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ABSTRACT

The clinical presentation of brucellosis may range from subacute to acute or chronic,
necessitating extensive tests for a diagnosis. This disease is endemic to Irag, which brings
difficulty in interpreting test data. This study’s overarching goal was to develop a diagnostic
tool that could aid the immune system’s ability to recognize this illness by taking advantage
of the variations in interferon-y. Comparison research was carried out at Anbar Teaching
Hospital from October 2022 to September 2023. Eighty-six blood samples from 43 positive
Rose Bengal test and 43 control cases were collected in the outpatient infectious clinic.
Memory T-lymphocytes create IgM and 1gG antibodies, culture, polymerase chain reaction,
and interferon-y that are specific to the Brucella antigen. The patients who tested positive
came from several communities in the Anbar area and had signs and symptoms of
Brucellosis that were later validated using a polymerase chain reaction. For the examined
samples, the interferon-y immunological assay demonstrated a sensitivity of 79.2% and a
specificity of 100%. Meanwhile, PCR had a sensitivity of 89.3% and a specificity of 100%.
For Brucella-specific 1gG, the sensitivity was 21.4% and the specificity was 100%. The
sensitivity and specificity of other laboratory studies, such as Brucella-specific IgM, were
100%, although Brucella culture was positive in just one instance. Compared with Brucella-
specific 1gG, the persistently high levels of interferon-y in chronic brucellosis may be more
helpful for patients undergoing follow-up treatment after acute episodes of low-grade fever.

Introduction:

Interferon gamma (INF-y) has the potential to be
used as an indicator of inflammation due to its role in
immunology, which ensures the host’s survival and the
perpetuation of this ongoing infectious condition. IFN-y
production is caused by brucella parts, such as lipid A,
being able to interact with Toll-like receptors to make
IL-12 and TNF-a [1]. Brucellosis presents challenges
due to its nonspecific symptoms, which can resemble
those of other viral illnesses [1,2]. Some of these
symptoms include fever, sweating, malaise, and
arthralgia, which may not be conclusive for a clinical
diagnosis due to their similarity to other illnesses. In
addition, serological testing might not differentiate
among acute, chronic, or relapsed cases of brucellosis
[3,4,5].
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The primary stage of Brucella infection, known as acute
brucellosis, manifests with symptoms such as low-grade
fever, perspiration, lethargy, loss of appetite, headache,
muscle, and joint pain. Diagnosis may be challenging
because these symptoms resemble those of other
infectious diseases. Individuals who come in contact
with Brucella bacteria through handling diseased
animals or consuming contaminated meat are at risk of
contracting this disease. Inadequate management of
acute brucellosis can lead to worsening symptoms and
the development of chronic brucellosis, which affects
multiple organ systems [5]. Important markers for the
diagnosis of acute brucellosis include C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), and white
blood cell (WBC) count [7; 8; 9]. Elevated CRP level
and ESR may indicate an inflammatory response to
brucellosis or another infection (among many other
possible causes) [9], with patients with acute brucellosis
having higher levels than healthy controls. Although
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CRP is not a reliable indicator of septicemia on its own,
it can be useful in identifying bacterial infections. Acute
brucellosis is characterized by an increased WBC count.
Infection may trigger neutrophilia [9;10]. To fight off
the invading Brucella bacteria, the body could make
additional white blood cells. Also known as neutrophils
acting as the first line of defense against infections,
white blood cells could increase in number. Neutrophils
are essential when fighting off bacterial infections, such
as brucellosis. However, acute brucellosis may cause a
drop in lymphocytes, another kind of white blood cell.
Lymphocytes may migrate from the healthy tissues and
organs in the body to the sick ones, which might explain
this decrease. One possible immunological response to
brucellosis is an increase in monocytes, the cells that
help phagocytose pathogens [11]. During acute
brucellosis, the blood cell count may slightly increase.
However, standard or specific WBC alone is not
sufficient for diagnosing acute brucellosis. Other clinical
and laboratory information alongside the WBC count
must be evaluated [11]. Many tests can give positive
results for brucellosis, including Rose Bengal tests,
polymerase chain reaction (PCR) tests, and Brucella-
specific IgM tests (positive), and Brucella-specific 19gG
tests (negative) [12]. Chronic brucellosis is a prolonged
bacterial infection characterized by persistent flu-like
symptoms such as fever, lethargy, and joint discomfort.
Its detection and treatment may require considerable
time, often necessitating prolonged antibiotic therapy
[13]. Inflammatory responses to prolonged infections
can lead to elevated CRP level and ESR. The
seriousness of the sickness may not consistently align
with these levels, as they can fluctuate greatly from
person to person.

The WBC count can fluctuate widely in individuals with
chronic brucellosis, sometimes remaining within normal
levels or displaying a slight rise, resembling acute
brucellosis. Therefore, relying solely on the WBC count
for diagnosing chronic brucellosis is impractical.
Positive results are obtained from the Rose Bengal test,
PCR, and Brucella-specific 1gG tests, and the Brucella-
specific IgM test returns negative results [12].

Stemming from different Brucella species, brucellosis
can manifest as either a low-grade fever or a milder form
known as subacute brucellosis. Less pronounced
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symptoms such as low body temperature, fatigue, joint
pain, or muscle aches may occur, presenting
nonspecifically and mirroring other conditions and
thereby complicating diagnosis [14]. The CRP level in
subacute brucellosis may fluctuate among patients and
throughout various phases of the illness. The chronic
low-grade inflammation typical of this condition can
lead to either slightly raised or within the normal range
of CRP level [15]. The WBC count can fluctuate among
individuals and throughout various stages of illness. In
subacute brucellosis, the WBC count might appear
within the normal range or be slightly elevated.
Although the ESR generally stays within typical levels,
it may demonstrate a notable increase in specific
instances. Relapse is characterized by the return of
symptoms and acute brucellosis indicators after a brief
period of relief and can occur even after effective
antibiotic therapy. This phenomenon can be attributed to
many variables, one of which is the persistence of the
Brucella bacteria in certain bodily tissues. Another is the
development of tiny, localized abscesses, which may
house the bacteria. Brucella may live within host cells
and avoid detection by the immune system, adding to the
risk of recurrence that can happen weeks, months, or
even years after the first infection. Relapse symptoms
might include systemic indications such as sweating,
undulating fever, exhaustion, arthralgia, and other
comparable symptoms to the acute illness [16]. CRP
levels are commonly increased in patients with relapsing
brucellosis due to the immunological response.
Although the WBC count varies from patient to patient
and illness to infection, it is always increased in
recurrent brucellosis [12] and plays an important role in
the immunological response. Brucella-specific IgM is
negative, and the Rose Bengal test, PCR, and Brucella-
specific 1gG are all positive [17].

Material and Method

Cases with a history of acute brucellosis were
screened for using a Rose Bengal test, where
agglutination was considered a positive result. The
following steps were taken to transfer 4 ml of the
patient’s whole blood to three endotoxin-free
heparinized tubes to detect INF-y:

a. (P): Positive control Mitogen tubes 1 ml
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b. (B): Negative or background patient tubes 2 ml

c. (Ag): Brucella antigen stimulation tube 1 ml

In brief, 50 ul of the calibrated mixed antigen of
Brucella abortus, Brucella melitensis, and Brucella suis
were added to the tube (Ag). Tube (P) was already
coated with the mitogen phytohemagglutinin for
maximum T-cell activation to produce the highest level
of INF-y as a control positive maximum. Nothing was
added to the patient’s blood in the tube (B) to gain the
minimal level of INF-y that already exists in the
patient’s blood.

The optimal immune response and avoidance of
prozone were achieved by performing a series of
dilutional experiments with the Brucella antigen. A 20
pg/ml concentration of Brucella antigen in 150 ml was
the optimal concentration for the study. The same
amount of silver was added to the test tube.

Before being promptly placed in an incubator set
at 37 °C, the tubes were delicately mixed by flipping
them at least five times. Reincubation was carried out
for a further 18-20 hours at 37 °C after a remix that was
performed 1 hour after incubation. The tubes were spun
in a centrifuge at 2000-3000 x g for 10 minutes the next
day to isolate the plasma from the red blood cells
(RBCs). The obtained plasma was appropriately labeled.
Half a milliliter of diluent assay solution was added to
each tube’s plasma in an ELISA plate well. The liquids
were gently mixed after an incubation time of 55
minutes at 37 °C. After incubation, the wells were
washed using 300 pl of buffer solution and then
reincubated for 55 minutes after adding 50 pl of
horseradish peroxidase. After being washed five more
times with 300 ml of buffer solution, the cells were
added with 100 ul of 3,3’,5,5'-tetramethylbenzidine and
allowed to stand in the dark for 25 minutes. The last step
was to add 100 pl of a stop solution. The concentration
at 450 nm was measured in contrast to 620 nm using an
ELISA reader (OD).

Table (1) Sequence of size PCR primer and molecular size
of PCR products

Primers Sequence

Gene

F 5'-GAGGCAGCAGTGGGGAATATT-3'

16SRNA

R 5'-GCCCAGTAAATCCGAACAACG-3

Journal of University of Anbar for Pure Science (JUAPS)

18

Open Access

Table 1 shows the sequence of PCR primers and
molecular size of PCR products supplied as a
lyophilized product of different concentrations of
picomole by the Promega Company and created using
data from the National Center for Biotechnology. The
sequences used in the investigation for (16rRNA). The
infected patients’ blood samples were tested for the
presence of the Brucella genome using these primers.

Results and Discussion

Analysis (Table 2) showed no significant
relationship between the IGRA test results and the
clinical symptoms of patients with brucellosis including
fever in all patients (N= 24), headache (N= 21), and
joint pain (N= 9) with P= 0.170. A significant
relationship was found between the IGRA test results
and the type of brucellosis, which included N= 18
chronic cases, N= 5 subacute cases, and N= 1 acute on
chronic with P= 0.361. Significant difference was also
observed among the results of IGRA test, Rose Bengal
test, ELISA-IgG test, and PCR test. A positive sample
(N=24) was found for the Rose Bengal test, and positive
(N=1) and negative sample samples (N= 23) were found
with ELISA-IgG ELISA (P=0.997). PCR test results
showed the presence of positive (N= 22) and negative
(N=2) e samples (P= 0.590). This finding indicates that
the interferon-gamma is positive in all chronic cases of
brucellosis including the subacute, and the acute on
chronic brucellosis.

The World Health Organization reports that the
actual number of patients with brucellosis is 10-20 times
greater than the number of cases recorded. This
phenomenon makes it difficult to rely on the Rose
Bengal test for diagnosis, even after raising the titer of
positivity to 1/160, particularly in an endemic nation
such as Irag. For chronic brucellosis, the Rose Bengal
test came back positive in all four severe cases [18]
because it does not work with all antibodies for
brucellosis and reacts with other tests. Similar to the
traditional tube method (Writer's test) not useful in a
country such as Iraq where the disease is common [19].

Table (2): Results of the IGRA test percent difference and its
relationship to the clinical signs of brucellosis

| Clinical signs

| IGRA test results
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| No Mean+SD
Yes 24 0.188+0.075
Fever No - -
P value -
Yes 21 0.184+0.074
Headache No 3 0.210+0.100
P value 0.594
Yes 9 0.215+0.081
Joint pain No 15 0.171+0.069
P value 0.170
Subacute 5 0.144+0.093
Chronic 18 0.200+0.070
Brucella type Acute on Chronic 1 0.188+
P value 0.361
Positive 24 0.188+0.075
Rose Bengal Negative - -
P value -
Positive 19 0.199+0.068
IGRA test final Negative 5 0.144+0.093
P value 0.151
<1.0u 1 0.196+
1.0--- 3 0.161+0.054
2.0--- 4 0.175+0.089
3.0--- 4 0.226+0.117
4.0--- - -
5.0--- 8 0.179+0.067
ELIZA19G 6.0--- 2 0.1460.034
7.0--- 1 0.310+
8.0--- 0 -
9.0--- 0 -
=>10.0u 1 0.188+
P value 0.735
Positive (=>9.9995) 1 0.188+
ELIZA IgG Negative (<9.9995) 23 0.188+0.077
P value 0.997
Positive 22 0.185+0.073
PCR Negative 2 0.216+0.133
P value 0.590

#Significant difference between two independent means using
Students-t-test at 0.05 level

ASignificant difference among more than two independent means
using ANOVA-test at 0.05 level

represents the clinical types of 24 patients with
brucellosis (Figure 1), including subacute, chronic, and
acute on chronic types classified based on the
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characteristics of the symptoms and the duration and
severity of the infection.

The data showed variation in the types of
infection for patients with brucellosis. The chronic type
developed in more than half of the cases (N=18; 75.0%)
whose symptoms lasted more than a year. Some
subacute cases were discovered (N=5; 20.8%) who were
asymptomatic or with mild symptoms, and one case
(4.2%) of the acute on chronic type was recorded. A
week after an acute infection, Brucella-specific IgM
develops and stays positive long after the acute case has
healed. It also has a good effect on chronic instances.
This finding was later accepted, rendering the test
useless for distinguishing between the various clinical
manifestations of persistent brucellosis [20]. The
Brucella-specific 1gG test indicated a positive result in
the initial infection and the subsequent recurrence.
However, distinguishing between the disease's
development and reversal would still require two tests.
Having a positive Brucella-specific 1gG result is
considered a strategy to start managing brucellosis [21].

B Per...

> 75.0
80 \/
60 1
40
20 {
0
Subtle Chronic Acute on
Chronic

Figure(1)Types of infection for patients with brucellosis

Molecular Diagnosis

A molecular diagnosis was performed using a
PCR (Figure 2) amplification program to detect
16SrRNA genes for 28 blood samples isolated from the
patients suspected of brucellosis and 15 blood samples
from the control group.

Brucella abortus was identified in the blood
samples using specific primers (L6SrRNA) amplified by
PCR that produced 200 bp amplicons (Figure 2). PCR
came back positive for all four clinical entities, raising
the question of whether it is identifying dead or living
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bacterial genomes, which is particularly problematic in
situations of post-acute and subacute infection. None of
the four clinical entities could be distinguished using this
test [22].

Given that memory T-cells only last about 120
days (as opposed to memory B-cells’ 4- to 10-year
lifespans), monitoring their activity is the best way to
prove chronic brucellosis. In particular, Brucella causes
cell-mediated inflammation via INF-y generation [23]. A
test such as the QuantiFERON gamma immunological
assay for tuberculosis [24] can be used to make sure that
memory T-cells are activated in all cases of chronic
brucellosis. The patient may still need treatment because
the immune system is actively fighting the infection
even after symptoms have subsided [23]. This finding
also clarifies the PCR results, which indicated the
presence of bacterial genomes in the blood.

Figure (2) PCR amplification of blood samples from
patients suspected of brucellosis using the primer (16S
rRNA)

Conclusion

The development of functional memory B-cells is
responsible for Brucella-specific 1gG and shows that the
person has been vaccinated against the disease. In cases
of relapse, re-infection, or localized chronic infections,
these cells may also aid in the detection of acute or
chronic inflammatory responses to the bacteria. Testing
the memory T-cells’ performance may provide an
overall picture of the bacterium’s presence as persistent
inflammation to help follow the pathophysiology of the
illness. This finding might alter our perspective on
brucellosis care by establishing a treatment regimen that
should be continued until the precise INF-y level reaches
zero. The results will also aid in distinguishing between
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pyrexia with vague symptoms and other generalized
causes of this condition.
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