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Purpose: Human brucellosis is the most common bacterial zoonosis globally that poses
a severe health threat. Despite the availability of antibiotic therapy for human brucellosis, its
tendencies of chronicity and persistence may lead to severe debilitating and disabling
conditions in patients. Comprehensive understanding of the immune response in brucellosis
will be helpful in improving the treatment strategies. In this study, we measured serum levels
of T helper cell type 1 (Thl), Th2, and Th17 cytokines in patients with acute brucellosis
before and after treatment.

Patients and Methods: Overall, 30 patients with acute brucellosis from the Beijing Di Tan
Hospital and 26 healthy controls were enrolled in this study. All the patients received
a 6-week therapy regimen comprising ceftriaxone, doxycycline, and rifampicin. Serum
samples were collected from patients with acute Brucella infection and healthy controls
before and after treatment. Serum seven cytokine levels of Thl (IL-2, IFN-y, and TNF-a),
Th2 (IL-4, IL-6, IL-10), and Th17 (IL-17A) were measured using cytometric bead array.
Results: In patients with acute infection, the IL-2, IFN-y, and IL-10 levels were significantly
increased compared with those in healthy controls (P < 0.001). After treatment, IL-2, IFN-y,
and IL-10 levels significantly decreased (P < 0.05) and the TNF-a level significantly
increased compared with the corresponding baseline levels and those in healthy controls (P
< 0.05). Furthermore, the IFN-y, IL-4, and IL-10 levels were higher in patients after
treatment than in healthy controls (P < 0.05). IL-2 and IL-6 levels exhibited a positive
correlation with the C-reactive protein (CRP) level in acute brucellosis (P < 0.05).
Conclusion: Levels of most serum Th1 and Th2 cytokines were simultaneously increased in
acute infection, followed by reduction in the corresponding cytokine levels and residual
cytokine response during treatment. This residual immune response could represent
a therapeutic opportunity that may improve the long-term clinical outcomes in patients
with acute brucellosis after treatment.
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Introduction

Human brucellosis remains one of the most common zoonoses worldwide and is
a major public health issue in many developing countries.! Because of nonspecific
clinical manifestations, brucellosis is often under-diagnosed and under-reported,
particularly in regions with poor healthcare access.” Furthermore, since human
brucellosis has tendencies of chronicity and persistence, the disease can cause
severe debilitating and disabling conditions in patients, affecting all the organs.’
General principles of the clinical management of brucellosis include prompt and
adequate combination antibiotic therapy. To reduce relapses and chronicity, cur-
rent strategies for brucellosis treatment advocate prolonged duration of treatment
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combined with antibiotic regimens (such as doxycycline
and rifampin) that play a role in the acidic intracellular
environment.* Despite the availability of satisfactory
treatments against brucellosis, treatment failures and
relapses are inevitable to some extent.” Thus, further
studies are urgently needed to develop optimum treatment
regimens to control this disease.

Brucellosis is caused by facultative intracellular bac-
teria belonging to Brucella genus that can survive and
multiply within phagocytic cells. After infecting the host,
the bacteria become lurked in the cells of the reticuloen-
dothelial system and then invade and modulate the host
immune system.® Interaction of Brucella with the human
immune system is critical for infection outcomes,® which
have been the focus of many studies and debates. Host
immune protection against Brucella depends on cell-
mediated immunity, which mainly involves activated anti-
gen-presenting cells (macrophages and dendritic cells),
CD4" T helper cells (Th), and CD8" cytotoxic T cells
(Tc).”® Macrophage antigen presentation and activation
of T-cell proliferation result in differentiation and secretion
of cytokines to harmonise the immune response, thereby
determining pathogen clearance or disease progression.’
Clinical features of human brucellosis are remarkably het-
erogeneous, and infection control is largely dependent on
the host immune status.’

It is well established that the expression of cytokines
is necessary for a normal protective function of the
The
responses of brucellosis have been studied in animal

immune response. characteristics of immune
models and cells.'"”'® Generally, the infection control
and recovery in animals require Thl-type response char-
acterised by the expression of IFN-y and IL-2, whereas
the Th2 response, characterised by IL-4 and IL-10 expres-
sions, determines the susceptibility to experimental infec-
tions with Brucella and poor prognosis.lof13 In human
brucellosis, increasing evidence suggests that infection
induced by Brucella disrupts cytokine expression and
function of the CD4" Th and CD8" cytotoxic T cells and
that infection progression is mainly associated with Th2
cytokines.'®!” In particular, TNF-a, IFN-y, IL-2, and IL-
10 levels are affected during Brucella infection.'®'™!?
Additionally, the level of these cytokine indicates the
status of the immune response and disease progression.
However, the role of Th1/Th2/Th17 cytokines in acute
brucellosis infection and treatment still remains partially

defined or debated.'®2°

In this prospective cohort study, we enrolled 30
patients with acute brucellosis and estimated changes in
the serum levels of seven general Th1/Th2/Th17 cytokines
during treatment by using cytometric bead array (CBA);
healthy controls matched by age and sex were also
included in the study. Furthermore, we followed up the
treated individuals for 6 months. Our aim was to evaluate
the immune response in the early stage of human brucel-
losis and to identify promising candidate biomarkers for
treatment monitoring of this infection.

Patients and Methods
Patient Registration and Selection

Criteria

A total of 30 patients with acute brucellosis were
recruited from the Department of Infectious Disease of
Beijing Ditan Hospital, Capital Medical University, from
April 2018 to May 2019. All the patients were treated
according to the therapeutic regimen comprising cef-
triaxone (at 2 g/day for 2 weeks), doxycycline (at
100 mg twice daily for 6 weeks), and rifampin (at
600-900 mg/day for 6 weeks).?' The diagnosis of
human brucellosis was presumed based on the standard
agglutination test (SAT) titre >1/100 (2+),* relevant
signs and symptoms (including fever, sweating, and
arthralgias), and relevant epidemiological exposure
(including consumption of unpasteurised dairy products
and livestock exposure). A definitive diagnosis of bru-
cellosis was established based on isolation of the genus
Brucella from blood samples, body fluids, or tissues
and/or through the positive serological test. The diag-
nostic criteria and clinical stage of brucellosis were in
strict accordance with the expert consensus issued by
China in 2017 for the diagnosis and treatment of
brucellosis.* Patients whose duration of disease was
less than 6 months were considered as having acute
infection. The exclusion criteria were as follows: 1.
individuals with respiratory insufficiency; autoimmune,
endocrine and metabolic, blood, or nervous system dis-
eases; liver and kidney diseases; or cancer; 2. patients
taking immunosuppressive and immunomodulatory
agents; 3. patients who had received antibiotic treatment
3 months prior to the study; 4. breast-feeding women,;
and 5. individuals aged less than 18 years. Overall, 26
sex- and age-matched healthy controls were enrolled
from the same region as the patients with Brucella

infection.
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Data and Samples Collection

Demographic, clinical, and laboratory characteristics
(including age, gender, Brucella transmission route, symp-
toms and signs, time from symptoms, and diagnostic tests)
were recorded. Serum was separated from blood obtained
from the patients and healthy controls before antibiotic
therapy and at 6 weeks after initiation of treatment. All

serum samples were stored at —80°C until use.

General Inflammatory Marker

Measurements

Circulating levels of C-reactive protein (CRP) were tested
in duplicates by using specific ELISA kits (R&D Systems,
Inc., Minneapolis, USA), according to the manufacturer’s
instructions.”” We measured the white blood cell (WBC)
count and erythrocyte sedimentation rate (ESR) by using
standard laboratory methods.

CBA for the Measurement of Cytokines

The Cytometric Bead Array Human Thl/Th2/Th17
Cytokine kit (BD Bioscience, San Jose, California) was
used to quantitatively measure the 1L-2, 1L-4, IL-6, IL-10,
TNF-0, IFN-y, and IL-17A levels in serum samples, fol-
lowing instruction of the manufacturer.”® Samples were
measured on the BD FACSCalibur Flow Cytometer (BD
Biosciences, San Jose, CA, USA) and data analysis was
performed using BD FCAP ArrayTM Software (BD, US).

Statistical Analysis

Data are expressed as the median value and interquartile
range (IQR). SPSS software 17.0 and GraphPad Prism
were used for statistical analyses. Mann—Whitney U-test
was used to compare the patients and healthy controls.
Wilcoxon paired test was used for comparison between
the observations before and after treatment for the same
individuals. Spearman rank correlation test was used to
quantify the association between Th1/Th2/Th17 cytokine
levels and general inflammatory biomarkers in the
patients. All tests were two-tailed, and P-values <0.05
were considered statistically significant.

Results
Demographic and Clinical Characteristics

of Patients with Acute Brucellosis

The participant characteristics are shown in Table 1.
Overall, 30 patients [21 (70%) men] with acute brucellosis
were included; the average age of the participants was 42

years (range: 21-65 years). We recruited 26 healthy con-
trols [19 (73%) men], with an average age of 44 years
(range: 24—-65 years). No significant difference was found
in terms of sex and age between the patient and healthy
control groups (P > 0.05). The most common symptoms of
the patients were fever (86.67%), sweating (73.33%),
arthralgias (46.67%), and low back pain (46.67%).
Disease duration in all these patients was less than 10
weeks. The positive rate of blood culture was 43.33%
(13/30); the positive rate for the Rose-Bengal test was
100%, and the serum agglutination titre was >1/160 in
all enrolled subjects. In patients with acute brucellosis,
the CRP level and ESR were significantly increased (P <
0.001; Table 2). The healthy controls had negative Rose-
Bengal test and normal inflammatory markers.

All the patients were treated according to the same
antibiotic treatment regimen and followed up every 6
months. After the completion of treatment regimen, all
the patients were clinically cured, as indicated by the
gradual disappearance of symptoms and signs and sig-
nificant decrease in the level of general inflammatory
parameters (P < 0.001; Table 2), which returned to
normal. After 6 months of follow-up, no relapses were
found.

Serum Th1/Th2/Th17 Cytokine Levels in

Untreated Patients with Acute Brucellosis
To identify the serum cytokine expression pattern in
patients with acute brucellosis, we collected serum sam-
ples and measured the concentrations of 7 general Thl/
Th2/Th17 cytokines from 30 patients and 26 healthy con-
trols. As shown in Figure 1 and Table 2, the levels of IL-2,
IFN-y, IL-4, IL-6, and IL-10 were significantly higher in
patients with infection than in healthy controls (P < 0.01),
and differences in the IL-2, IFN-y, and IL-10 levels were
significant (P < 0.001). Additionally, the TNF-o and IL-
17A levels were not markedly different between the
untreated patients and controls (P > 0.05).

Alteration in Serum Thl/Th2/Th17
Cytokine Levels in Patients with Acute

Brucellosis During Treatment

Antibiotic therapy was initiated in all 30 patients with
acute brucellosis, and all of them were re-evaluated 6
weeks later (Figure 1 and Table 2). The CRP level and
ESR were significantly declined after 6 weeks of treatment
compared with those at baseline (P < 0.001). IL-2, IFN-y,
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Table | Characterization of Individuals with Acute Brucellosis and Healthy Controls

Variable Healthy Controls n=26 Acute Brucella Infection n=30
Age (y), (mean [range]) 44 (24-65) 42 (21-65)
Gender (M/F ratio) 1917 21/9
Mode of transmission, no. (%)

Contact with infected animals NA 23 (76.67)
Consumption of unpasteurized dairy products NA 2 (6.67)
Consumption of undercooked meat of sheep NA 3 (10.00)
No obvious history of contact NA 2 (6.67)
Symptoms and signs, no. (%)

Fevers 0 26 (86.67)
Sweating 0 22 (73.33)
Arthralgias 0 14 (46.67)
Low back pain 0 14 (46.67)
Weakness 0 6 (20.00)
Chill 0 8 (26.67)
Headaches 0 1 (3.33)
Dizziness 0 2 (6.67)
Dyspepsia 0 2 (6.67)
Abdominal pain 0 1 (3.33)
cough 0 3 (10.00)
Testicular swelling and pain 0 1 (3.33)
Hepatomegaly 0 1 (3.33)
Time from symptoms, n (%)

<28 days NA 28 (93.33)
28-56 days NA 2 (6.67)
Diagnostic tests, n (%)

Positive Rose-Bengal test 0 30 (100)
Positive Agglutination test (SAT) NA 30 (100)
Positive Blood culture NA 13 (43.33)

Note: The SAT titre = 1/160.
Abbreviations: SAT, serum agglutination test; NA, not available.

and IL-10 levels were decreased during the treatment
compared with the baseline levels, and the differences in
IL-2 (P =0.001), IFN-y (P = 0.003), and IL-10 (P = 0.017)
were significant. The IL-6 level showed a downward trend.
Importantly, a marked increase in the TNF-a level was

noted compared with that at baseline and in healthy con-
trols (P < 0.05). In addition, the IFN-y, IL-4, and IL-10
levels were higher than normal (P < 0.05), whereas the IL-
2, IL-6, and IL-17A levels were normalised after treatment
(P > 0.05).
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Table 2 Serum Thl/Th2/Th17 Cytokine Levels and General Inflammatory Markers in Patients with Acute Brucellosis Pre- and Post-
Treatment and Healthy Controls

Markers Healthy Controls (n = Pre-Treatment (n = 30) | Post-Treatment (n = 30) | P-value (Pre-Treated vs
26) Median (IQR) Median (IQR) Median (IQR) Post-Treated)

cytokines

IL-2 (pg/mL) 16.75 (14.40-18.55) 25.46 (17.65-36.28) ** 17.65 (16.29-20.00) 0.001

IL-4 (pg/mL) 21.08 (19.51-23.39) 24.14 (20.89-27.19) * 22.62 (21.85-25.84) « NS

IL-6 (pg/mL) 22.93 (12.78-38.78) 57.26 (15.69-121.00) ** 28.18 (11.13-163.9) NS

IL-10 (pg/mL) 5.22 (4.038-6.27) 7.13 (5.80-9.68) ** 5.92 (5.22-7.30) * 0.017

TNF-a (pg/mL) 11.06 (7.67-35.98) 9.72 (7.67-20.65) 22.33 (11.77-59.35) * 0.037

IFN-y (pg/mL) 5.22 (4.21-6.43) 10.13 (7.38-15.85) ** 6.67 (5.22-8.19) * 0.003

IL-17A (pg/mL) 17.88 (12.36-25.18) 23.46 (12.88-31.68) 19.98 (15.27-29.74) NS

Inflammatory markers

CRP (mg/L) 0.35 (0.09-1.05) 3.63 (1.79-6.92) ** 0.32 (0.13-0.81) <0.001

ESR (mm/h) 12.90 (8.75-14.13) 35.15 (20.40-44.02) ** 10.65 (7.78-13.30) <0.001

WBC (x10°/L) 5.29 (3.57-5.99) 5.05 (3.59-5.53) 5.25 (3.86-6.02) NS

Notes: Data are presented as median [interquartile range, (IQR)] and analysed using Mann—Whitney U-test or Wilcoxon ranked sum test; *P < 0.05 versus healthy controls;

P < 0.01 versus healthy controls.

Abbreviations: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; NS, no

significance.

Correlation Between Serum Th1/Th2/
Th17 Cytokine Levels and General
Inflammatory Biomarkers in Patients with

Acute Brucellosis

We evaluated the correlation between the levels of seven
cytokines and those of general inflammatory biomarkers
such as CRP, ESR, and WBC in patients with acute bru-
cellosis. The results showed that the serum IL-2 and IL-6
levels correlated significantly with the CRP level during
acute infection (R = 0.5497, P = 0.0017; R = 0.5249, P =
0.0029, respectively) (Figure 2 and Table 3).

Discussion

Changes in the Th1/Th2/Th17 cytokine levels in patients
with acute brucellosis during treatment have been scarcely
investigated. In this study, we measured the levels of seven
Th1/Th2/Th17 cytokines in serum of patients with acute
brucellosis before treatment and after 6 weeks of success-
ful treatment. Levels of most Thl and Th2 cytokines
elevated during acute infection and declined again after
treatment. The TNF-a level significantly increased at 6
weeks after therapy. Finally, the levels of four cytokines,

namely, IFN-y, TNF-a, IL-4, and IL-10, in the treated
patients were still higher than those in healthy controls.
This finding reflected a sustained Thl and Th2 cytokine
response in individuals cured of brucellosis, which may be
potential therapeutic targets for improving long-term clin-
ical outcomes in patients with acute brucellosis after treat-
ment. Notably, the elevated serum IL-2, IFN-y, and IL-10
levels decreased more significantly than those of other
cytokines during treatment in individuals with acute infec-
tion, suggesting that the measurement of serum IL-2, IFN-
v, and IL-10 levels may be helpful in assessment of the
immune status and evaluation of treatment efficiency in
acute brucellosis.

Human brucellosis is a systemic infectious disease,
and the interaction between Brucella and the host defence
systems mainly determines the development of chronic
parasitism or pathogen clearance.® Cell-mediated immune
responses play an essential role in anti-Brucella protec-
tive immunity.” CD4" T lymphocytes are the major
immune regulatory cells in Brucella infection in humans
and animal models”'? and can differentiate into Th1, Th2,
and Thl7 cells

24,2 .
secrete.”**> In recent years, new subsets of immune

depending on the cytokines they
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Figure | Serum IL-2, IFN-y, TNF-q, IL-17A, IL-4, IL-6, and IL-10 levels in patients with brucellosis before and after treatment and in healthy controls. Comparisons of the
level of seven cytokines, including (A) IL-2, (B) IFN-y, (C) TNF-o, (D) IL-17A, (E) IL-4, (F) IL-6, and (G) IL-10 in patients with acute brucellosis before treatment (pre-
treatment) and at 6 weeks after treatment (post-treatment) and healthy controls (HC) (n = 30, 30, and 26, respectively) are shown. Values are expressed in Log,o (pg/mL).
Medians are indicated with horizontal lines. P values were calculated using the Mann—Whitney U-test for differential analysis of controls and patients and the Wilcoxon

matched-pair signed-rank test for comparisons of patients before and after treatment.
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Figure 2 Correlations between selected serum Th1/Th2/Th17 cytokines and CRP. Spearman correlation coefficient (R) was used to evaluate correlations between CRP and
serum IL-2 (A) and IL-6 (B) in patients with acute brucellosis (n=30).
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Table 3 Correlations Between Serum Th1/Th2/Th17 Cytokines
with General Inflammatory Markers in Patients with Acute
Brucellosis (n = 30)

Cytokines CRP ESR WBC
R P R P R P

IL-2 0.550 0.002 | —0.207 | 0.273 | 0.146 0.443
IL-4 —0.603 | 0.741 | —0.260 | 0.165 | 0.210 0.265
IL-6 0.525 0.003 | —0.031 | 0.871 | 0.301 0.106
IL-10 0.308 0.097 | 0.045 0.814 | 0.148 0.435
TNF-a 0.334 0.071 | —0.102 | 0.593 | —0.211 | 0.264
IFN-y 0.111 0.561 | —0.074 | 0.696 | —0.152 | 0.423
IL-17A —0.152 | 0.423 | -0.058 | 0.762 | 0.248 0.186

Notes: R, Spearman correlation coefficient.
Abbreviations: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell.

regulatory cells, namely Th9, Th22, and follicular Th
cells (Tth), have been identified.?® Among the subsets
of CD4" T lymphocytes, Thl cells are known to be
critical for the clearance of Brucella, and Th2 cells are
involved in susceptibility to Brucella and infection
persistence.”®!'® Coordination and balance of cytokines,
particularly in Thl and Th2 immune responses, may con-
tribute to pathogenesis or resistance to Brucella.
Therefore, measurement of these cytokines produced in
the circulatory system may be helpful in evaluating the
degree of immune activation and the extent of immune
response during infection and therapy for treatment mon-
itoring in brucellosis.

In this study, the significantly elevated serum levels of
IFN-y and IL-2 represented a Thl immune pattern in acute
brucellosis. The production of IFN-y has been reported to
be a defence mechanism against Brucella infection in the
murine model.'®!" Our results are consistent with previous
results, indicating that the serum IFN-y levels increase
during acute infection and decline with treatment.” '
IL-2 not only promotes cellular immune response to anti-
gen but also plays pivotal roles in homeostasis of CD4"
T-cell subsets, thereby mediating tolerance and restricting
inappropriate immune reactions.’> Consistent with our
results, a previous study reported that significantly ele-
vated IL-2 levels declined during treatment in acute
brucellosis.>’ TNF-a was established to enhance the
ongoing Th1 response, causing clearance of the pathogen
during Brucella infection.>® Notably, in our patients, the
TNF-a levels were unchanged during acute infection but
significantly elevated during treatment, suggesting the

restoration of protective immune response in hosts in

some way. A previous study reported that the increased
serum TNF-a levels significantly declined in patients fol-
lowing treatment;’' the inconsistencies of these findings
with our finding may be due to differences in the infection
status of patients, therapeutic regimen, and cytokine exam-
ination method. Furthermore, Lin stated that the serum
TNF-a level was elevated in acute brucellosis, which is
inconsistent with the finding of our study; the possible
reason for the inconsistency remains unclear and needs
further evaluation.?’ In addition, the increased levels of
cytokines such as IL-4, IL-6, and IL-10 in the serum of
untreated patients in this study highlighted a simultaneous
Thl and Th2 response, suggesting that the immune
response to Brucella in these patients did not polarise as
in inbred murine models or humans reported in some
studies.'*'®'® This result may support our previous study
results indicating elevated percentages of Thl and Th2
cells in patients with acute brucellosis.'” Th17 cells are
induced by IL-6, IL-21, and TGF-fB, and IL-17A is the
major effector molecule of Th17 cells.** IL-17A is a pro-
inflammatory cytokine that promotes the protective
immune response against bacterial infections but mediates
tissue damage.’*> Reports have shown that pathologies
such as airway remodelling are related to high IL-17A
levels in the serum of patients with pulmonary
tuberculosis.’® Therefore, it seemed that IL-17A may be
related to extensive immunopathological consequences in
intracellular bacterial infection. The change in the serum
IL-17A level was found to be nonsignificant in this study,
which suggested that the patients in our study did not
exhibit tissue damage. This result is inconsistent with
those of two previous studies, which have reported that
the IL-17A level increases in patients during acute
infection."®* In Lin’s study, 46.0% patients with acute
brucellosis had brucellosis arthritis and lumbar disc hyper-
plasia, which may be the major factors for elevation of the
IL-17A level.”” In addition, the difference between the
results of our study and Zheng’s study may be partly
related to the disease duration [shorter time (1-10 weeks)
in our study vs 1-26 weeks in Zhang’s study].'® Thus, our
findings underlined the importance of early diagnosis and
prompt initiation of antibiotic therapy for acute brucello-
sis, although further research is needed to confirm the
present study findings.

In addition to the pro-inflammatory response, the anti-
inflammatory responses were stimulated during acute
Brucella infection in our study. Th2 cytokines such as
IL-4 and IL-6 contribute to B-cell differentiation and
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switching of antibody isotypes due to their anti-
inflammatory mechanisms; in addition, IL-4 plays a role
in suppression of pro-inflammatory and cellular immune
responses, which are associated with impaired protective
immune response.’’>"** Our finding indicating the ele-
vated IL-4 and IL-6 levels in acute brucellosis is consistent
with that of a previous report.>’> Among our patients, the
increase in the level of the anti-inflammatory cytokine IL-
10 was observed in acute infection, which indicated that
IL-10 was induced to ensure homeostasis in patients dur-
ing infection; the finding is consistent with those of pre-
vious studies.?***** Xavier et al reported that a lack of IL-
10 production by T cells resulted in an increased function
to control B. abortus infection while inducing elevated
expression of pro-inflammatory cytokines in a murine

model.'?

Moreover, its ability to resist further pro-
inflammatory responses was supported by reduced levels
of pro-inflammatory cytokines during our patients’ treat-
ment. On the other hand, these mechanisms can cause
defective host immune response and diminished elimina-
tion of the bacteria; however, they could also prevent
excessive immune responses and reduce tissue damage.*’

In this study, we demonstrated that the levels of four
cytokines (the pro-inflammatory cytokines IFN-y and
TNF-a and the anti-inflammatory cytokines IL-4 and IL-
10) were high in patients even after treatment. These
results strongly suggested that the Thl and Th2 cytokine
responses remained after completion of adequate treat-
ment, even though clinical symptoms and signs relatively
disappeared and the CRP level and ESR normalised.
Considering residual monocyte activation reported in our
previous study, we speculate that the residual Thl and Th2
cytokine responses may be related to persistent monocyte/
macrophage activation. Besides, these results are consis-
tent with that of a previous study, which reported that the
serum Thl cytokine levels decreased with treatment but
only partially reverted at follow-up.®' Similar results were
reported in two studies indicating that the Thl response
remained higher within 12 months of treatment in conva-
lescent patients with brucellosis than in controls.'®'" In
addition, among children with brucellosis, Galanakis
found that the increased serum IL-4 levels in the acute
stage were still high during convalescence as compared
with controls, suggesting a residual Th2 activation in
children cured of brucellosis.”” Similarly, residual immune
activation was present in HIV-infected individuals after
HAART-induced HIV suppression, although the level of
several biomarkers of T-cell activation returned to

normal.*>** Moreover, our data revealed that during
acute infection, the serum levels of IL-2 and IL-6 posi-
tively correlated with the acute phase reactant CRP,
a nonspecific indicator for severity of inflammatory
diseases,**** reflecting that IL-2 and IL-6 might be the
candidate biomarkers for disease severity. After treatment,
the correlation between the levels of seven cytokines with
general inflammatory biomarkers was not assessed
because the CRP level and ESR were normalised in the
patients. In addition, we compared the levels of the seven
cytokines and common inflammatory markers between
patients with positive and negative blood culture and no
significant difference was found.

Despite the novel findings of our study, the study has
some limitations. First, our study was mono-centric with
relatively smaller sample size, and the follow-up period
was restricted. Further large multi-centre studies with
longer follow-up period are warranted. Second, we
enrolled only the patients with acute brucellosis in the
current study; we aim to include patients in the subacute

and chronic phases in our further study.

Conclusion

This study demonstrated that the serum levels of most Thl
and Th2 cytokines were significantly high during acute
brucellosis but declined gradually with effective and ade-
quate treatment. Moreover, the serum Thl and Th2 cyto-
kine levels were not normalised despite clinical recovery,
indicating that residual Thl and Th2 cytokine responses
were present in the patients cured of acute brucellosis.
These
a therapeutic opportunity that may improve the long-term

residual immune responses could represent
clinical outcomes in patients with acute brucellosis after
treatment. In addition, the elevated serum IL-2, IFN-y, and
IL-10 levels decreased more significantly than those of
other cytokines during treatment in individuals with
acute brucellosis, suggesting that the measurement of
serum IL-2, IFN-y, and IL-10 levels may be useful for
immune status assessment and monitoring of treatment
responses in acute brucellosis; however, there is a need
for investigations with more follow-up points and larger

numbers of patients to further confirm the point.
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