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Abstract

The aim of the present study was to determine the cellular immune response on the course of brucellosis by investigating the proliferation

response of T-cell subsets to phytohemagglutinin (PHA), that is, nonspecific mitogen in the patients with acute and chronic brucellosis. The

study was performed in 19 patients with untreated brucellosis (acute, n = 11; chronic, n = 8) and 19 healthy controls. Standard tube

agglutination and Coombs tests for brucellosis were performed. CD4+ and CD8+ T cell were investigated by the flow cytometry and sorting

methods in all of cases. After these cells were cultured and stimulated with PHA, [H3]-thymidine uptake and stimulation indices (SIs) were

established. In all of the patients with brucellosis, CD4+ SIs and CD8+ SIs were found to be 1.40 F 0.63 and 1.45 F 0.42, respectively, and

in the controls CD4+ SIs and CD8+ SIs were 1.59 F 0.36 and 1.64 F 0.37, respectively. In acute cases, CD4+ SIs were 1.71 F 0.64 and

CD8+ SIs were 1.54 F 0.45. CD4+ SIs were 0.97 F 0.25 and CD8+ SIs were 1.32 F 0.37 in chronic cases. Although in acute cases CD4+

SIs and CD8+ SIs were not different from those in the control group, CD4+ SIs of chronic brucellosis cases were found to be significantly

low as compared with those of acute brucellosis cases and the controls (P b 0.01). CD8+ SIs of acute and chronic brucellosis cases were not

found to be different from those in the controls. Brucella agglutination titers of the patients with acute and chronic brucellosis were not found

related with CD4 SIs and CD8 SIs. The findings of significantly low results of CD4+ T-cell proliferative responses of chronic brucellosis to

PHA as compared with control and acute brucellosis cases remind that the development of chronic infection might be a result of T-helper

proliferation defect.
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1. Introduction

Brucella spp. are small Gram-negative, facultative, and

intracellular coccobacilli. They cause zoonotic infection

and can be seen frequently around the world, especially in

the Mediterranean countries including Turkey. People are

generally infected by the consumption of the contaminated

food, especially unpasteurized milk and milk products and

occupational hazards, but human-to-human transmission is

extraordinarily rare. Undulant fever, chills, sweating,

anorexia, fatigue, weight loss, depression, arthralgia, and
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myalgia are common complaints in the acute phase. An

acute phase with brucellosis can progress either to recovery

or to a chronic form characterized by mild fever, focal

manifestations of the disease, and chronic fatigue syn-

drome (Gotuzzo and Carrillo, 1998). Because Brucella

species are intracellular organisms, cellular immunity plays

an important role in healing and Brucella organisms

survive within macrophages by blocking phagolysosome

fusion with the mechanisms poorly understood. Antigen

presentation, primarily 8- to 12-amino-acid peptides conju-

gated with major histocompatibility complex (MHC)-I

and MHC-II, is the critical step allowing specific recognition

of the pathogen. However, many bacterial products including

DNA and lipopolysaccharide (LPS) are capable of sti-

mulating the immune system nonspecifically. Both CD4+
fectious Disease 52 (2005) 229–233
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T cells producing abundant interferon (IFN) g and CD8+

cytotoxic T cells are thought to be effective in the

intracellular killing. It is not known with which mecha-

nisms virulent species tolerate the specific immune re-

sponse and lead to chronic infection. How the acute disease

converts to the chronic form cannot be explained although

the infected cases are treated with appropriate dose and

duration (Abbas and Lichtman, 2003; Yingst and Hoover,

2003; Zhan and Cheers, 1995; Zhan et al., 1993; Baldwin,

1996; Oliveira et al., 1998; Vemulapalli et al., 2000;

Mielke, 1991; Araya et al., 1989).

In the present study, we evaluated responses of T-cell

subsets against phytohemagglutinin (PHA) in the patients

with acute and chronic phases of the Brucella infection

and we searched relation between the disease courses and

T-cell subsets.
2. Materials and methods

2.1. Study population

Untreated newly diagnosed patients (n = 19, 10 males,

9 females; mean age, 38.84 F 19.44 years, range, 15–56

years) with Brucella infection and healthy controls (n = 19,

10 males, 9 females; mean age, 35.65 F 9.78 years, range

27–34 years) were included in this study. The controls were

selected from healthy volunteers who were negative for

Brucella serologic tests. The diagnosis of brucellosis was

based on the clinical data, isolated Brucella spp. from blood

cultures and/or bone marrow cultures, and classic serologic

tests for Brucella, including standard tube agglutination

(STA) (Difco, Atlanta, GA; IgG, IgM) and Coombs tests

(blocking antibodies). For STA and Coombs tests, a titer of

1:160 or more in any of the agglutination test was interpreted

as positive and these results were recorded (Diaz and

Moriyon, 1989). All the patients had the disease activity

defined by the presence of typical signs and symptoms

including fever, splenomegaly, lymphadenopathy, myalgia,

arthralgia, hepatic and musculoskeletal involvements, and so

on. According to the disease period, those shorter than

8 weeks, between 8 and 52 weeks, and longer than 52 weeks

were evaluated as acute, subacute, and chronic brucellosis,

respectively (Young, 1989). The patients with acute and

chronic brucellosis were included in the study as patient

groups. Of the patients with brucellosis, 11 were acute and

8 were chronic. Written consents were taken from both the

controls and the patients, and then blood samples were

obtained from them for erythrocyte sedimentation rate,

C-reactive protein levels, standard Brucella agglutination

tests, and flow cytometric analyses.

2.2. Sorting with flow cytometry

At least 3-mL peripheral blood samples were obtained

from the patients and the healthy controls, and the cells were

isolated from the blood. All the samples were taken for flow

cytometry in the Immunology Laboratory in Ankara
University without delay and they were evaluated for a

maximum of 6 h. Anti-CD3, anti-CD4, and anti-CD8

monoclonal antibody (MoAb) kits (Simultest IMK Plus,

LeukoGATE CD45-FITC/CD14-PE, CD3-FITC/CD19-PE,

CD4-FITC/CD8-PE, CD3-FITC/anti-HLA-DR-PE MoAb,

Beckton Dickinson, San Jose, CA) were used. For each

patient, sample-labeled tubes were placed in 20 AL of

monoclonal antibodies. Then 100 AL of blood samples were

added into the tubes and incubated for 15 min in room

temperature. Lysing solution (2 mL) (Beckton Dickinson)

was added into the tubes to lyse erythrocytes. After the lysis,

the tubes were centrifuged (300 � g for 5 min) and the

supernatant was aspirated. In each tube, the remaining cells

were washed with phosphate-buffered saline several times.

The cell pellet was resuspended with 0.5 mL FACS flow

(Beckton Dickinson). After this procedure, the cells were

analyzed by the flow cytometry (FAC Sort, Beckton

Dickinson). CD4+ and CD8+ T cells were sorted by flow

cytometry and these cells were cultured.

2.3. Cell culture and proliferation studies

In the medium (MEDIUM 199) with 20 mmol/L HEPES,

and NaHCO3, 10% fetal bovine serum, penicillin (5000

IU/mL), streptomycin (10 Ag/mL), 2 mmol/L l-glutamine,

and 0.25 Ag/mL fungizone (W/LGLUT, Paisley, UK), CD4

and CD8 marked cells (10000 cells/200 AL) were cultured in
sterile microplates (Cellstar, Micro Platte, Greiner Labor-

technic, Germany). Three wells containing cells only were

reserved as controls. Twenty micrograms of PHA (Sigma, St.

Louis, MO) was added into the remaining 3 wells. All of

them were incubated in a 37 8C, 5% CO2 humidified incu-

bator for 5 days. After the incubation, 1.0 ACi [H3]-thymidine

(Dupont, Boston, MA) was added into the medium. Later,

using the Cell Harvester (Flow Laboratories, Skatron,

Norway), the marked cells were sucked with filter fiber

papers (Titertek, filter paper for cell harvester, Skatronis,

Lier, Norway) and reserved in scintillation bottles, and

[H3]-thymidine uptake measurements in the beta counter

were measured as counts per minute (cpm) (Hewlett

Packard, Packard Beta Counters, Meriden, CT). For all the

patients and the controls, the ratios of [H3]-thymidine uptake

of the holes with PHA to the wells containing control cells

were recorded as stimulation indices (SIs), (SIs; cpm of

stimulated cultures/cpm of unstimulated cultures).

2.4. Statistical analysis

The differences between the groups were evaluated by

Kruskal-Wallis 1-way ANOVA test, Mann-Whitney U test,

and Spearman rank correlation analysis method and

P values less than 0.05 were accepted significant.
3. Results

The CD4+ and CD8+ T-lymphocyte SIs of acute and

chronic brucellosis and the controls are summarized in



Table 1

SIs of CD4+ and CD8+ T cells in the controls and patients with Brucella

infection

CD4+ T-lymphocyte

SIs F SD/median

CD8+ T-lymphocyte

SIs F SD/median

Controls (n = 19) 1.59 F 0.36/1.40 1.64 F 0.37/1.80

Patients (n = 19) 1.40 F 0.63/1.30 1.45 F 0.42/1.30

Acute forms (n = 11) 1.71 F 0.64/1.80 1.54 F 0.45/1.40

Chronic forms (n = 8) 0.97 F 0.25/0.97 1.32 F 0.37/1.25

P N 0.05, CD4+ and CD8+ T-lymphocyte SIs compared between all of the

patients and the controls. P N 0.05, CD4+ and CD8+ T-lymphocyte SIs

compared between acute brucellosis and control. P N 0.05, CD8+ T-

lymphocyte SIs compared between acute and chronic brucellosis and

control. P b 0.01, CD4+ T-lymphocyte SIs compared between chronic

brucellosis and control.
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Table 1. CD4+ and CD8+ SIs were not different between the

patients and the controls (P N 0.05). Fig. 1 (A and B) shows

the CD4+ (A) and CD8+ (B) T-lymphocyte SIs in the

patients with acute and chronic forms of brucellosis and the

controls. There are no differences in CD4+ SIs and CD8+ SIs

between the patients with acute brucellosis and the controls

(P N 0.05). Whereas in the patients with chronic brucellosis,

CD4+ SIs were significantly different from those in the

controls and the patients with acute brucellosis (P b 0.01),

CD8+ SIs were not different from those in the patients with

chronic brucellosis and the controls (P N 0.05).

There was no correlation between Brucella agglutina-

tion titers (acute mean rank: 8.5, chronic mean rank:

12.06,) and CD4+ SIs and CD8+ SIs in the patients with

acute and chronic brucellosis (P N 0.05). Brucella

agglutination titers were not significantly different in acute

or chronic disease.
4. Discussion

Brucella species are intracellular organisms. Innate

immunity may limit the bacterial growth for some time
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Fig. 1. CD4+ (A) and CD8+ (B) T-lymphocyte SIs in the patients with acute and

SIs were calculated as follows: SIs = cpm of stimulated cultures/cpm of unstimu

1 subject.
but usually it fails to eradicate these infections and the

eradication requires adaptive cell-mediated immunity. The

principal function of Th1 cells is in phagocyte-mediated

defense against infections such as Brucella, Mycobacteri-

um, and Listeria. IFN-g produced by Th1 cell stimulates the

microbicidal activities of phagocytes, thereby promoting the

intracellular destruction of phagocytozed microbes

(Gotuzzo and Carrillo, 1998; Yingst and Hoover, 2003).

Rodriguez-Zapata et al. (1996a) studied T-cell prolifer-

ative response to polyclonal mitogens such as tumor

necrosis factor (TNF) a, TNF-h, and IL-2 in acute

brucellosis. In this study it was shown that PHA had fewer

effects on T lymphocytes on the third and fifth days and it

had more effects on the seventh day. After the conventional

treatment, the response of T lymphocytes to PHA was also

recovered. In this study, they used CD2 and CD3

monoclonal antibodies, and they evaluated only natural

killer and T-lymphocyte functions but T-lymphocyte sub-

group functions could not be evaluated. It was clear that

natural killer cells, T lymphocytes, and macrophage

functions were recovered after the treatment of brucellosis.

The same researchers in a different study showed that IL-2

production was normal whereas IFN production was

defective in PHA-stimulated T lymphocytes in acute

brucellosis. After the treatment, both IFN and IL-2

productions improved. In both studies, proliferative

responses to PHA by CD4+ T lymphocytes and CD8+

T lymphocytes were not evaluated; therefore, the defective

T-lymphocyte subgroups could not be evaluated (Rodriguez-

Zapat et al., 1996b).

Forestier et al. (2000) reported that Brucella abortus

LPSs had a down-regulatory effect on T-cell activation in

murine peritoneal macrophages. On the macrophage sur-

face, LPS domains rich in MHC class II molecules were

found responsible for CD4+ T-lymphocyte activation. In

this way, bacteria could not be recognized by the immune

system and therefore, chronic brucellosis occurred.
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chronic forms of brucellosis and the controls. The results are shown as SIs.

lated cultures. Each symbol represents the SI of CD4+ or CD8+ T cells of
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In the cases of chronic brucellosis, IFN and levami-

sole treatments were analyzed to restore the defective im-

mune response. Anergy, low Coombs agglutination titers,

leukocytes migration index, and monocyte-macrophage

functional abnormalities determined before the treatment

changed beneficially (Boura et al., 1995; Printzis et al., 1994).

Giambartolomei et al. (2002) evaluated the cellular

immune response against cytoplasmic proteins from

Brucella organisms, recombinant Brucella lumazine syn-

thase, and PHA in peripheral blood mononuclear cells

from the patients with brucellosis. In this study, the in vitro

proliferative responses (SIs) of the peripheral blood

mononuclear cells in the controls and the patients with

brucellosis were not different. However, in this study, the

patients with brucellosis were not separated as acute or

chronic and SIs of the T-cell subsets were not compared

between the acute and the chronic and all the patients were

evaluated. While they were studying the cytokine response

of the mononuclear cells, they evaluated acute or chronic

forms of the patients. Their study indicated that blasto-

genic response of the IL-2 and IFN-g in the patients with

the acute form of the disease was up-regulated but the

chronic form of the disease did not change. The

blastogenic response of the IL-4 and IL-10 did not change

in the patients with acute or chronic brucellosis. The study

suggested that diminished production of Th1 cytokines

might contribute to T-cell response against Brucella

cytoplasmic protein observed in chronic human brucellosis.

Moreno-Lafont et al. (2003) tested salt-extractable

antigen from Brucella melitensis 16M (RCM-BM) and

PHA to evaluate the immune response from acute and

chronic patients suffering from Brucella infections. They

found no difference between the acute patients and the

healthy controls in the percentage of CD3, CD4, or CD8

lymphocytes. However, they found that chronic patients

had a significant increase in the CD8+ T cells. They

demonstrated that CD4+ and CD8+ T lymphocytes from

the acute and chronic patients proliferated equally well in

response to RCM-BM.

Boura et al. (1995) showed that IFN administration

induced clinical remission in 2 patients with chronic

Brucella infection who had defective human responses.

In our study, we found that CD4+ and CD8+

T-lymphocyte SIs were similar in all of the patients and

in the patients with acute brucellosis compared with the

controls. In the patients with chronic brucellosis, the pro-

liferative response of CD8+ T lymphocytes to PHA was

similar to the controls although CD4+ T-lymphocyte

proliferative response to PHA was found to be statistically

low compared with both the controls and the patients with

acute brucellosis. Thus, proliferation defect in the T-helper

cell stimulation may be responsible for chronic disease

involvement. The differences among the individuals in the

patterns of T-cell responses to intracellular microbes are

important determinants of disease progression and clinical

outcome. One possible reason for the differences in these 2
forms of brucellosis (acute and chronic) caused by the same

organism may be that there are different patterns of T-cell

differentiation and cytokine production in the individuals.

It was concluded that T-helper cells have important roles

in both cellular and humoral immunity. In this study, we

found no correlation between the level of Brucella

agglutination titers and the course of the disease (acute or

chronic) and SIs of CD4+ and CD8+ T cells. Our data

suggest that CD4+ T lymphocytes have an important role in

Brucella infection course.

In the future, if T-helper cell dysfunction is found in

addition to the conventional treatment, immune modulators

regulating T-helper cell functions may be used to prevent the

disease progression to the chronic stage.
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