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Background: Patients with bacterial meningitis have a T-cell defect and impaired cytokine 
production. 
Methods: The phenotype and percentage of circulating ~$3 and yS T-cell receptor+earing 
lymphocytes were determined from patients with bacterial meningitis (Haemophilis influenzae, 
Streptococcus pneumoniae, and Neisseria meningitidis), patients with bacterial infection 
but without meningitis, and healthy control subjects by a monoclonal antibody staining method. 
The in vitro production of cytokines, interleukins (IL-5 IL-6) interferon-y and tumor necrosis 
factor-o was measured by the bioassay or ELISAs. 
Results: The percentage of circulating y6 T cells with a CD3 + CD4 + CD8 - phenotype was 
significantly (p < 0.001) increased in all patients with bacterial meningitis compared with 
patients with bacterial infection and healthy control subjects. The CD3 + y8 T cells from 
patients with meningitis produced high& elevated levels of two proinfEammatoy cytokines, 
tumor necrosis factor-a and IL-6. However, interferon-y production was enhanced by CD3 + 
up T cells. 
Conclusion: The increased percentage of circulating T-cell receptor y8 T cells and their in vitro 
production of tumor necrosis factor-a and IL-6 cytokines may play an important role in the 
pathogenesis and inflammatory response in bactetial meningitis. (J ALLERGY CLIP/ IMMJNOL 
1994,.93:793-g.) 
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T cells contribute to immunity against bacterial, 
viral, and parasitic infection by recognizing for- 
eign proteins via antigenic receptors and subse- 
quently releasing immunoregulatory cytokines. 
Although most peripheral blood CD3 + T cells 
express an e$ heterodimer as an antigenic T-cell 
receptor (TcR), an average of 5% to 10% ex- 
pressed TcR ~6.‘. ’ These cells (TcR yS) usually 
express the CD3 + CD4 - CD8 - surface pheno- 
type.’ Recent evidence suggests that TcR y6 T 
cells may participate in the immune response to 
several infectious organisms and may function in 
surveillance against microbial agents and the bac- 
teria-infected cells? The precise function of y6- 
bearing T cells in immune response remains to be 
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defined. However, the elevation in 76 T cells in 
certain pathologic situations in human disease 
reveals numerous distinctions between TcR a/3 
and TcR $?I T cells, suggesting that the two types 
of T cells (o$I + and $+) may exist for quite 
different reasons. Bacterial meningitis continues 
to be a major disease of children. Haemophilus 
injluenzae, Streptococcus pneumoniae, and Neisse- 
ria meningitidis are the most common causes of 
meningitis in Saudi Arabia and elsewhere.‘. ’ Our 
recent study documented a selective T-cell abnor- 
mality with increased percentages of activated 
CD25 + and HLA-DR+ T-cell subsets in the 
circulation of most patients with bacterial menin- 
gitis.” In this study we show that in the circulation 
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of patients with bacterial meningitis, increased 
percentages of $5 T cells are present and they 
specifically secrete two proinflammatory cyto- 
kines, interleukin-6 (IL-6) and tumor necro- 
sis factor-a (TNF-a) in mitogen-stimulated cul- 
tures. 

METHODS 
Patients 

Twenty-eight patients with bacterial meningitis in 
whom the diagnosis was established by clinical signs 
and heavy positive bacterial cultures from both cere- 
brospinal fluid and blood were admitted to the pediat- 
ric ward of Asir Central Hospital, Abha or Lasson 
Infectious Disease Hospital, Abha and were eligible for 
this study. Twelve children (mean age, 2.5 years; 7 boys 
and 5 girls) had H. injluenzue meningitis. Cerebrospinal 
fluid and blood cultures from all 12 children were 
positive for H. in@enzue type B microorganisms. 
Cerebrospinal fluid and blood cultures of eight chil- 
dren (mean age, 2.2 years; 5 boys and 3 girls) grew 
S. pneumoniae, and cultures of eight other children 
(mean age, 2.6 years; 6 boys and 2 girls) grew 
N. meningitidis. All children with meningitis had fever, 
irritability, and lethargy; and most patients had addi- 
tional signs such as neck stiffness (14), bulging anterior 
fontanelle (5) and convulsions (18). There was no 
evidence of underlying immunodeficiency in these pa- 
tients with meningitis. Thirteen patients without men- 
ingitis but proven bacterial infections (4 with H. in@- 
enzae., 4 with S. pneumoniae, 2 with Staphylococcus 
aureus, and 3 with Klebsiella pneumoniae) served as 
patient control subjects. Blood samples were drawn 
from patients and patient control subjects after diagno- 
sis of disease was made and before commencement of 
therapy. Twelve healthy children (mean age, 2.6 years; 
8 boys and 4 girls) served as healthy control subjects. 
Informed consent was obtained from parents of all 
children. Twenty-three of the 28 patients with menin- 
gitis survived after therapy. 

(up and yS T-cell enumerations 

Peripheral blood mononuclear cells, isolated by the 
Histopaque-1077 (Sigma Chemical Co., St. Louis, MO.) 
density gradient centrifugation method, were analyzed 
with monoclonal antibodies (mAbs) specific for r$ and 
~6 TcRs and CD3 pan-T antigen by the standard 
indirect immunofluoresence method as described pre- 
viously. ‘, ’ The following mAbs were used: CD3 (OKT3, 
total T cells), CD4 (OKT4, helper/inducer T cells), 
CD8 (OKT8, suppresor/cytotoxic T cells), TcR c$ 
(TcR-1, cl/p WT31+ and BFl), and TcR y8 (TcR 81 
WT31-). The mAbs were purchased either from 
Ortho Diagnostics (Rariton, N.J.) or Becton Dickinson 
(Mountain View, Calif.). BFl was a generous gift of Dr. 
M. B. Brenner (Dana Farber Cancer Institute, Boston, 
Mass.) 

Purification of T-cell population 

The T cells were purified from MNC by the 2-ami- 
noethylisothiouronium bromide-treated sheep erythro- 
cyte rosetting technique.“, * The cells were then applied 
to Histopaque 1077 gradient centrifugation. The cells 
that formed rosettes (T cells) were collected from 
the bottom, and erythrocytes were removed by lysing 
with 0.83% ammonium chloride-Tris buffer solution. 
This T-cell fraction contained less than 3% of surface 
immunoglobulin-positive and 92% to 96% CD3+ 
(OKT3 mAb reactive) T cells. CD3+CD4+CD8-, 
CD3 + CD4 - CD8 + , and CD3 + CD4 - CD8 - (double 
negative) T-cell populations were isolated by use of 
OKT4 and OKT8 mAbs in an immunoabsorbent tech- 
nique described in detail previously.” ’ 

Purified CD3+ TcR c@ (91% to 96% positive for 
both OKT3 and TcR-1 al3 WT31+ mAbs) and CD3 + 
TcR yS (89% to 95% positive for both OKT3 and TcR 
61 WT31- mAbs) T cells were obtained by a solid- 
phase immunoadsorption method as described previ- 
ously.4. x 

Cytokine production 

Highly purified CD3+ TcR @3 or CD3+ TcR $ T 
cells (2.5 x lo” cells/ml) were cultured at 37” C in 
RPMI-1640 medium (Gibco, Grand Island, N.Y.) alone 
or with concanavalin A (5 &ml) for a total period of 
48 hours. Supernatants were harvested by centrifuga- 
tion and stored at -70” C until they were assayed for 
production of cytokines. 

IL-2 was measured in a standard cytotoxic assay with 
an IL-2-dependent murine CTLL cell line as described 
previously.” Interferon-2 (IFN-y) was measured in a 
standard ELISA in which two mAbs to IFN-7 (anti- 
IFN-y) (Genzyme Corp., Boston, Mass.; Hoffman-La 
Roche, Basle, Switzerland) were used as catcher and 
tracer antibodies. IL-6 and TNF-a levels were each 
measured with commercially available ELISA kits 
(Genzyme Corp.). In each assay the appropriate recom- 
binant human cytokines were used to generate the 
standard curves. Sensitivity of the various assays was as 
follows: IL-2, 5 U/ml; IFN-r, 3 U/ml; IL-6, 5 U/ml; and 
TNF-a, 10 pgiml. 

Endotoxin assay 

Serum levels of endotoxins (bacterial lipopolysaccha- 
ride) were determined by the ELISA with a chromoge- 
nic substrate, S2423, with a commercially available kit 
(Whittaker Bioproducts Kit 56-640U; Whittaker Bio- 
products, Walkersville, Md.) according to a previously 
described method.’ 

RESULTS 
T-cell subsets 

Patients with bacterial meningitis had almost 
normal percentages of total CD3 + T cells (pa- 
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FIG. 1. CD3+ T-cell receptor y8 T cells in blood of patients with bacterial meningitis (A, 
H. influenzae; 13, S. pneumonia; and C, N. meningitidis), patients with bacterial infections without 
meningitis (H. influenzae, S. pneumonia, S. aureus, and K, pneumonia), and healthy control 
subjects. Horizontal bar represents mean. “p c 0.001 versus healthy control subjects and 
patients with bacterial infections. 

tients with meningitis, 74.4% k 6%; patients with 
bacterial infection, 72.5% k 8%; healthy control 
subjects, 72.8% k 6%) but elevated percentages 
of CD4 + (patients with meningitis, 57.2% + 5%; 
patients with bacterial infection 40.5% k 4%; 
healthy control subjects, 42.7% k 5%) and re- 
duced percentages of CD8+ (patients with men- 
ingitis, 18.4% + 3%; patients with bacterial infec- 
tion, 25.0% + 4%; healthy control subjects 
24.2% k 5%) T-cell subsets in circulation. 

CD3 + $2~ T cells 

The percentage distributions of CD3+ yS T 
cells in 28 patients with bacterial meningitis, 13 
patients with bacterial infections without menin- 
gitis (patient control subjects), and 12 healthy 
control subjects are given in Fig. 1. The CD3+ 
$+ T cells were significantly increased in the 
circulation of patients with meningitis compared 
with the healthy control subjects (p < 0.001). 
CD3 + yS T cells were also slightly increased in 
patient control subjects as compared with healthy 
control subjects, but these values were signifi- 

cantly lower than those for patients with menin- 
gitis @ < 0.01). 

Phenotype of CD3 + yS T cells 

We next determined the phenotype of CD3+ 
@3 and CD3-t yS T cells from six subjects each 
from the meningitis, patient control, and healthy 
control groups (Table I). CD3+ al3 T cells were 
significantly decreased and CD3 + yS T cells were 
increased in the meningitis group compared with 
the control group (p < 0.001). There was no ma- 
jondifference in the TcR c@ and TcR yS expres- 
sions on CD3+CD4-CD8+ and CD3+CD4- 
CD8- T cells among meningitis, patient control, 
and healthy control groups. T-cell phenotypes of 
TcR al3 and TcR yS cell also did not show a major 
difference between patient control and healthy 
control groups. However, of interest is that 
CD3 + CD4 + CD8 - (helper/inducer) T-cell sub- 
sets expressing TcR yS were increased signifi- 
cantly in the meningitis group compared with the 
patient control group (p < 0.001). 

We have also determined that the CD3 + 
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TABLE I. TcR cQ3 and TcR $3 expressing T-cell subsets in bacterial meningitis 

Patients with Patients with Healthy control 
bacterial meningitis bacterial infection 

T cells 
subjects 

TcR expression (n = 6) (n = 6) (n = 6) 

CD3 + TcR ap 58 * 5* 87 r 6 89 rt 8 
TcR y6 37 5 4* 15 k 3 92.3 

CD3 + CD4 + CD8 - TcR c$ 51 + 5* 83 k 5 91 r h 
TcR y6 43 i 4* 1.5 5 3 hi-7 

CD3 + CD4 - CD8 + TcR c$ 81 + 6 88 t 6 93 t 5 
TcR yS 13 k 3 8~3 ht2 

CD3 + CD4 - CD8 - TcR u/3 5kl 5t1 3t1 
TcR y6 13 r 3 81-2 11 ?I 2 

Percentages of positive cells are expressed as means f  SEM. Purified total CD3+ T cells and CD3+ CD4+CD8-, 
CD3 + CD4 - D8 + , and CD3 + CD4 - CD8 - T-cell subsets were stained with mAb to TcR c@ and TcR $5 antigens. Patients 
and control subjects are similar to those in Table II. 

*p < 0.001 versus bacterial infection and healthy control groups. 

TABLE II. Cytokine production by TcR @ and TcR $3 T cells 

Cells from IL-2 (U/ml) IL-6 (U/ml) lFN--y (U/ml) TNFcv (pg/ml) 
. 

Patients with bacterial meningitis 
CD3 + TcR cq3 35 k 5 61 k 6 138 k 18* 198 + 23 
CD3 + TcR y6 16 2 3 94 k 10* 18 + 6 384 t 36* 

Patients with bacterial infection 
CD3 + TcR crp 98 L 14 45 + 5 67 k 8 154 * 17 
CD3 + TcR yS 53 k 7 25 + 3 20 2 4 98 ?I 18 

Healthy control subjects 
CD3 + TcR @3 104 k 16 41 t 5 53 2 6 164 t 28 
CD3 + TcR y6 61 r 5 18 +- 3 21 k 4 45 + 10 

Data are means t SEM from six patients each from the bacterial meningitis group (H. injluenzue, S. pneumonia, 3 patients each), 
and the bacterial infection group (H influenzue, S. pneumonia, 3 patients each) and six healthy control subjects. TcR ap and TcR 
y?i purified T cells were cultured with concanavalin A (5 k/ml) for 48 hours, and supernatants were analyzed for secretion of 
various cytokines. 

*p i 0.001 versus bacterial infection and healthy control groups. 

TcRaP and CD3 + TcRyG T cells measured in 13 
patients with bacterial meningitis returned to al- 
most normal levels (CD3+ TcRap, 81% + 6%; 
CD3 + TcRyS, 16% + 5%) after recovery from 
meningitis (approximately 16 to 28 days after 
therapy). 

Cytokine production by CD3+ y8 T cells 

Because our data indicated a significant in- 
crease in the CD3 + y6 and a concomitant de- 
crease in the CD3 + @3 T cells in patients with 
meningitis, we further compared the functional 
capacity of these TcR CYP and TcR -yS T cells to 
secrete proinflammatory cytokines such as IL-2, 
IL-6, IFN-y, and TNF-a after in vitro culture with 
concanavalin A (Table II). IL-2 production was 
lower in patients with meningitis compared with 
control subjects. There was no major difference in 

cytokine production by these TcR ap and TcR yS 
T cells between patient control subjects (bacterial 
infection) and healthy control subjects. In con- 
trast, highly elevated levels of TNF-a and IL-6 
production were observed in the CD3 + $5 T cells 
from patients with meningitis. Of interest, how- 
ever, is that CD3+ C$ T cells from patients with 
meningitis produced higher levels of IFN-7 as 
compared with their counterparts from patient 
control subjects and healthy control subjects (p < 
0.001). 

No spontaneous (unstimulated T cells) produc- 
tion of IL-2, IL-6, IFN-y, and TNF-a was ob- 
served in patients with bactrial infection (without 
meningitis) or healthy control subjects. Unstimu- 
lated T cells from patients with bacterial menin- 
gitis also did not produce any IL-2. However, in 
patients with bacterial meningitis unstimulated 
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CD3+ TcRaB T cells produced IFN-y (20 k 
4 U/ml) and TNF-(w (18 + 3 pg/ml), whereas un- 
stimulated CD3 + TcRyG T cells produced 
IL-6 (15 2 3 U/ml) and TNF-(Y (32 2 6 pg/ml). 

Serum levels of endotoxins 

The serum levels of endotoxin in 28 patients 
with bacterial meningitis (mean, 186 + 61 pg/ml) 
were significantly more elevated than those in 13 
patients with bacterial infection (mean, 59 t 20 
pg/ml) and 20 age-matched healthy control sub- 
jects (mean, 8.7 ? 3.2 pg/ml) (p < 0.001). 

DISCUSSION 

Our study suggests that proliferation and ex- 
pansion of CD3 + CD4 + CD8 - ~6 + helper/in- 
ducer T-cell subsets leads to the release of two 
prime proinflammatory cytokines, TNF-a and 
IL-6, which are important in the immunopatho- 
logic processes of bacterial meningitis. There 
seems to be a possible relationship between en- 
dotoxin effect, specifically on yS T cells, and 
release of TNF-(x in this disease. This possibility is 
supported by our demonstration of high serum 
levels of endotoxins and earlier evidence of pref- 
erential release of TNF-a in serum of patients 
with meningitis and septicemia or both.‘.” 

The mechanisms that determine the selection 
of y6 T cells with CD4 + CD8 - phenotype and in 
vitro release of TNF-a and IL-6 by these cells is of 
considerable importance to our understanding of 
pathophysiology and inflammatory responses in 
meningitis. On the contrary, the release of IFN-?/ 
by the other cxp T cells could be a part of immune 
response to infection, although the full pattern of 
cytokine production and release in circulation 
remains to be elucidated. IFN-?/ constitutes an 
important link in the cytokine network, and IFN-y 
itself has little or no direct inflammatory activity.” 
Further studies are required to determine why CUB 
and $5 T cells show such variations in TNF-a, 
IL-6, and IFN-?/ secretion. The profile of cytokine 
messenger RNA expression from the purified c@ 
and $5 T cells could be an appropriate first step in 
this direction in investigations of patients with 
meningitis. 

Reactivity of $5 T cells to stress protein and 
heat shock proteins has been well documented.6. I3 
Bacterial heat shock protein might exert an effect 
when associated with certain genetic HLA-DR 
heterodimers, which are subsequently presented 
to the immune system.6 It is possible that bacterial 
colonization could trigger y6 T-cell enrichment in 
genetically prone individuals with meningitis. Re- 

cent evidence indicates that yS T cells specialize 
in higher selective ligand recognition.14 The 
ligands for yS T cells in meningitis may not be 
simple antigens of certain bacteria but rather 
secondary autologous antigens induced during the 
infectious process in genetically susceptible pa- 
tients with meningitis. Moreover, the induction of 
$5 T cells by autoantigens may not automatically 
result in autoimmune manifestations of infectious 
diseases. 

TNF-(w and IL-6 are now recognized as primary 
mediators in the pathogenesis of infection, injury 
and inflammation.“, I6 TNF-a induces the release 
of a cascade of mediators, such as IL-l and 
platelet activating factor, and IL-6 causes the 
synthesis of acute phase proteins.16. ” Microvas- 
cular endothelial cells are major targets for the 
proinflammatory activities of TNF-a and IL-6.1h. ” 
IL-l, platelet activating factor, and acute phase 
proteins all act synergistically with TNF-cx and 
IL-6 to amplify microvascular damage and delete- 
rious inflammatory changes. The data presented 
here suggest a strong correlation between expan- 
sion of $5 T cells and their secretion of TNF-ol 
and IL-6 and the clinical manifestations of bacte- 
rial meningitis. Earlier production of TNF-a, 
IL-l, and platelet activating factor was shown to 
be a fundamental event in the initiation and 
maintenance of the inflammatory response in the 
central nervous system during the course of bac- 
terial meningitis.‘” 

Taken together, our data clearly indicate that in 
patients with bacterial meningitis, a selective ex- 
pansion of CD3 + CD4 + CD8 - T-cell subsets 
that express the TcR yS consistently occurs. In 
addition, increased $5 T cells correlated with the 
enhanced production of proinflammatory cyto- 
kines, TNFa, and IL-6. However, in the healthy 
individuals and patients with bacterial infection 
but without meningitis, the CD3 + CD4 + CD8 - 
T cells represent a minority of the TcR y6 popu- 
lation, although most express the TcR oll3. In- 
creased proportions of y6 T cells have been found 
in selective infectious diseases, such as in acute 
Epstein-Barr virus infection,” leprosy and other 
mycobacterial diseases,“, 6 human immunodefi- 
ciency virus-l infections,’ and some parasitic dis- 
eases.‘. 4 The elevation of $5 T cells and their 
secretion of TNF-(x and IL-6 may be more impor- 
tant in the pathogenetic mechanisms of inflamma- 
tory response in bacterial meningitis, because 
CD3+ TcRyG T cells returned to almost normal 
levels after meningitis had resolved in such pa- 
tients. The novel features of y6 T cells in bacterial 
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meningitis should be added to the immune system 
abnormalities already reported in these pa- 
tients.‘, lo3 I8 
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