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Enteric fever and rheumatoid arthritis are common diseases that directly affect the human immune system. The aim of

the study is determine the levels of inflammatory indicators in the two medical conditions and determine the extent of their
impact on increasing the severity of the infection and its complications. This case-control study involved 100 patients with
rheumatoid arthritis and typhoid fever, including 50 males and 50 females, along with 50 healthy controls (25 males and
25 females). The participants' average age ranged from 25 to 35 years. The study took place at Nasiriyah Teaching Hospi-
tal, Al-Haboubi Teaching Hospital, and Imam Hussein Teaching Hospital between 10/1/2023 and 20/3/2024. C-reactive
protein (CRP), RF, anti-CCP, antinuclear antibody, IL-1a, IL-6, IL-33 and IL-36a levels were measured using enzyme-
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Thi-Qar, Irag. E-mail: culture methods. The results showed no significant differences in age and body mass index between the two groups. How-

osamaakramggo@gmail.com ever, there were significant changes in symptoms. CRP, RF, ANA, and Anti-CCP levels increased in the patient group,

along with a rise in interleukin levels. 76.0% of cultures were positive, and PCR identified bacteria in 11.8% of cases.
Drug sensitivity testing revealed that Ceftriaxone, Nitrofurantoin, and Ciprofloxacin were the most effective drugs, with a

100% success rate.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that affects
the entire body, characterized by inflammatory arthritis and inflam-
mation outside the joints. It is a chronic inflammatory condition that
primarily targets the joints and is often triggered by genetic factors
combined with external influences, such as tobacco use. RA typically
begins in the small peripheral joints, is symmetrical, and progresses to
involve the proximal joints if left untreated (Smolenet al., 2016;
Klareskoget al., 2020).

Joint inflammation in RA can take time to damage bone and car-
tilage, ultimately leading to joint destruction. If symptoms persist for
less than six months, it is referred to as “early RA" If the condition
lasts longer than six months, a diagnosis of RA is confirmed. Without
treatment, RA tends to worsen over time, increasing the risk of com-
plications and premature death (Bullock et al., 2018). Genetics play a
significant role in the development of RA, with the condition believed
to result from a combination of genetic and environmental factors.
A United Kingdom (UK) study involving 91 pairs of monozygotic
(MZ) twins and 112 pairs of dizygotic (DZ) twins found that the MZ
concordance rate for RA was 15%, compared to 5% for DZ twins
(Ktodzinski & Wistowska, 2018).

For seropositive RA, the risk of inheritance ranges from 40% to
65%, whereas for seronegative RA, the risk is around 20%. Certain
Human Leukocyte Antigen-DRB1 (HLA-DRBL) alleles have been
associated with an increased likelihood of developing RA (Gregerse-
net al., 1987). Additionally, certain DNA variations that contribute to
RA are more prevalent in specific racial and ethnic groups. This in-
volves changes passed down without altering the DNA sequence,
such as DNA methylation, histone modifications, and regulation by
non-coding RNA. It has been observed that fibroblast-like synovio-
cytes (RA-FLS ) exhibit higher levels of SHP-2, a tyrosine phospha-
tase encoded by the Human Leukocyte Antigen-DR Beta 1
(PTPN11) gene, compared to OA synoviocytes. Increased damage
from RA-FLS was noted, and methylation in two regions of the
PTPNZ11 intron led to abnormal gene regulation, disrupting the epige-

netic control and altering the function of RA-FLS (Stanford et al.,
2013; Ciccacci et al., 2016).

The Global Burden of Disease 2010 Study estimated that appro-
ximately 0.24% of the global population suffers from RA. RA is
more prevalent in regions such as Western and Northern Europe,
North America, and areas with significant European immigrant popu-
lations, like Australia. In contrast, the prevalence is lower in East
Asia, Africa, and even lower in Central and South America (Cross
etal.,, 2014). In Western countries, about 40 out of every 100,000
people are diagnosed with RA annually. Women are more likely to
develop RA than men, with a lifetime risk of 3.6% versus 1.7%.
Therisk increases with age, particularly in those aged 65 to 80.
A review of 60 studies from 1955 to 2015 found a global RA preva-
lence of 0.51%. Many people with RA have antibodies that target cit-
rullinated proteins (Hoet et al., 1991). The HLA-DRB1 shared epito-
pe increases the likelihood of citrulline binding (Derksen et al., 2017).

Intestinal fever, also known as enteric fever, is a significant public
health issue, particularly in the developing world. It is caused by Sal-
monella typhi and S. paratyphi. Both typhoid and paratyphoid fever
present similar symptoms, and the terms "enteric fever" and "typhoid
fever" are often used interchangeably (Parryet al., 2002). Salmonella
typhi and S. paratyphi, both from the Enterobacteriaceae family, are
the main causes of typhoid fever. After extensive testing, multiplex
quantitative PCR helped differentiate Salmonella enterica serovars,
including types A, B, and C, which correspond to S. typhi and S. par-
atyphi. Children are more prone to nontyphoidal salmonella (NTS),
the leading cause of illness (Heymans et al., 2018). The study aims to
find a link between interleukin levels, typhoid fever, and rheumatoid
arthritis. The study aims to use genetic tracking methods to find out
how the body's immune system reacts to bacterial infections and what
role it plays in the development of rheumatoid arthritis.

Materials and methods

The case-control study includes 100 patients suffering from rheu-
matoid arthritis and typhoid fever, divided into 50 males and 50 fema-
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les. Demographic data were fully collected, and the study also inclu-
ded 50 healthy people, divided into 25 males and 25 females.
The average age of the participants was between 25 and 35 years.
Samples were collected at Nasiriyah Teaching Hospital, Al-Haboubi
Teaching Hospital, and Imam Hussein Teaching Hospital during
10/1/2023 to 20/3/2024. 10 mL of blood was collected from each
participant, and immunological tests for C-reactive protein, RF, anti-
CCP, and antinuclear antibody were performed using enzyme-linked
immunosorbent assay based on the recommendations of the manufac-
turer Bio-Techne (R&D Systems, USA). Interleukins levels were also
measured using enzyme-linked immunosorbent assay based on the
recommendations of the manufacturer Bio-Techne (R&D Systems,
USA). The blood samples were cultured on blood culture medium
and MacConkey medium based on the recommendations of the ma-
nufacturer Oxid (UK), and the bacteria were isolated and their drug
sensitivity was performed using Mueller Hinton Agar based on the
recommendations of the manufacturer Sanofi (Firance).

Results

The comparison showed that both groups had the same gender
distribution (50% male, 50% female) and similar mean ages, with no
statistically significant differences. BMI was also comparable bet-
ween the groups. However, significant differences were observed in
clinical symptoms: fever, joint pain, abdominal pain, and anorexia
were much more common in the patient group (up to 100%) compa-
red to the control group (less than 5%), with p-values < 0.001. Addi-
tionally, physical inactivity was significantly associated with the dis-
ease, as 85% of patients were inactive versus only 18% in the control
group (P <0.001).

Table 1
Distribution of gender, age, symptoms, BMI,
and physical activity status with statistical significance (n = 150)

Table 2
The immunological biomarkers (anti-CCP, RF, CRP
and antinuclear antibody) among to the study group

Control group  Patients group
Parameters (n=50, (n=100, P-value
mean + SD) mean + SD)
Anti-CCP antibody, U/mL 648+24 3859+175  <0.001
RF, IU/mL 139+32 28070 <0.001
CRP, mg/L 52+16 147+29 <0.001
Antinuclear antibody (ANA) 0.97£055 1.32+087 <0.01
Table 3
Interleukin levels (IL-1 a, IL 6, TL-33 and IL-36 a)
among to the study group
Control grou Patients grou

Parameters (n=50, megn tpSD) (n=100, me%n tpSD) P-value
IL-1a, ng/L 1.32+0.07 253+0.30 <0.001
IL 6, ng/L 411+0.78 7.39+0.81 <0.001
IL-33, ng/L 8.47+0.51 1898+091 <0.001
1L-36a, ng/L 219.8+85 273.2+109 <0.001

Control group  Patients’ group P-value

Ampicillin. It was found that about 55% of the samples showed
intermediate sensitivity, while 45% showed resistance, and no cases
of complete sensitivity were recorded. 100% sensitivity to Ceftri-
axone was observed for all tested samples, without resistance or in-
termediate sensitivity. For Imipenem 49% of samples were found to
be intermediately susceptible, 18% were susceptible, and 33% were
resistant. For Gentamicin, 45% of the samples were intermediately
susceptible, 28% were sensitive, and 27% were resistant. For Nitrofu-
rantoin, 100% of the samples showed complete sensitivity to the anti-
biotic, with no resistance or intermediate sensitivity. For Penicillin,
40% of the samples showed intermediate sensitivity, while 60% were
resistant without complete sensitivity. For Clindamycin, all samples
(100%) showed resistance to the antibiotic without any degrees of
sensitivity. The results for Ciprofloxacin show complete sensitivity in
100% of samples with no intermediate sensitivity or resistance.

Table 4
The frequency and percentage of sensitivity to the drugs

Drugs/ sensitivity Intermediate Sensitive Resistance

! % freq. % freq. %
Ampicillin 55 55 0 0 45 45
Ceftriaxone 0 0 100 100 0 0
Imipenem 49 49 18 18 33 33
Gentamicin 45 45 28 28 27 27
Nitrofurantoin 0 0 100 100 0 0
Penicillin 40 40 0 0 60 60
Clindamicin 0 0 0 0 100 100
Ciprofloacin 0 0 100 100 0 0

Characteristic (n="50) (n=100)
Male No. 25 50
% 50.0% 50.0%
No. 25 50
Female % 50.0% 50.0% 0.65
No. 50 100
Toeal % 100% 100%
Age (mean + SD), year 2882+483  2889+4.79 0.93
yes 3.0 91.0
Fever o 770 9.0 <0.001
. . yes 4.0 89.0
Joint pain o 760 1.0 <0.01
Abdominal pain yes 0.0 100.0 <0.001
Loss of appetite yes 3.0 100.0 <0.001
BMI (mean + SD), kg/m? 28.9444.09 29.84+4.10 0.125
Physical activity active 320 15.0 <0001
status n (%) inactive 18.0 85.0 '

Anti-CCP antibody levels were significantly higher in the patient
group (385.9 £ 17.5 U/mL) compared to the control group (64.8 +
2.4 U/mL), with a P-value < 0.001. Rheumatoid factor (RF) levels
were also elevated in patients (28.0 = 7.0 1U/mL) versus controls
(13.9 + 3.2 IU/mL), showing a significant difference (P < 0.001). C-
reactive protein (CRP) levels were markedly higher in the patient
group (14.7 + 2.9 mg/L) compared to the control group (5.2
1.6mg/L), with a P < 0.001. Additionally, antinuclear antibody
(ANA) levels were significantly higher in patients (1.32 + 0.87) than
in controls (0.97 + 0.55), witha P < 0.01.

There was a significant increase in inflammatory cytokine levels
in the patient group compared to the control group. IL-1a levels rose
from 1.32 + 0.07 ng/L in controls to 2.53 + 0.30 ng/L in patients (P <
0.001). IL-6 levels increased from 4.11 + 0.78 to 7.39 + 0.81 ng/L
(P< 0.001). IL-33 levels were also significantly higher in patients
(18.98 + 0.91 ng/L) than in controls (8.47 + 0.51 ng/L), with a P <
0.001. Similarly, IL-36a levels were elevated in the patient group (273.2
+10.9 ng/L) compared to the control group (219.8 + 8.5 ng/L), with a
P <0.001, indicating strong statistical significance.
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The correlations between age, Anti-CCP, and most cytokines (IL-
lo, IL-6, IL-33, IL-360.) were generally weak and not statistically sig-
nificant. The only notable finding was a significant correlation bet-
ween IL-360 and IL-1a (r = 0.269; P = 0.007), suggesting a moderate
relationship.

Table 5
The Pearson correlation of all biomarkers among to the study group

Parameters Age gﬂz:bgg ILla  IL6 IL-33
Anti-CCP  Pearson correlation  0.135 - - - -
antibody  Sig. (2-tailed) 0.182 - - - -
IL-lo Pgarson c_orrelation 0.195 -0.056 - - -

Sig. (2-tailed) 0.052 0581 - - -
IL6 Pearson correlation -0.008 -0071  -0.129 - -
Sig. (2-tailed) 0940 0.480 0.200 - -
IL-33 Pearson correlation —0.100  0.086 0077 -0017 -
Sig. (2-tailed) 0324 0.396 0445 0.863 -
IL36 Pgarson c_orrelation 0.009 -0.101 0.269™ -0.048 0.028
Sig. (2-tailed) 0.926 0317 0.007 0.638 0.783

Note: P-value < 0.05 (statistically significant).

As reported by Khan et al. (2012), the following results were re-
ported:
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1. Regarding the stirring principle known as “Ninitiator” used in
the analysis:

—aresulting size of 599 base pairs has been reported;

— the sequence 5-TCT CAC ACA CCA TTG CA-3' was used to
find 20 bases of the forward chain (F);

—the late sequence (R) had 19 bases and was identified by the se-
guence 5-AGC AGG TTT ACC ATC AGA A-3.

Table 6
Sequence of the quality parameters of the Flic gene

2. As for the “Naste 2 d Flic™:

—a product size of 360 base pairs was reported;

— the advanced chain (F) has 21 bases and is made up of the se-
quence 5-TGA ATT TCT GCC CTT CCC ATT-3;

— it was 21 bases long for the late sequence (R), with the se-
quence 3-GGT TCA GGG GTG ACACCATTT-5.

Source Output sizebp Number of rules bp Sequence of initiator, 3*------- 5 Theninitiator N
599 20 F/5-TCT CACACACCATTGCA-3 Flic 1
(Khan etal., 19 R/5-AGC AGGTTT ACCATC AGA A -3
2012 360 21 F/5-TGAATT TCT GCCCTT CCC ATT -3 Naste 2
21 R/35-GGT TCA GGG GTG ACACCATTT - 2 d Flic

In the analytical study of bacterial growth in different cultural
samples, the presence of Salmonella typhi bacteria was detected in the
positive samples at a rate of 76.0%, with 76 confirmed samples, com-
pared to the isolation of other bacteria in 4 samples at a rate of 4.0%,
and no growth was observed in 8 samples at a rate of 8.0%. While the
negative samples showed the presence of Salmonella typhi bacteria at
a rate of 6.0% in 6 samples, other bacterial growth was detected in
two samples at a rate of 2.0%, and no growth in 4 samples at a rate of
4.0%. The total among all tested samples showed the isolation of
S. typhi bacteria in 82 samples, representing 82.0%, while other bacte-
ria were in 6 samples, representing 6.0%, and the total of samples
without growth reached 12, representing 12.0% of the total samples.
The results of the Pearson Chi-Square test confirmed high statistical
significance (P < 0.01), indicating significant differences between
confirmed and unproven samples for the presence of S. typhi.

Table 7
Culture results depending on bacterial isolates

Bacterial isolation Pearson Chi-Square

Culture Salmonella typhi  others  no growth test (P-value)
. 76 4 8 .
Positive 76.0% 4.0% 8.0% S_tas?lg:ally
- 6 > 7 significant
Negative 6.0% 20% 4.0% (P<0.01)
Total 82 6 12 Total 100
82.0% 6.0% 12.0% Total 100%

In a study of genotype analysis using the Flic (PCR) test, the re-
sults revealed 9 positive cases, representing 11.84%, and 3 negative
cases, representing 3.94%. The Z-test showed great statistical signifi-
cance for these results (P < 0.01). This confirms the high statistical
significance of the test used to detect genetic changes in the studied
samples.

Table 8
Flic genetics screening test (PCR) test for bacterial isolates

Genetics Positive Negative Binomial (Z)Test (P-value)
Flic test 9.0 3.0 - -
(PCR) 11.84% 3.94% Statistically significant (P < 0.01)
Discussion

Anti-CCP antibody levels were significantly higher in the patient
group (385.9 £ 17.5 U/mL) compared to controls (64.8 + 2.4 U/mL,
P < 0.001). This supports findings by Lima et al. (2010), who repor-
ted 370.5 + 18.2 U/mL in RA patients. Vossenaar et al. (2004) found
lower levels, possibly due to genetic or disease severity differences
(Vossenaar & van Venrooij, 2004). RF levels were significantly hig-
her in the patient group (28.0 + 7.0 IU/mL) compared to controls
(13.9 £ 3.2 IU/mL), consistent with Hu et al. (2018), who reported an
average RF of 25.6 + 7.3 IU/mL in patients (Hu et al., 2018). CRP
levels were significantly higher in patients (14.7 £ 2.9 mg/L) than
controls (5.2 + 1.6 mg/L), indicating systemic inflammation. This
aligns with Tuompo et al. (2013), who reported CRP levels of 15.1 +
3.0 mg/L in similar conditions (Tuompo et al., 2013). ANA levels

were modestly elevated in patients (1.32 + 0.87) compared to controls
(0.97 = 0.55), with a significant p-value (<0.01). This aligns with Fu
et al. (2004), who reported similar findings in autoimmune diseases.
Despite some variability across studies, these biomarkers play a cruci-
al role in diagnosing and monitoring inflammatory and autoimmune
disorders (Fu et al., 2004).

Table 3 shows significant increases in IL-1a, IL-6, IL-33, and IL-
360 levels in patients compared to controls. This supports Huang
etal. (2021), who found elevated IL-1a (2.45 + 0.28 ng/L) in chronic
inflammatory diseases, though Lalmanach et al. (1999) reported slig-
htly lower levels (2.30 + 0.25 ng/L), possibly due to disease variations
(Lalmanach & Lantier, 1999; Huang, 2021). IL-6 was significantly
higher in patients (7.39 £ 0.81 ng/L) than controls (4.11 + 0.78 ng/L),
aligning with Netea et al. (2003) who found similar levels (7.25 +
0.85 ng/L). Stoycheva et al. (2005) reported lower levels (6.80 +
0.75ng/L), likely due to immune response variability across popula-
tions or conditions (Netea et al., 2003; Stoycheva & Murdjeva, 2005).
IL-33 levels were significantly higher in patients (18.98 + 0.91 ng/L)
than controls (8.47 £ 0.51 ng/L), consistent with Macedo et al. (2016),
who reported similar values in autoimmune patients. Rivellese et al.
(2015) found lower levels (16.70 + 0.85 ng/L), likely due to differ-
ences in inflammatory pathways activated in their study population
(Rivellese et al., 2015; Macedo et al., 2016). IL-360. levels were sig-
nificantly higher in patients (273.2 + 10.9 ng/L) than controls (219.8 +
8.5 ng/L), similar to Gibson et al. (2012). Another study reported
slightly lower levels (260.4 + 10.5 ng/L), likely due to differences in
diagnostic criteria or sample characteristics. These variations high-
light the role of interleukins in inflammation and their potential as
biomarkers, with differences influenced by study populations and me-
thodologies (Gibson et al., 2012; Cloitre et al., 2019).

Table 4 shows the drug sensitivity profile of isolates, with Ampi-
cillin demonstrating 55% intermediate sensitivity, 45% resistance,
and no complete sensitivity, indicating limited effectiveness. This
aligns with Hill Gaston et al. (2003), who reported 47% resistance.
In contrast, Ceftriaxone and Nitrofurantoin exhibited 100% sensitivi-
ty, making them highly effective treatment options (Hill Gaston et al.,
2003). These results align with findings from Threlfall et al. (2019),
where both drugs showed sensitivity rates of above 95%, underscor-
ing their reliability in treating bacterial infections. Imipenem displays
mixed results, with 49% intermediate sensitivity, 18% full sensitivity,
and 33% resistance (Threlfall, 2002). This suggests that while effec-
tive for some isolates, resistance is a growing concern, as noted by
Salmon-Céron et al. (2021), who reported 30% resistance in similar
bacterial strains. Gentamicin reveals intermediate sensitivity in 45%
of cases, full sensitivity in 28%, and resistance in 27% (Salmon-
Céronetal., 2011).

This variability is comparable to findings by Serum et al. (2019),
who reported resistance rates of 25% and emphasized its reduced
efficacy in certain bacterial infections. Penicillin demonstrates a high
resistance rate (60%) with no isolates showing complete sensitivity,
similar to data by Navarre et al. (2010), where resistance exceeded
65%, reflecting the widespread inefficacy of Penicillin in combating
resistant strains (Navarre et al., 2010). Clindamycin shows 100%
resistance, corroborating the findings of Chau et al. (2007), who ob-
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served complete resistance in similar isolates, likely due to prolonged
overuse and misuse (Chau et al., 2007). Ciprofloxacin, like Ceftriaxo-
ne and Nitrofurantoin, shows 100% sensitivity, confirming its effica-
cy, as seen in studies by Petrovska et al. (2016). This reinforces their
effectiveness as first-line treatments, while Ampicillin, Penicillin, and
Clindamycin demonstrate concerning resistance trends. These fin-
dings highlight the importance of regular antimicrobial susceptibility
testing and careful antibiotic use to prevent resistance development
(Petrovskaetal., 2016).

The selection and quality of primers, as shown in Table 6, are
crucial for accurate amplification of the Flic gene. Properly designed
primers ensure specificity, reduce non-specific amplification, and en-
hance molecular diagnostic reliability. This approach aligns with rese-
arch by Simon et al. (2007), highlighting their effectiveness in studies
of bacterial flagellar genes (Simon & Samuel, 2007). The use of vari-
ous output sizes allows the study of both the full gene and its subregi-
ons, offering flexibility in experimental design. This approach, com-
mon in bacterial phylogenetics and functional studies, aids in sequen-
cing and mutation detection. The primers' accuracy ensures reprodu-
cibility, supporting their broader use in microbial genetics, particularly
in understanding bacterial motility and virulence (Pang et al., 2024).

Table 7 presents the bacterial culture results, showing that S. typhi
was the predominant pathogen, found in 76% of positive cultures.
This aligns with findings from (Webber et al., 2019), who also identi-
fied S. typhi as the most commonly isolated pathogen in regions with
high incidences of typhoid fever. In addition to S. typhi, 4% of cul-
tures yielded "Others," including non-Salmonella pathogens such as
Shigella spp. and Escherichia coli. This observation is consistent with
Carroll et al. (2019), who reported similar results in their studies,
highlighting the presence of gastrointestinal pathogens that can cause
symptoms similar to typhoid fever. Notably, the study also observed
an 8% no growth rate, a result consistent with Stockhammer et al.
(2009), who noted that a certain percentage of cultures in gastrointes-
tinal studies show no bacterial growth. Possible explanations for this
no-growth result include prior antibiotic use or conditions where the
bacterial load is insufficient for detection. Furthermore, this phenome-
non can also be attributed to non-cultivable or fastidious organisms
that do not thrive under standard culture conditions, as noted in Hud-
son et al. ( 2000), where no growth was commonly observed in pati-
ents who had received prior treatment. Table 8 presents the results of
the Flic genetics screening test (PCR), showing that 9 out of 12 sam-
ples tested positive for the Flic gene (11.8%), with 3 samples negative
(3.9%).

The Binomial Z-test confirmed statistical significance (P < 0.01),
supporting the reliability of the positive results. These findings align
with Zeng et al. (2003), who demonstrated PCR's efficacy in detect-
ing the Flic gene, linked to flagellar synthesis and motility. The high
positive detection rate observed here is consistent with studies sho-
wing prevalence of motility-related genes in pathogens like S. typhi
and E. coli. In contrast, Won & Lee (2016), reported a lower detection
rate (5%) in S. enterica isolates, which may reflect strain or geogra-
phic differences. The higher rate in this study may be attributed to the
specific bacterial strains or clinical environment, which may harbor
more motility-related genes. The statistical significance (P < 0.01) re-
inforces PCR's role in identifying the Flic gene as a diagnostic marker
for bacterial infections, supporting its use in rapid pathogen identifica-
tion in clinical microbiology, as emphasized by Winter et al. (2009).

Conclusion

The study results showed no significant differences in age and
body mass index (BMI) between the patient and control groups, indi-
cating that these factors are not directly associated with disease deve-
lopment. However, there were statistically significant differences bet-
ween the patients' clinical symptoms and higher amounts of interleu-
kins and inflammatory markers such as CRP, RF, ANA, and Anti-
CCP. These results show that the patient group has a stronger immu-
ne system and more inflammation. A culture positivity rate of 76%
and a PCR positivity rate of 11.84% confirm the involvement of bac-
terial pathogens. Furthermore, drug sensitivity tests revealed that Cef-
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triaxone, Nitrofurantoin, and Ciprofloxacin were highly effective,
with a 100% success rate, emphasizing their importance as effective
treatment options for the isolated bacteria in this study.
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