA between trivial infections, HLA phenotype, and
clinical presentation. Future experiments may help to answer this question.

It turned out that annual HSV infection exacerbations increased the incidence and
duration of chronic tonsillitis exacerbations. Here, it is appropriate to be reminded of
the following. First, about 50% of newborns are infected with the virus while passing
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through the birth channel [17], so their immune system maturation, including lymphocyte
clone selection, takes place in the presence of the virus. Second, HSV DNA is a common
finding in biopsy specimens of tonsils in chronic tonsillitis and alone, and, in HSV-microbial
associations, causes its exacerbations [18,19]. Additionally, last but not least, tonsils belong
to the MALT system, and it is generally accepted that RA at the preclinic stages starts in the
mucosa with MALT involvement [1].

The analysis of the dynamics of infections and some immunological parameters
in small groups of patients at the early and late stages of RA, as well as relatives of
these patients, some of whom developed the disease during observation, presented in
our earlier publication, allowed us to formulate the following working hypothesis [4].
Individuals at risk of RA are characterized by a variety of genetically and epigenetically
determined defects in immune system factors, some innate receptors and soluble molecules,
innate natural killers, and specific anti-herpesviridae cytotoxic CD8 T-lymphocytes, due
to inadequate infection susceptibility and immune surveillance, as an example [3]. With
that, the functions of some other anti-infectious factors (proinflammatory cytokines, for
example, lying on the surface) are redundant. The impossibility of a harmonious, balanced
anti-infective response to pathogens according to the principle of reasonable sufficiency
leads to frequent and prolonged infections on the one hand and, on the other, to excessive
activation of over-functioning factors of the immune system. Due to these over-functioning
pro-inflammatory components of the immune system, some people cope with infections,
but it is they who develop RA. The more effectively these factors work, the greater the
clinical symptoms of RA. This largely speculative scenario for the development of events
allows us to, to some extent, explain the paradoxical inverse dependence of RA indices on
the frequency and duration of certain infections. Of course, this is just a hypothesis.

Our analysis of the infectious syndrome revealed a possible connection between
the disease and the following infections in the Tatarstan cohort of patients with eRA:
annual episodes of bacterial infection of upper respiratory tract infection (URIab) as well
as exacerbations of HSV infection and chronic tonsillitis. Further, in individuals who later
developed RA, encounters with mycobacterium tuberculosis were significantly more likely
to result in the development of clinically active infection and antituberculosis therapy than
in controls. Moreover, an unexpected and interesting finding was the fact that an episode
of TB cured before the onset of RA was linked with chronic tonsillitis exacerbations in a
year preceding RA onset and had an effect on eRA disease indices.

To clarify further directions for research, we tried to analyze the possible intersec-
tions of the mechanisms of RA pathogenesis and the response of the immune system to
these infections.

Herpesviridae infection susceptibility. Previously, we analyzed the peculiarities
of antiherpes defense in RA [3]. Briefly, HSV1/2 virus infects 60-95% of adults [20].
Given such a high percentage of infection, some authors are even inclined to consider that
these viruses should be considered part of the normal microbiome [21]. Thus, the high
frequency of HSV reactivation in our cohort is due to insufficient mechanisms that keep
viruses persisting in the body in a latent state, and the virus’s tactics to avoid immune
detection and establish latency work in a significant portion of the population—up to 80%
in human adults for HSV-1 and about 40% for HSV2 [22]. The results of our control cohort
showed similar results (the incidence of annual exacerbations 26.6%), while the incidence
in the eRAall cohort was reliably increased, being as much as two times higher in the
eRAfam subgroup.

Several reasons can be assumed due to the increased incidence of HSV1/2 reactivation
in RA. First, reactivation may be provoked by demethylation and histone modification
processes, which are excessive in RA [23].

Second, the receptors mediating virus spreading from cell to cell, in particular, her-
pes virus entry mediator (HVEM) and epidermal growth factor receptor (EGFR), were
demonstrated to be overexpressed on most cell types found in RA synovial tissues [24,25].
Serum levels of soluble HVEM are increased in RA as well [26]. Additionally, EGFR gene
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overexpression in bone marrow-derived mononuclear cells is due to an RA-associated
SNP [27-30].

Third, immune cells recognize viruses by pattern recognition receptors, among which
the mannose receptors are considered to be the most important [31,32]. Though some
preliminary evidence suggests that mannose receptors may be overexpressed on immune
cells of the myeloid lineage present in blood and synovial tissue from RA patients [33], as
an important secreted soluble PPR family, the levels of mannose-binding lectin (MBL), an
opsonic factor binding to HSV, were found to be decreased in eRA; this is associated with a
higher risk of developing early erosive RA and higher levels of IgM RF and CRP [34,35], and
the MBL gene is down-regulated more than threefold compared with late-stage RA [36]. The
importance of MBL in RA physiopathology is reinforced by the observation of a nucleotide
polymorphism (SNP) at the MBL gene associated with RA susceptibility [32,37] and with
HSV infection recurrences, possibly due to impaired recognition of the viruses [32].

Fourth, the major deterrents of virus spread limit are type I interferons (IFNs) produced
by iNK cells, and IFN-y produced by macrophages and lymphocytes [38—40]. A defective
capacity of the immune system to produce IFN-y in response to viral stimulation was
demonstrated, which might be due to the low serum level of IFN-y and to the recurrence
and reactivation of the virus [41-43].

Fifth, qualitative and quantitative abnormalities in the iNKT population-minor popu-
lation of the innate-like T-lymphocytes, which have a specific value in keeping the virus in
latency, were demonstrated in early-stage RA.

The population of the virus-specific CD8+ T-lymphocytes and their cytotoxic activity
focused on infected cells or the separate Herpesviridae peptide epitopes is decreased as well,
both in early- and late-stage RA, in contrast with an abundant and hyperactivated whole
population of CD8+ T cells of various specificities [44—46].

So, based on the results of the analysis of known facts, it is not surprising that in
cohorts of persons at the eRA stage, episodes of HSV1/2 infection reactivation are detected
more often than in controls.

Upper respiratory tract infections. The development of acute bacterial infections
of this localization is mainly due to respiratory viral or other factors affecting the ade-
quate barrier functions of mucous membranes and microbiome structure, as well as to the
modulating antibacterial immune response. The following processes are available.

e  Local mucosal processes caused by the viral infection—epithelial damage and cell
loss, breakdown of mucin by viral neuraminidase, increased receptor availability on
epithelial cells due to the promotion of augmented bacterial adherence, inhibition of
phagocyte function and neutrophil NET functioning, abnormal expression of antimi-
crobial host defense peptides, and launching of local immunological processes [47-49].

e  Microbiome structure modulation- viral mucosal inflammation can create a suitable
environment for the growth of opportunistic bacteria and lead to the expression of
the receptors and, via cleavage of sialic acid, exposure of receptors to bacteria on the
mucosal surface. For example, it was demonstrated that treatment with live attenuated
influenza vaccines reverses normal bacterial clearance from the nasopharynx and
significantly increases the bacterial carriage densities of Streptococcus pneumoniae
and Staphylococcus aureus in mice [50,51].

e  Viral inhibition of antibacterial defense. Viral respiratory infection leads to a rapid
release of type I interferons to limit viral replication, due to the inhibition of some
immune processes and to increase the risk of secondary bacterial infection [49]. In
addition to the inhibition of various aspects of phagocytosis, type I IFNs decrease
the production of IL-1f3 and IL-23, which are necessary for the polarization of TH17
cells, and decrease the production of IL-17, correlating with reduced clearance of
bacteria [52]. It should be noted here that, in contrast to IFN, gamma type I interferon
system responses are increased in RA in correlation with AB production [53]. Fol-
lowing type I IFN production, natural killer cells, but also CD4+ T-helper (TH) cells,
CD8+ cytotoxic T cells, and neutrophils, start to release IFN-gamma whose action is
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not so uniquely inhibitory. It was demonstrated in rodent models of S pneumoniae
and S aureus pneumonia that neutrophil-produced IFN-gamma was produced due
to bacterial clearance [54]. However, as mentioned above, in RA there are certain
problems with the adequate production of this factor.

e ltisnow generally accepted that rheumatoid arthritis is triggered by a latent inflamma-
tory process in the mucous membranes, including the upper respiratory tract. From
general considerations, it can be assumed that genetically determined features of the
functioning of systemic immunity factors probably also determine the peculiarities of
the course of local immune processes in the mucous membranes. This little-studied
problem is not the subject of discussion in this article.

e Interms of effective neutrophil and macrophage phagocytosis and killing, there are
some peculiarities in RA [4,12,55,56].

o  The insufficient functioning of the mannose-binding lectin involved in innate immune
signaling due to its gene mutation is associated with persistent St. aureus nasopharyn-
geal carriage [57]. As discussed above, this factor was found to be decreased in eRA
due to its gene SNP.

e A critical element of bacterial killing within the phagocytic cell, the antimicrobial
components of the intracellular phagocyte granules and, in particular, the cell wall-
degrading enzyme lysozyme, are reduced in RA patients and persons at risk [4,58].

e  Higher levels of IFN gamma were associated with the successful cleansing of S. aureus
from the nose during experimental colonization [59]. IFN gamma deficiency in RA
was discussed above.

e The HLA-DRB1*04 RA-associated shared epitope was found to be associated with S.
aureus infection in the white population [60].

The special relationships of the immune system with St. aureus were confirmed by a
number of authors. Dieperink et al. demonstrated the increased risk of infection due to
the RA disease per se regardless of the therapy [61]. The staphylococcal superantigen D
gene was found in the synovial fluid and blood of RA patients [62]. Numerous studies
should be mentioned, which demonstrate that antigenic determinants of Fc fragments
of RF-IgG-epitopes are simultaneously the points of application of Fc-binding proteins
of a number of microorganisms, staphylococcus (staphylococcal protein A), streptococci
of groups A, C, and G, and herpes simplex virus type 1. In other words, RFs might be
anti-idiotypic antibodies to the immunoglobulins produced against these pathogens of
common infectious processes [63].

Chronic tonsillitis exacerbations. First, in chronic tonsillitis provocation, non-infectious
factors play a significant role, in particular, smoking and the intake of damaging volatile pol-
lutants (of a domestic and professional nature) [64,65]. The same factors act as RA triggers.

Second, recurrent acute bacterial and viral infections are also important. In chronic
tonsillitis, these are adenoviruses, influenza, and parainfluenza viruses, Epstein—Barr
viruses, herpes simplex viruses, and enteroviruses of I, II, and V serotype, paving the way
for S. aureus n S. pyogenes, Fusobacterium necrophorum, Prevotella intermedia, Prevotella histicola,
as well as Mycoplasma pneumoniae, and Chlamydia pneumonia [65].

The loss of barrier functions plays a role as well. In chronic tonsillitis, long-term
contact of pathogenic flora with the lacunae epithelial lining is due to epithelial thinning,
ulceration, and necrotization, which leads to insufficient barrier function and deepening of
the pathological process in the structural elements of the tonsils [66]. The functional activity
of the microorganisms, namely, proliferation and RNA synthesis, were revealed not only
in epithelial tissue but in connective tissue as well, due to fibroblast activation. Chronic
inflammation leads to sclerosis of the parenchyma and a disruption of the cytoarchitectonics
of the tonsils, interfering with the normal interplay of the lymphoid and non-lymphoid
cells involved in the production of necessary cytokines (the signs of immunodeficiency of
the tonsil parenchyma), together with the formation of autoimmune humoral and cellular
reactions against the tonsil tissue, and the proliferation of connective tissue antigens. In
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the local immune organs, the signs of Th2 activity, namely plasmocyte activation, were
demonstrated [65].

The scanty information on the features of the functioning of the barrier organs in
RA is the subject of a separate review. However, within the framework of the objectives
of this discussion, curious details of chronic tonsillitis pathogenesis, in addition to the
connections with RA environmental triggers and the role of Th2 reactions in opposing RA,
are as follows.

e In chronic tonsillitis, low levels of mannose-binding lectin play a role (in RA, as
discussed above) [67].
A decrease in the local level of lysozyme in both infections in RA-discussed above) [65,67].
Impaired phagocytosis of bacteria [68], (in RA, as discussed above).
Stimulation of TGF-f1 (transforming growth factor 1), local production by microor-
ganisms, and modulation of local immune Th17 reaction [69]; increased expression of
this factor is known to play a role in RA [70-72].

TB ever in life. Almost all publications on the problem of RA and TB are studies
of the risk of developing infection against the background of modern biological therapy.
Meanwhile, we demonstrated that persons predisposed to RA have the honor of belonging
to the minority of the population (5-10%) that develop primary active TB disease, with
clinical symptoms ever in life, while the majority of infected persons show no disease
symptoms but develop an effective acquired immune response and are referred to as having
a latent infection [73]. It must be noted that our data are consistent with the study results
of Spanish authors who analyzed the data of the National Network of Epidemiological
Surveillance reports from 1990 to 2000 and found a 4-fold increased risk of TB infection in
patients diagnosed with RA [74].

Analysis of the literature data revealed a number of weak links in the immune system
in RA, which could lead to insufficient immune surveillance of infection.

The first step is the efficient uptake and destruction of MB by macrophages [75]. We
and other researchers demonstrated the abnormalities of phagocyte functioning, namely,
phagosome formation, in RA and persons at risk [55].

Second, as well as in the case of herpesviruses, reception of numerous MB ligands
by macrophages is carried out by pattern recognition receptors, particularly the mannose
receptor and mannose-binding lectin [76], the latter of which was found to be deficient in
RA, as was discussed above.

Third, adequate functioning of innate lymphocytes and natural killer (NK) cells pos-
sessing potent cytolytic capacity is also known to be impaired in RA [76], as was dis-
cussed above.

Fourth, the microbiome was relatively recently recognized as a new player. Although
the study of the relationship between the microbiome of different localization and TB is
only gaining momentum, evidence has been obtained of the influence of the microbiome
of the nasopharynx, oral cavity, lungs, and the intestine (due to the functioning of the
intestinal-lung axis) on the anti-tuberculosis response [77]. For example, latent TB patients
that possessed serum anti-H. pylori antibodies demonstrated higher TB antigen-specific Th1l
responses and IFN-y production and were less likely to develop active TB disease compared
to H. pylori seronegative individuals [78]. Butyrate produced by Prevotella inhibited the
mycobacterial antigen-specific IL-17 and IFN-y responses and increased lung MB-specific
regulatory T cells [79]. It must be noted that both mechanisms of modulating the anti-TB
immune response affect RA development in the opposite direction, Th1l stimulation by
H. pylori might trigger RA, while the microbial HCFA inhibitory effect can counteract the
disease development. At the same time, the genus Prevotella is a well-known trigger of
ACCP production.

In the same way, the opposite impact of the Natural Resistance Associated Macrophage
Protein (Nramp1) phagosomal bivalent cation transporter Nramp-1 functioning has been
observed in these two diseases. TB-associated gene mutations of this factor are due to the
weakening of the response of macrophages to infection and increasing TB susceptibility [80,81].
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RA-associated polymorphisms of this gene cause the excessive activity of this factor and
contribute to the aggravation of pro-inflammatory mechanisms [82].

After TB episodes ever in life, MB persists mostly in the lung macrophages in a
quiescent or latent state. Maintaining this state unconditionally is a process (immune
surveillance) whose effectiveness is determined by the permanent activity of the host’s
immune system [83], namely, macrophages, Th17 cells with a long-lived effector memory
phenotype and memory Th17 cells, polyfunctional T cells, non-conventional yé T cells,
mucosa-associated invariant T (MAIT) cells, and natural killers (NK), with the possible
participation of antibody-producing 3-lymphocytes. Most of these cells are active cytokine
producers, with IFN gamma, IL-17, TNF, IL-1f3, I1-22, I1-12, and 1I-2, as well as Thelper2
(Th2)-associated cytokine being the most important [84]. Effective surveillance is due to
the delicate balance of these factors. In addition, according to the currently scarce data,
post-TB infection and therapy leave a long mark on the structure of the respiratory tract
microbiome [85].

Active immune surveillance of herpesviridae infection (in particular varicella zoster
virus chickenpox etiological factor, followed by neurons for long-term residence and re-
activation, with the clinical symptoms of herpes zoster) is carried out by macrophages
producing IFNs, TNF-«, and IL-6, and lymphocytes producing IFN-y [38—40]. Activated
CD4+ and CD8+ T cells play a pivotal role in clearing the primary infection [40,86]. Non-
specific and specific CD8+ T cells infiltrate and persist within virus-infected cells, with
specific CD8+ T-lymphocytes being the prevailing ones, expressing a late effector memory
phenotype and being activated by stimulation from the infected cells [87-89]. The role
of B cells in the immune response to herpesviridae is to present antigens and secrete cy-
tokines [90-92]. It is reasonable to specify that, even when latent, the herpes viral genome
is not completely silenced, and some viral proteins are produced. In the case of EBV, it was
demonstrated that it exhibits three different latency programs, each comprising a limited
and distinct set of viral proteins and RNAs [21].

So, despite being latent, the infection is still a challenge for the host immune system.
In a host that is predisposed to RA with imbalanced immune reactions, two consequences
may arise: (i) insufficiently effective immune surveillance may cause latency with greater
pathogen activity; (ii) there may be a tendency to uncontrolled pro-inflammatory reactions
and insufficient inhibitory mechanisms and constant background cell stimulation may
ultimately be one of the triggers for the development of the disease.

The above considerations are also valid for another member of herpesviridae alpha
subfamily—HSV1/2. Despite the fact that we conducted an examination in the absence
of signs of this infection, as well as of other commonplace infections, the impact of viral
reactivation during the last year on clinical and laboratory parameters of the eRA cohorts
was found. Previously, we demonstrated the link between the increased granulocyte
spontaneous and stimulated ROS production in eRA on one hand, and the ROS production
indexes with RA activity indexes [12] on the other. V-URI infectious episodes in the last year
were linked with increased spontaneous ROS production as well. Our data are supported
by the well-known fact that ROS are known as the basic pathogen molecules in viral
infections [21,93]. We also demonstrated HSV DNA in blood PBMC and abnormalities of
antibody production in RA in connection with its activity were found [5].

So, the analysis revealed certain prerequisites for an increased susceptibility to certain
identified infections in individuals prone to developing RA.

On the other hand, some features of innate and adaptive immunity that are characteris-
tic of RA may contribute to the provocation of disease by these infections. This publication
does not aim to analyze the provoking mechanisms in detail, but briefly, it can be assumed
that the following features of innate and adaptive immunity that are characteristic of RA
may contribute to the provocation of disease by these infections.

e  The inflammatory process in the mucous membranes of barrier organs leads to disrup-
tion of the microbiome structure and increased mucosal permeability to inflammatory
factors and pathogens, as well as to the appearance of portions of post-translationally
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modified proteins (citrullinated, glycosylated) and the development of an adaptive
immune response to them.

e  Provocation by infectious pathogens sets in motion the powerful pro-inflammatory
potential of the immune system due to polymorphisms in genes of the NFkB and
Jak/Stat signaling pathways, cytokines, and Toll-like receptor genes, and disruption
of the formation of inflammasomes [3,94].

e Imperfect control of lymphocyte activity, due to SNPs of PTPN22, CTLA-4, BTLA, and
some other elements of the immune response [95,96], makes it difficult to stop immune
activity that is no longer needed after recovery from infection. It is also necessary
to add the Treg/Th17 balance and imperfect suppressor activity of Treg cells in RA,
due, in particular, to the modulation of TNF alpha [97-99]. According to some data,
suppression of Treg cell activity and a shift in Treg/Th17 balance is fraught with the
breakdown of self-tolerance, leading to the progression of RA which might be due to
recurrent HSV1/2 infection [100].

In terms of the limits of this study, the authors understand that information about
specific trivial infections carried during the year, and the number and duration of these
infections, is subjective. However, a significant number of publications are based on the
results of analysis of data obtained by quantitative interviews (175 publications in PubMed
when searching for the keywords “rheumatoid arthritis” and “quantitative interviews”),
some of which are based on online or phone surveys and information self-reported by
patients [101-105]. In our study, information about annual infections was collected face-to-
face from year to year (up to 15 or more years of monitoring) by a qualified rheumatologist
with extensive experience as a general practitioner and included the active use of informa-
tion from medical records (about 30-40% of annual acute infections, 100% of exacerbation
of chronic infections other than HSV, and 100% of pneumonia, TB, and contraction of
sexual infections ever in life). We tried to balance the subjective component with a critical
approach to information collecting and a multi-layered statistical analysis.
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/ /www.mdpi.com/article/10.3390/jcm13102796/s1, Table S1: Probability of reliable correlation of
RA indices and annual infection parameters in eRAall cohort with increasing sample size (1-3—power
of independence criteria, Cramer’s V effect size); Figure S1: Publications on the problem of the trigger
role of infections in rheumatoid arthritis development: A: All publications. B: Reviews.
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