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Abstract 

Background: Brucellosis poses a serious threat to human and animal health, particularly in developing countries 
such as China. The Inner Mongolia Autonomous Region is one of the most severely brucellosis-endemic provinces 
in China. Currently, the host immune responses functioning to control Brucella infection and development remain 
poorly understood. The aim of this study is to further clarify the key immunity characteristics of diverse stages of bru-
cellosis in Inner Mongolia.

Methods: We collected a total of 733 blood samples from acute (n = 137), chronic (n = 316), inapparent (n = 35), 
recovery (n = 99), and healthy (n = 146) groups from the rural community of Inner Mongolia between 2014 and 2015. 
The proportions of  CD4+,  CD8+, Th1, Th2, and Th17 T cells in peripheral blood and the expression of TLR2 and TLR4 in 
lymphocytes, monocytes and granulocytes were examined using flow cytometry analysis. The differences among the 
five groups were compared using one-way ANOVA and the Kruskal–Wallis method, respectively.

Results: Our results revealed that the proportions of  CD4+ and  CD8+ T cells were significantly different among the 
acute, chronic, recovery, and healthy control groups (P < 0.05), with lower proportions of  CD4+ T cells and a higher 
proportion of  CD8+ T cells in the acute, chronic, and recovery groups. The proportion of Th1 cells in the acute, chronic, 
and inapparent groups was higher than that in the healthy and recovery groups; however, there was no significant 
difference between patients and healthy individuals (P > 0.05). The proportion of Th2 lymphocytes was significantly 
higher in the acute and healthy groups than in the inapparent group (P < 0.05). The proportion of Th17 cells in the 
acute group was significantly higher than that in the healthy control, chronic, and inapparent groups (P < 0.05). Finally, 
the highest expression of TLR4 in lymphocytes, monocytes and granulocytes was observed in the recovery group, 
and this was followed by the acute, chronic, healthy control, and inapparent groups. There was a significant difference 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Yongzhang Zhu, Li Shi and Yige Zeng contributed equally to this work

*Correspondence:  microbiology@sjtu.edu.cn; leoyyf@gmail.com; kyxaa@126.
com

1 School of Global Health, Chinese Center for Tropical Diseases Research, 
Shanghai Jiao Tong University School of Medicine, Shanghai, China
2 Department of Immunogenetics, Institute of Medical Biology, Chinese 
Academy of Medical Sciences & Peking Union Medical College, Kunming, 
China
5 Baotou Municipal Center for Disease Control and Prevention, Baotou, 
Inner Mongolia, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40249-022-00989-7&domain=pdf


Page 2 of 13Zhu et al. Infectious Diseases of Poverty           (2022) 11:63 

Background
Brucellosis is a highly contagious bacterial zoonosis that 
threatens public health worldwide. Brucellosis is caused 
by bacteria of the genus Brucella that is the most impor-
tant zoonotic pathogen [1]. More than 500,000 human 
brucellosis cases have been reported annually worldwide 
[2].

Since 1995, the incidence of human brucellosis has 
sharply increased in China, and the highest recorded 
cases occurred in 2014 [1, 3–5]. In 2019, there were still 
44,036 cases with an incidence of 3.251/100,000 [1]. Cur-
rently, the brucellosis endemic areas have ranged from 
the northern pastureland areas to the southern coastal 
and southwestern areas [1, 3]. The Inner Mongolia 
Autonomous Region is one of the most severely endemic 
provinces in China and accounted for approximately 
40.0% of brucellosis cases in China from 2011 to 2016 [3, 
6]. The total seropositivity and incidence rates of human 
brucellosis among high-risk groups in Inner Mongolia 
during 2010‒2014 were 35.9% and 18.3%, respectively [7].

The occurrence, disease development, and outcomes 
of human brucellosis are complex, and thus, the clinical 
manifestations are also highly diverse. Based on patient 
epidemiological contact history, clinical manifestations, 
and laboratory examination results from serological 
tests and/or positive blood cultures, brucellosis cases 
have been commonly divided into suspected, clinically 
diagnosed, definite diagnosed, and inapparent cases. In 
China, definitively diagnosed cases can be further sub-
divided into acute, sub-acute, and chronic infections 
according to the clinical stage of the disease [8, 9]. How-
ever, until recently, the timely and accurate diagnoses 
of human brucellosis and a universally accepted defini-
tion for complicated brucellosis has continued to pose a 
challenge.

Brucella is a facultative intracellular gram-negative 
coccobacillus. Host responses against Brucella primarily 
depend upon cell-mediated immunity provided by  CD4+ 
and  CD8+ T cells [10–12]. As a subset of  CD4+ T cells, 
Th1 and Th2 cells also play an important role in brucel-
losis. Th1 cells and their cytokines (such as IFN-γ and 
IL-2) act to eliminate bacteria, particularly intracellular 
bacteria [13–16]. Th2 and its cytokine (IL-4) primarily 

induce humoral immunity to resist pathogenic infections 
[17–19]. Th17 cells are different from Th1 and Th2 cells 
that play a central role in the immune response to intra-
cellular bacteria such as Brucella [19, 20]. In addition to 
adaptive immune responses, the innate immune system 
plays an important role in Brucella infection [21]. Toll-
like receptors (TLRs) such as TLR2 and TLR4 located on 
cytokine-producing cells are involved in Brucella recog-
nition by phagocytes to trigger immune responses in dif-
ferent cell types during the early stages of host infection 
[22].

A few studies have reported the association between 
peripheral blood T cell subsets or cytokines and patients 
with brucellosis [18, 19, 23–32]. However, these results 
are inconsistent. In the current study, we focused on 
the characteristics of the immune response and investi-
gated the characteristics of T cell subsets  (CD4+,  CD8+, 
Th1, Th2, and Th17) in patients diagnosed with differ-
ent stages of brucellosis (acute, chronic, inapparent, and 
recovery) and in healthy individuals from a rural commu-
nity in Baotou City, Inner Mongolia, China. Moreover, 
we investigated the expression of TLR2 and TLR4 in lym-
phocytes, monocytes and granulocytes in this popula-
tion. Our results will further broaden our understanding 
of the immune mechanisms that are complicated under-
lying brucellosis.

Methods
Key characteristics of the participants in the five groups
All individuals participating in the current study were 
long-term inhabitants of two counties (Tuyou and Guy-
ang County in Baotou City) within a rural community in 
Inner Mongolia Autonomous Region in China, and these 
participants were primarily engaged in agriculture and 
animal husbandry work. The questionnaires included 
socio-demographic, epidemiologic, symptom, and ther-
apy information collected during face-to-face interviews 
with consenting subjects. The participants with different 
disease stages, which were initially confirmed accord-
ing to the criteria of human brucellosis (WS269-2019) 
issued by the Chinese National Health Commission in 
2019 [8], were further divided into the four groups (acute, 
chronic, inapparent and recovery groups) based on the 

between the recovery group and the other groups, except for the acute group (P < 0.05). Moreover, a correlation in 
TLR4 expression was observed in lymphocytes, monocytes and granulocytes among the five groups (r > 0.5), except 
for the inapparent group between lymphocytes and granulocytes (r = 0.34).

Conclusions: Two key factors  (CD8+ T cells and TLR4) in human immune profiles may closely correlate with the 
progression of brucellosis. The detailed function of TLR4 in the context of a greater number of cell types or tissues in 
human or animal brucellosis and in larger samples should be further explored in the future.

Keywords: Human brucellosis, CD4+ T cells, CD8+ T cells, Th cells, TLR2, TLR4
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epidemiological exposure history, clinical presentations, 
serological tests including rose bengal plate agglutination 
test (RBPT) and serum agglutination test (SAT), holding 
time from the initial diagnosis (acute group ≤ 6 months, 
chronic group > 6  months), and medication history 
(recovery group with confirmed medication history and 
negative RBPT/SAT test results). The detailed demo-
graphic and diagnostic characteristics of the participants 
in the four groups and healthy control group are pre-
sented in Table 1. Blood samples were obtained from all 
participants for full blood cell counts and other labora-
tory examinations.

Reagents
The whole blood cell count and serum alanine ami-
notransferase (ALT) levels were determined using cyto-
chemical staining-based flow cytometry technology 
combined with constant temperature (BC-5390CRP, 
Mindray, China) and radioimmunoassay (Beckman Coul-
ter, AU680, Tokyo, Japan) following the manufacturer’s 
instructions.

The Brucella-specific antibody test was performed 
using RBPT that has been confirmed by standard tube 
agglutination test. Diagnostic reagents were kindly sup-
plied by State Key Laboratory for Infectious Disease Pre-
vention and Control, Collaborative Innovation Center for 
Diagnosis and Treatment of Infectious Diseases, National 
Institute for Communicable Disease Control and Preven-
tion, Chinese Center for Disease Control and Prevention 
(Beijing, China).

Anti-human CD8, FITC/IFN-γ, PerCP-Cy5.5/TNF, 
PE-Cy7/CD3, APC-H7/IL-4, BV421/IL-17A, BV510, 
TLR2 AlexaFluor647, and TLR4 PE antibodies and a leu-
kocyte activation cocktail with BD GolgiPlug™ stimu-
lants, fixed membrane breaking agents, and RBC lysates 
were obtained from Becton–Dickinson and Company, 
USA. T-lymphocyte typing and intracellular cytokine lev-
els were analyzed using a BD LSRII flow cytometer (Bec-
ton–Dickinson and Company, USA), and the results were 
analyzed using BD FACSDiva Software (Version 6.1.2, 
BD Biosciences) and FCS Express 4 Flow Cytometry (De 
Novo Software).

Combination experimental staining of the cell surface 
and intracellular cytokines in peripheral blood
The  CD3+ and  CD8+ cell surface antigens were stained 
concurrently with the intracellular cytokines IFN-γ, IL-4, 
IL-17A, and TNF-α in one experimental tube. Anticoag-
ulant peripheral blood (200 μl) and RPMI 1640 (300 μl) 
were added to a 5  ml BD Falcon tube and stimulated 
using leukocyte activation cocktail with BD GolgiPlug™ 
according to the manufacturer’s instructions. After incu-
bation for 4 h in 5.0%  CO2 at 37 °C, 20 μl CD3 APC-H7 

and 20  μl CD8 FITC surface-labeled antibodies were 
added. Simultaneously, the same type of isotype control 
tube was prepared and incubated for 20 min in the dark. 
Next, lysing solution was added to lyse the red blood 
cells, and the solution was then centrifuged at 300×g 
for 5 min. The cells were re-washed again with staining 
solution.

After cell-surface staining, the cells were fixed with fix-
ation buffer for 20 min at 4 °C in the dark, and they were 
then centrifuged and the supernatant was discarded. The 
cellular suspension was washed twice with permeabiliza-
tion solution and then intracellularly stained with fluo-
rescently conjugated antibodies (PerCP/Cy5.5 anti-IFN-γ, 
BV510 anti-IL-17A, PE/Cy7 anti-TNF-α, and BV421 
anti-IL-4) and an isotype-matched antibody for 30  min 
without light. After staining, the samples were washed 
again, resuspended in permeabilization solution, centri-
fuged, and the supernatant was discarded. The cells were 
washed with staining solution, and 500  μl cell washing 
solution was then added, mixed well, and assessed using 
a flow cytometer. The results were expressed as the pro-
portion difference compared to the isotypic control.

TLR2  (CD282+) and TLR4  (CD284+) on peripheral blood 
mononuclear cells (PBMC)
Whole blood from all participants cultivated in vitro was 
stained with AlexaFluor647 labeled anti-human TLR2 
and PE-labeled TLR4 antibodies or with isotype con-
trols. Cells were fixed with fixation buffer, and surface 
expression of TLR2 and TLR4 was analyzed in the lym-
phocytes, monocytes and granulocytes region using flow 
cytometry. The results were analyzed as the proportion of 
positive cells and the mean fluorescence intensity (MFI). 
The lymphocytes, monocytes and granulocytes popu-
lations were defined by gating of the cells according to 
size (forward scatter). Each cell population was analyzed 
separately by gating that was achieved using cell size and 
granularity as parameters. The same software was used 
to provide data representing the MFI of the respective 
markers.

Statistical analysis
Quantitative parameters with normal distribution are 
presented as mean and standard deviation, and for 
parameters without normal distribution, median and 
range values were calculated. The neutrophil/lymphocyte 
ratio (NLR) and platelet/lymphocyte ratio (PLR) were 
calculated using these parameters. The receiver operator 
characteristic (ROC) curve was used to evaluate the pre-
dictive value of the hematological parameters including 
the NLR and PLR. The χ2 test was used to analyze if there 
was a sex difference among the five groups. The differ-
ences in continuous variables among the five groups were 
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compared using analysis of variance (ordinary one-way 
ANOVA) (normal distribution) and the Kruskal–Wallis 
test (non-normal distribution), and Tukey’s and Dunn’s 
corrections were applied for multiple comparisons. P 
values between 0.01‒0.05, 0.001‒0.01, 0.0001‒0.001, 
and < 0.0001 were considered statistically significant (*), 
very significant (**), extremely significant (***), and super 
significant (****), respectively, and “ns” represents no sig-
nificance. Correlations were determined using the Spear-
man’s rank method. The r > 0.5 or < −  0.5 with P < 0.05 
were statistically significant. Statistical analyses were 
performed using R version 4.0.3 (RStudio, PBC, Boston, 
MA, USA), SPSS version 21.0 (SPSS, IBM; Inc., Chicago, 
IL, USA), and GraphPad Prism version 9.0.0 (GraphPad 
Software, LLC., San Diego, CA, USA).

Results
Demographic characteristics and diagnosis of brucellosis 
patients
A total of 733 blood samples were collected from rural 
communities in the two counties from 2014 to 2015. 
The samples were subdivided into five groups based on 
the diagnostic characteristic results (Table 1), and these 
groups included the acute (n = 137), chronic (n = 316), 
inapparent (n = 35), recovery (n = 99), and healthy 
(n = 146) groups. Detailed demographic characteristics 
and clinical and experimental results for the participants 
are presented in Table 1. There were no significant differ-
ences in sex among the five groups (P = 0.519); however, 
there was a significant difference in age among the five 
groups (P < 0.001). Patients in the chronic group were sig-
nificantly older than those in the healthy and inapparent 
groups (P = 0.023 and 0.001, respectively). For hemato-
logical tests, neutrophil count and NLR exhibited signifi-
cant differences among the five groups (P = 0.001 and 
0.009, respectively). The neutrophil counts in the healthy 
and recovery groups were significantly higher than those 
in the acute group (P = 0.019 and 0.007, respectively). The 
NLR was significantly different among the five groups 
(P = 0.012), where the acute group possessed lower val-
ues compared to those of the other groups. However, 
NLR exhibited no difference after Dunn’s correction in 
pairwise comparisons (P > 0.05). There were no statistical 
differences in any of the other indices (P > 0.05).

Prediction value of hematological parameters for diagnosis
ROC analysis revealed that certain hematological param-
eters, including the calculated NLR and PLR, were signif-
icantly associated with brucellosis (Table 2). There was a 
predictive value for ALT between the chronic and recov-
ery groups (P = 0.017) and between the inapparent and 
recovery groups (P = 0.027). Platelets were also predictive 

of differences between the healthy and recovery groups 
(P = 0.010). The neutrophil count was significantly dif-
ferent between the acute group and the chronic, healthy, 
and inapparent recovery groups (P = 0.027, 0.006, 0.024, 
and 0.006, respectively). NLR was significantly different 
between the acute group and the chronic, healthy, and 
inapparent, recovery groups (P = 0.006, 0.021, 0.030, and 
0.044, respectively). PLR exhibited predictive value only 
in the acute and chronic groups (P = 0.025).

Percent proportion of  CD3+CD4+ and  CD3+CD8+ T 
lymphocytes
The proportions of  CD3+CD4+ T cells and  CD3+CD8+ 
T cells in the different groups are provided in Fig. 1a‒c. 
The proportion of  CD3+CD4+ T cells (Fig.  1a) in the 
acute, chronic, and recovery groups was significantly 
lower than that in the healthy group (P = 0.024, 0.041, 
and 0.001, respectively). The proportion of  CD3+CD8+ T 
cells (Fig. 1b) in the acute, chronic, and recovery groups 
was significantly higher than that in the healthy group 
(P = 0.023, 0.041, and 0.001, respectively). Additionally, 
the ratio of  CD4+/CD8+ T cells (Fig. 1c) was significantly 
higher in the healthy group than in the acute and recov-
ery groups (P = 0.050 and 0.003, respectively).

Proportions of Th1, Th2, and Th17 cells in peripheral blood
The proportions of Th1, Th2, and Th17a in the different 
groups are presented in Fig.  2a‒c. For Th1  (CD4+ IFN-
γ) (Fig.  2c), the proportion of Th1 lymphocyte expres-
sion in the PBMCs in the acute (5.415 ± 2.773), chronic 
(5.315 ± 2.992), and inapparent (5.460 ± 2.822) groups 
was higher than that in the healthy (5.148 ± 2.671) and 
recovery (5.090 ± 2.873) groups. However, there was no 
significant difference between the groups (P > 0.05). For 
Th2  (CD4+ IL-4) (Fig.  2b), the proportion of Th2 lym-
phocytes in the acute and healthy groups was signifi-
cantly higher than that in the inapparent group (P = 0.003 
and 0.045, respectively). Although the proportion in 
the acute group (0.748 ± 0.870) was higher than that in 
the healthy group (0.590 ± 0.313), there were no signifi-
cant differences between the two groups (P > 0.05). For 
Th17  (CD4+ IL-17A) (Fig.  2c), the proportion of Th17 
lymphocytes in the acute group was significantly higher 
than that in the chronic, healthy, and inapparent groups 
(P = 0.003, < 0.001, and 0.003, respectively). Additionally, 
the inapparent group (0.275 ± 0.518) was also lower com-
pared to the other four groups (P > 0.05).

Expression of TLR2 and TLR4 in lymphocytes, monocytes 
and granulocytes
The blood samples from all participants exhibited the 
presence of effective TLR expression in lymphocytes, 
monocytes and granulocytes. The levels of TLR2 and 
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TLR4 and the co-expression of TLR2,4 in lymphocytes, 
monocytes and granulocytes are presented in Fig. 3a‒i.

There was no significant difference in the expression 
level of TLR2 or the co-expression of TLR2,4 in the dif-
ferent groups of lymphocytes (Fig.  3a, b). The expres-
sion levels of TLR4 in lymphocytes (Fig. 3c) in the acute 
group were higher than those in the healthy and inap-
parent groups (P = 0.014 and 0.010, respectively). TLR4 
expression levels in the recovery group were also higher 
than those in the chronic, healthy, and inapparent groups 
(P = 0.008, < 0.001, and < 0.001, respectively).

In monocytes, the expression of TLR2 (Fig.  3d) in 
the chronic group was higher than that in the recovery 
group (P = 0.014). The expression of TLR2 and TLR4 
was not significantly different among the five groups 
(Fig.  3e). The expression levels of TLR4 (Fig.  3f ) in 
the chronic, healthy, and inapparent groups were sig-
nificantly lower than those in the recovery group 
(P < 0.001, < 0.001, and < 0.001, respectively). The 
expression of TLR4 in the acute group was also ele-
vated compared to that in the healthy and inapparent 
groups (P = 0.015 and 0.271, respectively).

The expression of TLR2 in granulocytes (Fig. 3g) was 
not significantly different among the five groups. The 
co-expression of TLR2,4 and the individual expression 
of TLR4 in granulocytes from the acute and recov-
ery groups exhibited the same expression tendency, 
and the levels were higher than those of the healthy 
group (Fig. 3h, i) and exhibited significant differences 
(P < 0.001 and < 0.001 for co-expression of TLR2,4; 

P = 0.005 and < 0.001, respectively, for expression of 
TLR4). Significant differences were also observed 
between the recovery group and the chronic and inap-
parent groups (P = 0.002 and < 0.001 for co-expres-
sion of TLR2,4; P < 0.001 and < 0.001, respectively, for 
expression of TLR4). Both expression levels (Fig. 3h, i) 
in the acute group were higher than those in the inap-
parent group (P = 0.009 and 0.015, respectively). Addi-
tionally, the co-expression of TLR2,4 in granulocytes 
(Fig.  3h) was higher in the chronic group than in the 
healthy group (P = 0.010).

Expression correlation of TLR2 and TLR4 in lymphocytes, 
monocytes and granulocytes
The correlation between TLR2 and TLR4 expression in 
lymphocytes, monocytes and granulocytes is presented 
in Fig.  4a‒e. The expression level of TLR4 in lympho-
cytes, monocytes and granulocytes was correlated with 
that in the acute and healthy groups, and the Pearson r 
was 0.514 and 0.655 (P < 0.001 and < 0.001, respectively). 
Except for the inapparent group, the expression levels of 
TLR4 in lymphocytes and granulocytes were correlated 
in the other four groups, with Pearson r values of 0.640 
in the acute group, 0.571 in the chronic group, 0.783 
in the healthy group, and 0.506 in the recovery group 
(P < 0.001, < 0.001, < 0.001, and < 0.001, respectively). The 
TLR expression levels of granulocytes, monocytes were 
correlated in all the five groups, and Pearson r was 0.763 
in the acute group, 0.660 in the chronic group, 0.742 in 
the healthy group, 0.728 in the inapparent group, and 

Fig. 1 The proportions of  CD3+CD4+ T cells (a) and  CD3+CD8+ T cells (b) and the  CD4+/CD8+ ratio (c) in the peripheral blood from different 
groups. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001
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0.574 in the recovery group (P < 0.001, < 0.001, < 0.001, 
< 0.001, and < 0.001, respectively). Additionally, the co-
expression levels of TLR2,4 in granulocytes were corre-
lated with the expression levels of TLR4 in monocytes, 
with Pearson r values of 0.671, 0.648, 0.770, 0.786, and 
0.660 in the acute, chronic, healthy, inapparent, and 
recovery groups, respectively (P < 0.001, < 0.001, < 0.001,  
< 0.001, and < 0.001, respectively). In the healthy group 
(Fig. 4c), co-expression levels of TLR2,4 in granulocytes 
were also associated with TLR4 expression levels in lym-
phocytes (r = 0.613, P < 0.001).

Additionally, the expression levels of TLR2 and TLR4 
and the co-expression levels of TLR2,4 were correlated 
in the same type of cells. For lymphocytes, the expres-
sion of TLR4 in the acute group (Fig. 4a) was correlated 
with the co-expression of TLR2,4 (r = 0.538, P < 0.001), 
while the expression of TLR2 in the inapparent (Fig. 4d) 
and recovery groups (Fig. 4e) was correlated with the co-
expression of TLR2,4 (r = 0.593, r = 0.627; P < 0.001 and 
P < 0.001, respectively).

In monocytes, the expression level of TLR2 was corre-
lated with the co-expression level of TLR2,4 in four of the 
five groups (Fig. 4a–e), where the Pearson r was 0.561 in 
the acute group, 0.710 in the chronic group, 0.567 in the 
healthy group, 0.846 in the inapparent group, and 0.676 
in the recovery group (P < 0.001, < 0.001, < 0.001, < 0.001,  
and < 0.001, respectively). Additionally, the expression 
levels of TLR2 and TLR4 in monocytes were correlated 
(r = 0.515, P < 0.001).

In granulocytes, the co-expression levels of TLR2,4 
from the acute (Fig. 4a), inapparent (Fig. 4d), and recov-
ery (Fig. 4e) groups were all related to the expression lev-
els of TLR2, and Pearson r values were 0.598, 0.712, and 
0.574, respectively (P < 0.001, < 0.001, and < 0.001, respec-
tively). The co-expression level of TLR2,4 was also cor-
related with the expression level of TLR4 in the acute 
group (r = 0.519, P < 0.001), the healthy group (r = 0.635, 
P < 0.001), and the inapparent group (r = 0.806, P < 0.001).

Discussion
The host immune response plays a crucial role in host 
defense against intracellular bacteria such as Brucella 
species. In the current study, we investigated the char-
acteristics of T cell subsets  (CD4+,  CD8+, Th1, Th2, and 
Th17) and TLR2 and TLR4 in lymphocytes, monocytes 
and granulocytes in acute, chronic, inapparent, recovery, 
and healthy groups in a Chinese Han population.

Olt et al. reported that lower NLR values were signifi-
cantly associated with brucellosis by ROC analyses [33]. 
In the current study, we determined that NLR values 
were significantly associated with the acute group that 
exhibited lower NLR values. One of the reasons that the 
acute group exhibited a lower NLR could be due to the 
lower neutrophil count in the acute group. These results 
indicated that low neutrophil count and NLR could dis-
tinguish the acute group from the other groups.

Fig. 2 The proportions of Th1 (a), Th2 (b), and Th-17a (c) in the peripheral blood from different groups. *P < 0.05; **P < 0.01; ***P < 0.001; 
****P < 0.0001
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Fig. 3 Comparison of the levels of TLR2 and TLR4 and the co-expression of TLR2,4 in lymphocytes (a‒c), monocytes (d‒f), and granulocyte (g‒i) 
among the five groups of participants. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001
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Fig. 4 Heatmaps with Pearson correlation coefficient. The expression of TLR2 and TLR4 in the lymphocytes, monocytes and granulocytes among 
the acute (a), chronic (b), healthy (c), inapparent (d), and recovery (e) groups. The color density represents the magnitude of the correlations, with 
blue color indicating positive and red color indicating negative. L lymphocytes, M monocytes, G granulocytes
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Cell-mediated immunity plays an important role in 
protecting humans against Brucella infection [10–12]. 
During cell-mediated immunity, antigen-presenting cells 
and T lymphocytes help the host resist or clear Brucella 
infection [10, 34]. In 2018, Zheng et  al. reported a sig-
nificantly decreased proportion of  CD4+ T cells and an 
increased proportion of  CD8+ T cells in human brucel-
losis patients compared to levels in healthy subjects [30]. 
In the current study, we also observed that the propor-
tion of  CD4+ T cells in the acute, chronic, and recovery 
groups was significantly lower than that in the healthy 
group. Moreover, the proportion of  CD8+ T cells was 
significantly higher in the acute, chronic, and recovery 
groups than in the healthy group. In 2005, Akbulut et al. 
reported that  CD4+ T cell levels were significantly lower 
in brucellosis patients than in the healthy group [24]. 
For  CD8+ T cells, Moreno-Lafont and Skendros et  al. 
reported an increase in cytotoxic  CD8+ T cell distur-
bances in T-cell immunity in chronic persistent/relapsing 
brucellosis patients [31, 35]. These results confirmed that 
 CD8+ T cells are more important than  CD4+ T cells in 
controlling Brucella infection [36].

In 2018, Zheng et  al. reported that the proportion of 
Th1 cells was increased in human brucellosis patients; 
however, there was no significant difference between 
the patients and the controls [30]. Xu et al. reported that 
the frequency of Th1 cells was significantly higher in 
patients with brucellosis than in healthy controls [28]. 
In the current study, we observed that the proportion of 
Th1 cells in the acute, chronic, and inapparent brucellosis 
groups was higher than that in the healthy and recovery 
groups; however, neither exhibited significantly differ-
ences between patients and control individuals. Th1 cells 
primarily mediate cellular immunity and control bacte-
rial infection by secreting IFN-γ and IL-2 that function 
to destroy bacterial infection, particularly regarding 
intracellular bacteria such as Brucella species in mac-
rophages [13–16]. In 2019, Xu et al. determined that the 
mean serum levels of IFN-γ were significantly higher in 
patients with brucellosis compared to those in healthy 
individuals [28]. Lin et al. also observed that serum IFN-γ 
levels were higher in the patient group than those in the 
healthy group [18]. These results indicate that Th1 cells 
and their secreted cytokines play important roles in con-
trolling Brucella infection.

The proportion of Th17 cells in patients with acute 
brucellosis increases significantly and subsequently 
decreases after treatment [37]. In the current study, we 
observed that the proportion of Th17 cells in the acute 
group was significantly higher than in the chronic, 
healthy, and inapparent groups. In 2019, Zheng et  al. 
reported that the proportion of Th17 cells in acute and 
chronic patients was higher than that in healthy control. 

Additionally, they also determined that the levels of effec-
tor molecules in Th17 cells (IL-17A and IL-17F) in the 
acute and chronic groups were higher than those in the 
healthy control group. In 2020, Lin et  al. reported that 
serum IL-17 levels were higher in brucellosis patients 
than in controls (P < 0.05) [18]. Moreover, they also 
observed that IL-17 levels in the serum were significantly 
higher in the acute group than in the chronic group [18]. 
These results indicated that Th17 cells and their effector 
molecules such as those active during the acute stages of 
Brucella infection could participate in cellular immunity 
against Brucella infection.

In addition to adaptive immune responses, the innate 
immune system plays an important role in Brucella 
infection [21]. TLRs play central roles in the induc-
tion of innate immune responses and also in the sub-
sequent development of adaptive immune responses 
[12]. Our results revealed that the highest expressions 
of TLR4 in lymphocytes, monocytes and granulocytes 
were in the recovery group, and then followed by the 
acute, chronic, healthy, and inapparent groups. Addi-
tionally, TLR4 expression in one cell type was posi-
tively correlated with that in the other cell types. For 
example, the high expression of TLR4 in lymphocytes 
was positively correlated with that in monocytes and 
granulocytes. These interesting findings were almost 
identical expression patterns of TLR4 observed in lym-
phocytes, monocytes and granulocytes, indicating that 
TLR4 expression could play a vital role in the resist-
ance to Brucella infection in humans. In 2004, Cam-
pos et  al. demonstrated the role of TLR4 in triggering 
an immune response against Brucella, thus identifying 
TRL4 as an important molecule in the control of bru-
cellosis [38]. Copin et  al. reported that TLR4 and not 
TLR2 significantly decreased resistance to B. meliten-
sis infection in an experimental model [39]. Pei et  al. 
demonstrated that TLR4 is also important for effective 
B. abortus internalization by macrophages [40]. How-
ever, Weiss et  al. surprisingly observed that TLR4 is 
not required for the clearance of Brucella in vivo [41]. 
Moreover, Barquero-Calvo et al. demonstrated that the 
replication of B. abortus S19 and S2308 in vivo occurs 
independently of TLR4 [42]. The reasons for these dis-
crepancies are currently unknown; however, they may 
be partially due to the different roles of TLR4 in differ-
ent host cells or to the different Brucella strains that 
were used. Additionally, Pei et  al. reported that TLR2 
and TLR4 contributed little to the control of Brucella 
spleen infection; however, a significant contribution to 
the clearance of lung infection was described, thus sug-
gesting that the potential roles of TLRs may be related 
to host tissue specificity [43].
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Several studies have reported that TLR2 plays no role 
in controlling B. abortus infection in vivo [38, 41]. In the 
current study, we determined that TLR2 expression was 
not significantly different in lymphocytes, monocytes 
and granulocytes among the five groups, except for the 
chronic and recovery groups in monocytes. These results 
further indicate that TLR2 may not play a role in control-
ling B. abortus infection.

Finally, there are two main limitations in the cur-
rent study. Firstly, it is necessary to include the lev-
els of cytokines in the peripheral serum in the current 
association analysis, which could display the associa-
tion between T cells, its secreted cytokines and brucel-
losis. Unfortunately, we are unable to test the levels of 
cytokines now, which could be one main limitation in the 
current study. In addition, our primary purpose focused 
on the immunity characteristics of diverse stages of bru-
cellosis in rural population, thus, the individuals’ chronic 
disease conditions, like diabetes, hypertension, and auto-
immune diseases, were not comprehensively investigated, 
which would be another limitation within this study.

Conclusions
In the current study, we comprehensively investigated 
the detailed roles of TLR2 and TLR4 in different cells 
at different stages of Brucella infection, including the 
acute, chronic, inapparent, and recovery stages. Human 
immune response profiles such as  CD4+ T,  CD8+ T cells, 
Th cells, and TLR profiles could correlate with disease 
susceptibility or protection. Especially, two key factors 
 (CD8+ T cells and TLR4) in human immune profiles 
could be markedly associated with the progression of 
brucellosis. In the future, the detailed function of TLR4 
should be further explored using a more significant num-
ber of human cell types or tissues and in larger sample 
populations.
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