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Abstract:

Background: Brucellosis, caused by the intracellular pathogens brucellae, is one of the most prevalent
bacterial zoonosis of worldwide distribution. The disease is highly prevalent in East Mediterranean region.
Cytokines are key players in protection against brucellosis, mediating both innate and adaptive immune
responses.

Objective: The aims of this study are exploration the association of anti-brucella IgM and IgG antibody
with the detection of circulatory IL-17, IL-18 and INF-y.

Patients and method: A total of 55 patients who were clinically suspected as having brucellosis were
included as patients group and 35 apparently healthy individuals as control group. The highest age range
was 20-29 years. The mean + SD and the age range of the patients and control groups were 29.8 +10.1 (15-
59) and 33.8 £ 11.0 (18-58) years respectively. 20% of patients were males and 80% were females, while,
37.1 % of controls were males and 62.9% were females. The study groups were allocated from Baquba
Teaching Hospital and some Healthcare Centers. A questionnaire form was preconstructed including socio-
demographic and clinical information. Blood samples were collected from both study groups, sera were
separated and submitted for slide agglutination (Rose Benal) test (Spin-React, Spain), Anti-Brucella IgM
and IgG (Demeditec - Germany) as well as for detection of serum Interleukin-17, Interleukin-18, and
Interferon —y (My biosource -USA). Human privacy was respected by obtaining verbal consent from all
participants. Statistical analysis was done using SPSS version 25 and p values < 0.05 were considered
significant.

Results: primarily, the clinical signs are highly associated in brucellosis patients. Moreover, consumption
of milk and meat, intrafamilial clustering of cases and disease history are associated with brucellosis. The
results found that 18 (32.7%) of the patients and 2 (5.7%) of the control were positive for anti-brucella IgM
with statistically significant difference (P= 0.003). The anti-brucella IgG positivity rate among patients was
31(56.4%) while that of the control group was 4 (11.4%), with statistically significant difference (P=
0.0001). The IL-17 positivity rate among brucella patients was 32(58.2%) versus 15 (42.9%) among
controls, with statistically insignificant difference (P= 0.156). the IL-18 positivity rate among patients was
27(49.1%) which is insignificantly higher than that of controls 11(31.4%), (P= 0.098). The positivity rate of
INF-y in patient group was 52(94.5%) which is highly significant compared to controls 12(34.3%), (P=
0.0001). The IL-17 and INF-y were higher among IgM positive patients while the IL-18 was significantly
higher among patients with IgG positivity.

Conclusion: Patients with acute brucellosis had higher Iinterleukin-17, and interferon-y positivity, while
the IL-18 was highly associated in patients with persistent brucellosis.
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Introduction:

Brucellosis is a zoonotic and contagious bacterial infectious disease caused by the genus brucella.
There are 10 species of brucella that have been classified on the basis of primary host specificity,
biochemical characteristics, and antigenic component. B. melitensis and B. abortus as the two most
common brucellae that cause human infection in East Mediterranean region (Elfaki et al., 2005). Brucella
has the propensity to localize inside macrophages of the liver, spleen, bone marrow, uterus, heart, and brain
with protean clinical manifestations (Mantur et al., 2006). The successful intracellular stealthy lifestyle has
evolved through multiple strategies to evade immune response mechanisms, obligate the host cells to form
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a microenvironment conducive to its survival, reproduction and survive in the host cells for a long time,
which eventually leads to the formation of chronic persistent infection (Ahmed et al., 2016; Jiao et al.,
2021). The intra- macrophages existence of brucellae represents one of the strategies for consequent
alterations in both innate and adaptive immune responses (Elfaki et al., 2015).

Cytokines are key players in protection against brucellosis, mediating both innate and adaptive
immune responses. IL-12 produced by B cells and macrophages leads to a Thl response and induction of
interferon-y, which activates macrophages (de Figueiredo et al., 2015). The early IL-10 production by
CD25+ CD4+ T cells modulates macrophage function and contributes to an initial balance between pro-
inflammatory and anti-inflammatory cytokines that is beneficial to the pathogen, thereby promoting
bacterial survival and persistent infection (Xavier et al., 2013). Experimentally, the levels of granulocyte-
macrophage colony-stimulating factor (GM-CSF), IFN-y, IL-12, and tumor necrosis factor alpha (TNF-a)
were elevated in B. abortus infections, especially for IFN- v, with greater pathological changes in the liver,
while the IL-10 level was lower and the levels of IL-1pB, IL-4, IL-5, and IL-6 were slightly changed
(Wenpeng et al., 2013). The key function played by IFN-y-producing Th1 CD4+ T cells in the control of B.
melitensis infection, whereas IFN-y-producing CD8+ T cells or B cell-mediated humoral immunity plays
only a modest role in the clearance of bacteria during primary infection. In the presence of a Thl response,
Th2 or Th17 responses do not really develop or play a positive or negative role during the course of B.
melitensis infection (Vitry et al., 2012). On the other hand, it has been demonstrate that IL-10 modulates
the proinflammatory immune response to B. abortus infection leads to bacterial clearance which was
preceded by an enhanced IFN-y, TNF-a and IL-17 responses in both the serum and the spleen.
Additionally, dendritic cells from produced elevated levels of IL-12 and TNF-a (Corsetti et al., 2013).

The Th17 cells, a distinct subset of CD4+ T cells, produce various cytokines, namely IL-17, IL-6,
IL-9, IL-21, 1L-22, IL-23, IL-26, GM-CSF, MIP-2, monocyte chemoattractant protein-1 and TNF-a. The
IL-17 family, is an important inflammatory cytokine, playing principal roles in both innate and adaptive
immunities (Bedoya et al., 2013; Isailovic et al., 2015). The role of IL-17 was differentially relevant with
respect to brucella species. IL-17-producing cells, found in the lamina propria, play an essential role against
microorganisms infecting the gastrointestinal tract. Its production has also been observed in the lung and
oral cavity mucosa (Marks and Craft, 2009). IL-17 is among critical determinants of risk, severity or
protection of infectious diseases (Park et al., 2005). As the balance between Thl and Th2 cytokines can
cause resistance or susceptibility to infection with brucella species, Thl cytokines inducing resistance,
whereas Th2 cytokines cause predisposition to brucellosis (Gaffen, 2008; Romagnani, 2008). Furthermore,
the role that IL-17 plays in the protection against brucellosis induced by vaccination in the intestinal
mucosa (Pasquevich et al., 2011).

The IL-18 is produced mainly by macrophages. It is a proinflammatory cytokine that
facilitates type 1 responses. Together with IL-12, it induces cell-mediated immunity following infection.
Together with IL12 acts on CD4, CD8 T cells and NK cells to induce IFN-y production (Yasuda et al.,
2019). Experimentally, it has been found that combined inoculation of IL-12 and IL-18 reduced the
number of B. abortus in the spleen and that the effect of the treatment was mediated by an increased
capability of spleen cells to produce INF- y at the early phase of infection (Pasquali et al., 2002).
Conversely, once the infection was established, B. abortus selectively limits IL-18 secretion without
affecting endogenous IFN- y production (Fernandez-Lago et al., 2005).

Patients and Method:

A total of 55 patients who were clinically suspected as having brucellosis and were tested positive
for agglutination (Rose Bengal) test were included as patients group and 35 apparently healthy individuals
were included as control group. In both patient and control groups, the highest age range was 20-29 years.
The mean + SD and the age range of the patients and control groups were 29.8 + 10.1 (15-59) and 33.8 £
11.0 (18-58) years respectively. 20% of patients were males and 80% were females, while, 37.1 % of
controls were males and 62.9% were females. The study groups were allocated from Baquba Teaching
Hospital and some Healthcare Centers. A questionnaire form was preconstructed including socio-
demographic and clinical information. Blood samples were collected from both study groups, sera were
separated and submitted for slide agglutination (Rose Benal) test (Spin-React, Spain), Anti-Brucella IgM
and IgG (Demeditec - Germany) as well as for detection of serum Interleukin-17, Interleukin-18, and
Interferon —y (My biosource -USA). Human privacy was respected by obtaining verbal consent from all
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participants. Statistical analysis was done using SPSS version 25 and p values < 0.05 were considered
significant.
Results:

In both patient and control groups, the highest age range was 20-29 years, 45.5% and 31.4%
respectively. However, the difference between the two groups was statistically insignificant (P= 0.162).
The mean + SD and the age range of the patients and control groups were 29.8+10.1 (15-59) and 33.8+11.0
(18-58) years respectively, with insignificant difference statistically (P=0.078), as shown in table (1).

Table (1): Distribution of age categories in patients and control groups.
Patients Control
Age (Ys) No. % No. % P value
< 20 years 6 109 2 5.7
20---29 25 455 11 314
30---39 17 309 10 28.6 0.162 *
40---49 3 5.5 6 171 ’
> 50 years 4 7.3 6 17.1
Total 55 100% 35 100%
Mean + SD (Range) 29.8 £10.1 (15-59) 33.8 £11.0 (18-58) 0.078 **

*Significant difference between percentages using Pearson Chi-square test (y -test) at 0.05 level.
**Significant difference between two independent means using Students-t-test at 0.05 level.

Table (2) showed that within the patients group, 44 (80%) were female and 11 (20%) were male.
While in control, 22 (62.9%) were female and 13 (37.1%) were male. The difference between the two
groups was statistically insignificant (P=0.073).

Table (2): Distribution of gender in patients and control groups.

Patients Control
Gender No. % No. % P value
Male 11 20.0 13 37.1
Female 44 80.0 22 629 0.073
Total 55 100 35 100

*Significant difference between percentages using Pearson Chi-square test (y -test) at 0.05 level.

Regarding the residence, the results found that there was statistically insignificant difference
between the patients and control groups (P=0.809). The house breeding of productive animals showed that
patients had higher rate of house breeding compared to control, but the difference was failed to reach the
levels of statistical significance (P = 0.099). Concerning the consumption of dairy products and meat, there
was a statistically significant difference between patients and control (P= 0.0001). The intra-familial
transmission of brucellosis other than the index case showed that patient group had higher rate of intra-
familial clustering compared to control (P= 0.045). About the disease history, the recent cases among
patients was significantly higher than that of the control (P=0.0001), as revealed in table (3).

Table (3): study groups variables.

Variabl Patients Control P value
anables No. % No. %
. City 30 545 20 57.1
Residence Village 25 455 15 429 0.809
. Yes 20 364 7 20.0
Home animals No 35 636 73 200 0.099
Copsumptlon of | Yes 50 909 21 60.0 0.0001*
milk and meat No 5 9.1 14 400
Intra-familial Yes 24 43.6 8 229 0.045%*
brucellosis No 31 564 27 77.1 ’
No infection - - 34 97.1
. . %
Disease history =0 0 Fection 44 80.0 1 29 0.0001
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*Significant difference between percentages using Pearson Chi-square test (y -test) at 0.05 level.

Results in table (4) showed that the patients had significantly higher rate of fever (89.1% Vs 11.4), (P=
0.0001). Night sweat (80.0% Vs 6.7%), (P=0.0001). Likewise, the patients had significantly higher rate of
joint pain as compared to control (85.5% Vs 40%), (P=0.0001).

Table (4): Clinical variables among study groups.

Variables Patients Control P value
No. % No. %
Yes 49 89.1 4 114 0.0001*
Fever No 6 109 31 886
. Yes 44 80.0 2 57 0.0001*
Night sweat — 11 200 33 943
Joint oa Yes 47 855 14 400 0.0001*
omtpain g0 g 145 21 600

*Significant difference between percentages using Pearson Chi-square test (y -test) at 0.05 level.

The results of Rose Bengal test showed that all patients were positive for Rose Bengal (100%),
while, only 2(5.7%) of the control were positive with a statistically significant difference (P= 0.0001), table
(5).Table (5): Results of Rose Bengal test among study groups.

Test Patients Control P value
s No. % No. %
Positive 55 100.0 2 5.7 0.0001*
Rose Bengal Negative - - 33 94.3

*Significant difference between percentages using Pearson Chi-square test (y’-test) at 0.05 level.

In table (6), 18 (32.7%) of the patients and 2 (5.7%) of the control were positive for anti-brucella
IgM with statistically significant difference (P= 0.003). The results found that the anti-brucella IgG
positivity rate among patients was 31(56.4%) while that of the control group was 4 (11.4%). the difference
was statistically significant (P=0.0001),

Table (6): Distribution of anti- IgM positivity rate among study groups.

Patients Control P value
logical Mark
Serological Marker No. % No. %
Positive 13 327 2 5.7 0.003*
Anti-IgM
t-8 Negative 37 673 33 943
. Positive 31 564 4 114 0.0001*
Anti-TeG e tive 24 436 31 83.6

*Significant difference between percentages using Pearson Chi-square test (y-test) at 0.05 level.

The IL-17 positivity rate among patients was 32(58.2%) versus s 15 (42.9%)of the controls with a
statistically insignificant difference (P= 0.156). The IL-18 positivity rate among patients was 27(49.1%)
which is higher than that of controls 11(31.4%). However, the difference was failed to reach the level of
statistical significant (P= 0.098). The positivity rate of INF-y in patient group was 52(94.5%) which is
highly significant compared to that of control group 12(34.3%), (P=0.0001) as shown in Table (7).

Table (7): Distribution of Interleukins positivity rate among study groups.

Patients Control P value
Interleukins Marker
No. % No. %
Positive 32 582 15 429
1L-17 _ 0.156
Negative 23 41.8 20 57.1
Positive 27 491 11 314
IL-18 _ 0.098
Negative 28 509 24 68.6
INF-y Positive 52 945 12 343 0.0001*
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*Insignificant difference between percentages using Pearson Chi-square test (3 -test) at 0.05 level

Concerning the IL-17, the results found that 12(37.5%) who were anti-brucella IgM positive were also
positive for IL-17 against 6(26.1%) who were positive for IgM but negative for IL-17. The difference was
statistically insignificant (P= 0.374). Furthermore, 6(22.2%) who were positive for anti-brucella IgM were
also positive for IL-18 versus 12 (42.9%) who were positive for IgM but negative for IL-18. The difference
was statistically insignificant (P= 0.103). Lastly, all 18(34.6%) of those positive for anti-brucella IgM were
positive for INF-y versus 34 (65.4%) who were positive for INF-y but negative for IgM. The difference was
statistically insignificant (P=0.214), table (8).

Table (8): Association of anti-brucella IgM with cytokine variables.

Anti-brucella IgM
Cytokines variables Positive Negative P value
No % No %

.17 Positive 12 375 20 62.5 0.374
Negative 6 26.1 17 739

18 P051t1Ye 6 222 21 778 0.103
Negative 12 429 16 57.1
Positive 18 346 34 654

INF-y . 0.214
Negative - - 3 100.0

*Significant difference between percentages using Pearson Chi-square test (y’-test) at 0.05 level.

The results in table (9) found that 21(65.6%) who were positive for IL-17 were also positive for
IgG against 10(43.5%) who were positive for IgG but negative for IL-17. The difference was insignificant
(P=0.102). The results also found that 12(44.4%) of those positive for IL-18 were also positive for IgG,
while 19(67.9%) were positive for IgG but negative for IL-18. The negativity rate was higher but the
difference was failed to reach the level of statistical significance (P=0.080). Regarding the INF-y, the
results found that 30 (57.7%) who were positive for INF-y were positive to IgG, while 1(33.3%) who were
positive for IgG were negative for INF-y. The difference was insignificant (P= 0.408).

Table (9): Association of anti-brucella IgG with cytokine variables.

Anti-brucella IgG
cytokine variables Positive Negative P value
No %0 No Y

17 Positive 21 65.6 11 344 0.102
Negative 10 435 13 56.5

.18 Positive 12 44 4 15 55.6 0.080
Negative 19 679 9 32.1
Positive 30 57.7 22 423

INF-y . 0.408
Negative 1 333 2 66.7

Significant difference between percentages using Pearson Chi-square test (y*-test) at 0.05 level.

Discussion:

Undoubtedly the importance of the current study is attributed to many aspects; the most
importantly, the high prevalence of brucellosis as an endemic zoonotic disease in both Iraqi population and
domesticated reproductive animals (Shareef, 2006). In this regard it has been reported that human
brucellosis is endemic in most of the ME countries with Syria, Iraq, Saudi Arabia, Turkey, and Iran having
the world’s highest incidence rates (Pappas et al., 2006; Dean, et al., 2012). The annual incidence rate of
human brucellosis in Irag was 2.6/100000 population (Bagheri et al., 2020). On the animal side, It has been
documented that the overall seroprevalence of brucellosis in food-producing animals over a period of 40
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years was 14.14%, including 14.46% for sheep, 12.99% for goats, 11.69% for cattle, and 22.64% for
buffalo with an increment rate of 9 times between 1979 and 2019 (Dahl, 2020).

It is worthy to mention the critical importance of small ruminants in the food supply with their
considerable contribution to the provision of dairy products, meat, wool and hair for Iraqi’s (Maxwell and
Bill, 2008). For this reason, the people were routinely breed such food-producing ruminants in or near their
houses to make benefit of their products. Furthermore, farmers had a custom to slaughter animals by
themselves in their houses whenever they need meat or traditionally during religious or social occasions.
Actually, this explain the higher positivity rate of brucellosis among people who practice home breeding of
such animals in rural and semi urban areas (P= 0.099). These customs which were away from veterinary
supervision are responsible for the significantly higher positivity rate of brucellosis among those
traditionally use raw milk and meat obtained in the current study (P= 0.0001). In addition to consumption
of raw milk and meat, in such home breeding, the farmer or probably members their family are aiding
animals during delivery or abortion without safety precautions. Such high risk practices may responsible
for the significantly higher positivity rate of brucellosis among family members or the clustering of
brucellosis among Iraqi families (P= 0.045). Indeed, this fascinating result obtained in this study is largely
attributed to the complete or partial absence of veterinary services, neglection of brucellosis as an important
endemic zoonotic disease, beside the low health education and low living standard that promote
perpetuation of the disease in Iraqi community (Shareef, 2006; Rossetti et al., 2017).

The successful intracellular stealthy lifestyle of brucellae has evolved through multiple strategies
that maintain its reproduction and survive in the host cells for a long time, which eventually leads to the
formation of chronic persistent infection (Ahmed et al., 2016; Jiao et al., 2021). More precisely, brucellae
behave as a latent infection rather than chronic infection which primarily infects people at different ages,
complete its traditional clinical course and then latently reside in different host cells with the propensity to
reactivate annually causing most probably different clinical syndrome. These facts explain that 20% of
patients included in the current study had repeated attack of brucellosis over the time. The traditional
clinical picture of brucellosis including fever, night sweat and joint pain, are all highly associated (P=
0.0001) in patients who at least reported a new or primary infection. These results are consistent with most
clinical studies conducted locally or elsewhere (Shareef, 2006; Dean et al., 2012; Matthew et al., 2013;
Bagheri et al., 2020).

Rose Bengal rapid test was used as an inclusion criteria for enrollment of patients in this study. It
is well known that Rose Bengal test is so fast, but it has many false-negative results during the chronic
brucellosis (Roushan et al., 2005). Serum agglutination test is the most common acceptable serological
diagnostic test for human brucellosis. Undoubtedly, in endemic areas the use of serum agglutination test
titer > 1:320 is more appropriate. It is necessary to explain that definitive treatment of patients has a
correlation in declining serum agglutination test titers (Roushan et al., 2010). Keeping in this line, the
significantly higher association of anti-brucella IgM (P= 0.003) and anti-brucella IgG (P= 0.0001) among
patients compared to controls are not unusual since the patients were enrolled in this study based on their
Rose-Bengal test positivity. These results are consistent with other local or abroad (Ruiz-Mesa et al., 2005;
Hasanjani and Ebrahimpour, 2015). Indeed, IgM antibodies were the first to appear following infection
and rise gradually during the course of acute infection. In contrast, IgG antibodies appeared later after the
onset of infection (Elfaki et al., 2015). IgG antibodies may persist for many months after the successful
antibiotic therapy. This explains the high seroprevalence of anti-brucella antibodies found in areas of
endemicity and among individuals who had repeated flare up of brucellosis (Ariza et al., 1992). Moreover,
11 (20%) of patients were appeared to have positive IgM and IgG simultaneously. Such overlapping of IgG
and IgM is atypical characteristic of latent infection, since the IgG antibody was remain in the host body
due to the existence of the pathogen in the body as if it is in dormant state. During reactivation of such
latent infection, the IgM is transiently elevated and decline rapidly followed by four fold increase in the
IgG titers which persist for long period (Thakur et al., 2019).

Regarding the positivity rate of interleukins, only INF-y was found to be significantly higher
among brucellosis patient, while the IL-17 and IL-18 were slightly changed. However, basically, cytokine
levels in acute or chronic brucellosis is a marker of immune response and an indicative marker of severity
of brucellosis (Lin et al., 2020).
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It is worthy to mention that most of the previous studies affirm the elevation of INF-y with its
effective clearance of brucellae through the secretion of IFN-y, IL-2, and TNF-a by T helper 1 cells
(Dornand et al., 2002; Pasquali et al., 2002; Celli, 2006). Since IFN-y-producing Thl CD4+ T cells for the
control of brucella infection, whereas IFN-y-producing CD8+ T cells or B cell-mediated humoral immunity
which plays a role in the clearance of bacteria during primary infection (Wenpeng et al., 2013). Thus the
current result is concordant with other studies which reported a higher levels of IFN-y during brucellosis
(Akbulut et al.,2007; Rodriguez-Zapata et al.,2010). Furthermore, It has been suggest that endogenous IL-
10 promote effector functions of macrophages to control intracellular brucellae with significant increase of
IFN-y and IL-4 and that the production of the Thl cytokine IFN-y during brucella infection is also
associated with a specific 1gG3 and IgG2a response against the lipopolysaccharide antigen (Fernandez-
Lago et al., 1996).

The IL-17 cytokine played a principal roles in both innate and adaptive immunity. So through its
existence in the lamina propria and oral cavity mucosa, it play an essential role against infection through
gastrointestinal tract (Marks and Craft, 2009). Therefore, IL-17 is a critical determinants of risk, severity or
protection against brucellosis although it level decreased in patients at the end of treatment (Park et al.,
2005; Sofian et al., 2016). The present result is consistent with that of (Ghaznavi-Rad et al., 2017) who
reported insignificant increase in IL-17 suggesting that the cytokine production varies in the different
stages of brucellosis.

It has been found that combined inoculation of IL-12 and IL-18 reduced the number of B. abortus
in the spleen and that the effect of the treatment was mediated by an increased capability of spleen cells to
produce INF- vy at the early phase of infection (Pasquali et al., 2002). Conversely, once the infection was
established, B. abortus selectively limits IL-18 secretion without affecting endogenous IFN- y production
(Fernandez-Lago et al., 2005). Similar elevated levels of IL-18 was reported in acute brucellosis (Kayhan et
al., 2016).
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