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Abstract

Objectives: Brucella species are highly infectious organisms that can gain access to the human body through various
routes, including the gastrointestinal and respiratory tracts, conjunctiva, and eroded skin. In some cases, they may also
enter the bloodstream directly, as in transfusion-related cases or via transplacental transmission. The aim of this study
was to evaluate the potential role of serum anti-inflammatory and antioxidant factors such as nuclear factor erythropoi-
etin-2 (NRF2), heme oxygenase (HO-1), and neopterin in brucellosis and to investigate their relationship with serologic
anti-Brucella antibody findings.

Methods: A total of 90 patients with brucellosis and 30 healthy control individuals were included in the study. The
patient group was divided into three subgroups according to antibody titers: 30 patients with a 1/160 titer, 30 patients
with a 1/320 titer, and 30 patients with a 1/640 titer. Blood samples were collected and transferred into biochemistry
tubes containing gel. The tubes were then centrifuged at 4000 rpm for 10 minutes to separate the serum. The separated
serum samples were stored at -80°C. Serum levels of NRF2, HO-1, and neopterin were measured using the ELISA method.
Results: No significant differences in biomarker levels were observed between gender or age groups. However,
biomarker levels varied significantly according to antibody titer. Healthy controls exhibited the lowest levels of NRF2,
HO-1, and neopterin, whereas the 1/640 titer group exhibited the highest levels. NRF2, HO-1, and neopterin levels in-
creased progressively with rising anti-Brucella antibody titers (p<0.01).

Conclusion: NRF2, HO-1, and neopterin levels were positively correlated with antibody titers, suggesting that these
biomarkers may play a role in the immune response to brucellosis. Further studies with larger patient groups are
needed to better understand and confirm these findings.
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rucellosis is a globally widespread infectious disease in

both animals and humans and is considered a debilitat-
ing zoonotic disease. It can occur in men and women of all
ages, most commonly in the 15-35 age group. The disease
also has synonyms such as "Mediterranean fever" or "Malta
fever" [1, 2]. Routes of infection include the gastrointestinal
tract, respiratory tract, conjunctiva, and abraded skin [3].
When risk groups are examined, priority is given to those
who earn their living from livestock farming, slaughter-
house workers, veterinarians, and veterinary research labo-

ratory workers [4, 5]. Nrf2 is a cellular sensor of oxidative and
electrophilic stress. Nrf2 is a nuclear factor that controls the
expression and coordinated induction of a group of genes
encoding detoxifying enzymes, drug transporters, anti-
apoptotic proteins, and proteasomes. Modulation of NRF2
protein and enzymes occurs in response to oxidative stress
and infection. In the presence of inflammation or oxida-
tive stress, NRF2 undergoes phosphorylation and nuclear
translocation, which leads to the transcription of proteins
and antioxidant enzymes [6].
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When Nrf2 is activated in the nucleus, it stimulates and initi-
ates the production of antioxidant enzymes such as catalase,
glutathione, and superoxide dismutase. Antioxidant enzymes
neutralize up to one million free radicals per second [7]. Nrf2
is activated to correct the body's oxidative stress state, ensure
cell survival, and maintain the redox homeostasis of cells by
regulating the induced expression of phase Il detoxifying
enzymes and antioxidant enzymes [8]. The Nrf2 protein is
expressed in different tissues of the body (such as the liver,
kidney, spleen, and heart). Phosphorylated Nrf2 forms a het-
erodimer with the Maf protein and is then associated with an-
tioxidant response elements that activate HO-1 expression [9].
HO-1 catabolizes free heme into Fe?", carbon monoxide (CO),
and biliverdin. Heme catabolism by HO-1 produces biliverdin,
which can be converted to bilirubin by biliverdin reductase.
Heme catabolism by HO-1 also produces CO, a gas transmit-
ter that regulates cellular signaling [10]. The stress-sensitive
HO-1 isoenzyme provides protection against programmed
cell death. This cytoprotective effect inhibits the pathogenesis
of various immune-mediated inflammatory diseases. HO-1 ex-
pression is often induced in response to oxidative stress [11].
Heme oxygenase is the rate-limiting enzyme in heme me-
tabolism, and its function is essential to limit oxidative tissue
damage in both acute and chronic hemolytic injuries [12]. It
has implications in many diseases, particularly cancer, Alzhei-
mer’s disease, and infections [13].

Neopterin and its unoxidized form, 7,8-dihydroneopterin, are
relatively sensitive inflammatory markers because they are
produced at sites of inflammation. It is an antioxidant syn-
thesized by monocytes/macrophages that is produced upon
interferon-gamma stimulation. 7,8-dihydroneopterin rapidly
scavenges superoxide and hypochlorite, products of the in-
flammatory response, to form highly fluorescent neopterin
[14]. These factors maintain the dual balance of 7,8-dihydro-
neopterin and neopterin to measure inflammation and oxida-
tive stress [15]. Neopterin is a frequently used clinical marker
to indicate immune activation during inflammation in various

conditions and stresses [16]. We conducted this study to find
out biochemical abnormalities of certain parameters (HO-1,
NRF2, and neopterin) in patients with brucellosis and their
correlation with Brucella Wright agglutination results.

Materials and Methods

This study consisted of brucellosis patients who applied to
the Harran University Faculty of Medicine Infectious Diseas-
es Polyclinic. This study was approved by the Harran Uni-
versity Faculty of Medicine Clinical Research Ethics Commit-
tee on 18.10.2021, in the 1° session, with decision number
HRU/21.18.16. Our study was designed in accordance with the
criteria specified in the Declaration of Helsinki. Accordingly,
written informed consent was obtained from each subject.
The patients were composed of a total of 120 individuals from
four groups: 1/160 titer group, 1/320 titer group, 1/640 titer
group, and healthy control group without brucellosis.

Preparation of samples: This study consisted of brucellosis pa-
tients who did not receive any antimicrobial therapy and pre-
sented to the Infectious Diseases Outpatient Clinic of Harran
University Faculty of Medicine. A total of 90 patient groups
were formed; 1/160 titer groups, 1/320 titer groups, and 1/640
titer groups were composed; 20 were female and 10 were
male in each group. The mean age of the 1/160 titer group
was (45.20+18.24) years; the mean age of the 1/320 titer
group was (40.17+14.95) years; and the mean age of the 1/640
titer group was (42.80+17.16) years; and the mean age of each
group was similar. In this study, a healthy control group was
recruited from Harran University staff. Thirty healthy individu-
als, 18 females and 12 males, with a mean age of 40.70+13.91
years were included in the study. The study included 30 volun-
teers aged 40.70+13.91 years without any disease history or
pathology. They were collected from the staff of Harran Uni-
versity, and those with a BMI below 28 were selected (Fig. 1).

Blood samples were collected as patient and control sam-
ples. The collected blood was transferred to gel-containing

Figure 1. Age levels of the study groups (years; means +/- standart deviation).
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Figure 2. Heme Oxygenase-1 Levels in the study groups (means +/- standart deviation).

(biochemistry) tubes. Then, the blood was centrifuged at
4000 rpm for 15 minutes to separate the serum. The sera
were stored in a deep freezer at -80°C for use. The sepa-
rated sera were studied with the kit branded NRF2 ELISA
Kit, Bioassay Technology Laboratory (BT Lab) (Catalog No:
E3244Hu), Sensitivity: 0.11 ng/mL, CV (%) = SD/mean X 100;
Intra-assay: CV<8%; Inter-assay: CV<10%; Human Heme Ox-
ygenase-1 ELISA Kit (HO-1), Bioassay Technology Laborato-
ry (BT Lab) (Catalog No: E0932Hu), Sensitivity: 0.05 ng/mL;
CV (%) = SD/mean x 100; Intra-assay: CV<8%; Inter-assay:
CV<10%; and Human Neopterin ELISA Kit, Bioassay Technol-
ogy Laboratory (BT Lab) (Catalog No: E3155Hu), Sensitivity:
0.061 mmol/L; CV (%) = SD/mean X 100; Intra-assay: CV<8%;
Inter-assay: CV<10% (Fig. 2).

Statistical analysis

Statistical analyses were performed using the SPSS version
23.0 program. The conformity of variables to normal distribu-
tion was examined using histogram graphics and the Kolmog-
orov-Smirnov/Shapiro-Wilk test. Mean, standard deviation,
and median values were used when presenting descriptive
analyses. The Kruskal-Wallis test was used to evaluate vari-
ables that did not show a normal distribution (nhonparametric)
among more than two groups. The Bonferroni multiple com-
parison test was used to investigate the source of significant
differences among the studied groups. Frequency and per-

centage values were used when presenting categorical vari-
ables, and the analysis of categorical variables was performed
using the chi-square (exact) test. The Spearman correlation
test was used to evaluate the relationships between quantita-
tive variables. Cases in which the p-value was below 0.05 were
considered statistically significant.

Results

The study included a total of 120 patients, with a mean age of
42.22+16.08 years. Of the participants, 65% were female. The
mean measurements were 21.10+14.70 ng/mL for HMOX1,
64.32+31.13 ng/mL for NRF2, and 10.73+6.43 nmol/L for
neopterin. The individuals were classified into four groups
(1/160, 1/320, 1/640, and healthy control), each comprising
25% of the total participants (Table 1).

A total of 120 participants were included in the study. Partici-
pants were divided into four groups (1/160, 1/320, 1/640, and
Healthy Control). Mean measurements for HMOX1, NRF2, and
neopterin were shown for the participants (Table 1).

NRF2 levels were significantly lower in the control group com-
pared to the other groups. Furthermore, levels in the 1/320
group were statistically significantly lower than those in the
1/160 and 1/640 groups, and neopterin levels in the 1/160
group showed a statistically significant difference compared
to the 1/320 and 1/640 groups (p<0.05; Table 1; Fig. 3).

Table 1. Comparison of clinical measurement values among study groups

1/160 1/320 1/640 Control p
MeantSD Median MeantSD Median MeantSD Median MeantSD Median
Age 45.20+18.24 47.00 40.17£14.95 38.00 42.80+17.16 42.00 40.70£13.91 39.50 0.706
HO-1 (ng/mL) 15.27+2.52 14.312 23.14+2.81 22.77° 42.01+£8.65 41.65¢ 3.96+1.55 3.554 <0.001
NRF2 (ng/mL) 72.74+35.99 90.74° 73.85+5.66 71.86° 87.48+11.27 90.79° 23.20+7.22 23.23¢ <0.001
Neopterin (nmol/L) 9.03+£1.65 8.76° 14.66+2.00 14.88° 17.60+£2.94 17.95° 1.61£0.70 1.66¢ <0.001

bed: Kruskal Wallis Test, Chi-Square Test, Bonferroni Method. The study did not identify a significant correlation between group and gender. Furthermore, there were no significant

age differences among the groups. (Fig.1). SD: Standard deviation.
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Figure 3. NRF2 levels in the study groups (means +/- standart deviation).

Figure 4. Neopterin Levels in the study groups (means +/- standart deviation).

Neopterin measurement levels were ranked from lowest to
highest as follows: Control, 1/160, 1/320, and 1/640 (Fig 4; Ta-
ble 2). Relationships between variables were examined within
each group. As a result of the study, a moderate, negative, and
significant correlation was found between HO-1 (ng/mL) and
NRF2 (ng/mL) in the 1/160 titer group (r=—0.407; p<0.05). In
addition, a low, positive, and significant correlation was found
between HO-1 (ng/mL) and neopterin (nmol/L) measurements
in the control group (r=0.368; p<0.05) (Table 2).

Discussion

The most important feature of Brucella is its ability to survive
and multiply in both phagocytic and non-phagocytic cells
[17]. While the findings of this study provide important in-
formation, some diagnostic limitations exist. The inability to
confirm the diagnosis of brucellosis with PCR or culture, and
the inadequacy of serological tests alone, reduced diagnostic
certainty and limited the interpretability of the results. Acti-
vation of antioxidant response elements is primarily achieved
through the modulation of proteins and enzymes that com-

bat inflammation and oxidative stress. NRF2 is typically de-
graded via the ubiquitin—proteasome pathway [18]. When
the body is exposed to inflammation or oxidative stress, NRF2
is phosphorylated and transported to the nucleus, contrib-
uting to the body’s antioxidant mechanisms and leading to
the transcription of proteins and antioxidant enzymes. These
compounds can be regulated to provide protection against
oxidative stress [19].

The autonomic nervous system helps restore homeostasis
through inflammation and oxidative stress, triggering synaps-
es as a secondary effect. Ngo et al. [20] suggested that NRF2
is a well-known regulator of oxidative stress and that lovasta-
tin (UEI) provides protection against acute viral myocarditis
through NRF2 activation; NRF2 can be activated by immune
and inflammatory processes. Although there is a lack of cor-
relation between Brucella antibody titers and the clinical pic-
ture of brucellosis [21], to our knowledge, there is no clinical
study in the literature that directly measures the relationship
between NRF2/HO-1 and neopterin levels with serological
titers (e.g., 1/160 and above) in brucellosis [21]. Significant
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Table 2. Correlation of clinical measurements within the groups

(HMOX1) ng/mL NRF2 (ng/mL) Neopterin
(nmol/L)
(HO-1) ng/mL 1.000 -0.407* 0.092
. 0.026 0.640
NRF2 (ng/mL) -0.311 1.000 -0.031
0.108 . 0.875
Neopterin (nmol/L) 0.092 -0.031 1.000
0.640 0.875 .
(HO-1) ng/mL 1.000 0.092 -0.027
. 0.628 0.888
NRF2 (ng/mL) 0.092 1.000 0.192
0.628 . 0310
Neopterin (nmol/L) -0.027 0.192 1.000
0.888 0.310 .
(HO-1) ng/mL 1.000 -0.058 -0.126
. 0.765 0.514
NRF2 (ng/mL) -0.058 1.000 0.160
0.765 . 0.408
Neopterin (nmol/L) -0.126 0.160 1.000
0.514 0.408 .
(HO-1) ng/mL 1.000 0.028 0.368*
. 0.884 0.046
NRF2 (ng/mL) 0.028 1.000 0.003
0.884 . 0.986
Neopterin (nmol/L) 0.368* 0.003 1.000
0.046 0.986

changes were observed in NRF2, NO, and neopterin levels in
brucellosis patients at different antibody titers (1/160, 1/320,
and 1/640) (p<0.05; Table 1; Fig. 3). NRF2/HO-1, on the other
hand, is involved in the cellular oxidative stress response and
the anti-inflammatory response of tissues. There is a clear rela-
tionship between increased NRF2 levels and an increased im-
mune response [22]. Our study showed a positive correlation
between increased immune response and increased NRF2 lev-
els (Table 1). Activation of the NRF2 signaling pathway can pre-
vent oxidation by reducing the production of free radicals and
decreasing oxidative damage in the myocardium [23]. Accord-
ing to some research findings, NRF2 has been shown to reduce
cell damage and oxidative stress and to exhibit an anti-inflam-
matory function that suppresses tumor formation [24].

Neopterin is a biochemical marker associated with cell-medi-
ated immunity. Serum neopterin levels indicate the activation
phase of the cellular immune system, which is important in
the pathogenesis and progression of various diseases, and
elevated neopterin levels have been detected before the on-
set of clinical symptoms [25]. Skogmar et al. [26] conducted a
study on serum neopterin concentrations before, during, and
after antituberculosis treatment in patients with tuberculo-
sis. Michalak et al. [27] showed that urinary neopterin levels
were significantly higher in patients with active tuberculosis
compared to latently infected individuals. Chauvin et al. [28]

demonstrated that high neopterin levels were a strong in-
dependent predictor of cardiovascular events. Thomas et al.
[29] measured neopterin levels in a small cohort of 20 influ-
enza patients and found that 80% of the patients had levels
above the upper limit of normal at symptom onset (within 48
hours). Furthermore, a rapid decrease in neopterin levels was
observed during recovery between days 5 and 14, with levels
returning to normal after day 14. In our study, neopterin levels
showed a statistically significant difference between brucel-
losis patients (1/160, 1/320, and 1/640) and healthy controls
(p<0.05; Table 1; Fig. 4). These results suggest that neopterin,
a biomarker of immune activation, has an anti-inflammatory
effect and can provide insight into disease severity and the
healing process as an indicator of immune response [30]. The
studies mentioned above show that neopterin reduces oxida-
tive stress in various diseases. Neopterin levels can therefore
be used to assess disease activity and response to treatment.

HO-1 is considered a primary protein and cytoprotective
mechanism involved in diseases caused by oxidative and in-
flammatory damage. It acts as a catalyst for reactions involv-
ing heme, pro-oxidants, and free radicals with an iron atom
at the center and has been shown to have antitumor effects
[31]. Due to its antioxidant and genome-protective activities,
HO-1 may have protective effects against carcinogens and
reduce the likelihood of tumor formation [32]. One study in-
vestigated the beneficial effects of reducing microglial HO-1
in aged mice exposed to an inflammatory challenge and iden-
tified reduced iron accumulation in the brain as a key mech-
anism. This finding suggests that HO-1 induction is benefi-
cial due to its antioxidant and anti-inflammatory properties
[33]. Another study evaluated the role of HMOX1 in Brucella
infection and demonstrated that it induces HO-1 expression
in macrophages. When HO-1 is deactivated or its activity is
inhibited, the intracellular growth of Brucella is significantly
reduced [34, 35]. In our study, statistically significant differ-
ences were observed in HO-1 levels in the serum of brucellosis
patients at titers of 1/160, 1/320, and 1/640 compared with
healthy controls (p<0.05; Table 1). Based on the relationship
between titers and antigen-antibody levels, higher heme oxy-
genase levels were found in the 1/640 titer group compared to
the other groups. These results were thought to be related to
oxidative and inflammatory factors. Ojeda et al. [11] showed
that HO-1 activation is reduced in brucellosis patients and that
enzyme levels are related to disease severity.

Limitations

The limitation of our study is that the diagnosis of brucellosis
was made according to clinical and serological findings, and
confirmatory culture positivity and PCR tests were not per-
formed. However, further studies may be conducted in the
future that could contribute to the diagnosis and treatment
of the disease. Another limitation is the small number of pa-
tients. Increasing the number of patients and control groups
to improve the reliability of the study could eliminate this lim-
itation and yield more reliable data.
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Conclusion

Antibody titers are one of the measures of the systemic hu-
moral immune response to brucellosis. NRF2/HO-1 and
neopterin levels increase with increasing antibody titers. Th-
ese biomarkers are related to cellular oxidative stress and the
anti-inflammatory responses of tissues. They indicate an im-
mune response system that reduces oxidative stress and ex-
hibits anti-inflammatory effects against brucellosis and may
serve as potential biomarkers for clinical brucellosis outcomes
instead of antibodly titers.
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