
474

Natural T, gd, and NK Cells in Mycobacterial, Salmonella, and Human

Immunodeficiency Virus Infections

Janine Jason,1 Ian Buchanan,1 Lennox K. Archibald,3

Okey C. Nwanyanwu,4 Michael Bell,3

Timothy A. Green,2 Angelia Eick,1 Alison Han,1

Dustin Razsi,1 Peter N. Kazembe,5 Hamish Dobbie,5

Madhu Midathada,1 and William R. Jarvis3

1HIV Immunology and Diagnostics Branch, 2Division of AIDS, STD,

and TB Laboratory Research, and 3Investigation and Prevention

Branch, Hospital Infections Program, National Center for Infectious

Diseases, and 4Office of Global Health, Centers for Disease Control

and Prevention, Atlanta, Georgia; 5Lilongwe Central Hospital

and Community Health Sciences Unit, Ministry of Health

and Population, Lilongwe, Malawi

NK cells, gd T cell antigen receptor chain–positive cells, and CD3+CD16/56+ (natural T

[NT]) cells are involved in innate immunity and immunoregulation; however, their role in

clinical infection is not well defined. Cytofluorometric analysis was used to examine peripheral

blood from bacteremic, nonbacteremic, and healthy human immunodeficiency virus

(HIV)–positive and –negative persons in Malawi, Africa. Mycobacteremia was associated with

a higher proportion of CD3+CD82 gd cells (median, 16.6% vs. 0.7% for all other cells; P !

), and Salmonella bacteremia was associated with a higher proportion of NT cells (4.3%.001

vs. 2.2%; ). HIV plasma RNA levels were weakly positively correlated with NT cellsP p .002

( ; ), NK cells ( ; ), and gd cells ( ; ). Comparedr p .39 P p .002 r p .38 P p .003 r p .43 P ! .001s s s

with patients who survived, patients who died had a higher percentage of NT cells (3.7% vs.

1.9%; ) and a higher percentage of NT cells that spontaneously produced interferon-P p .017

g (2.4% vs. 1.2%; ). The data support the clinical relevance of gd and NT cells inP p .035

mycobacterial, Salmonella, and HIV infections and of NT cells in mortality.

Several cell types involved in innate immunity play important

roles in antimicrobial activity and in the immunoregulation of

cells involved in acquired immunity. NK cells were among the

first of these cell types to be examined extensively in humans,

especially in relation to human immunodeficiency virus (HIV)

infection [1–3]. NK are CD32 lymphocytes with a distinctive

histology, function, mechanism of action, and phenotype (e.g.,

expression of CD16 and/or CD56) [4, 5].

Natural T (NT; sometimes referred to as NKT in the liter-

ature) cells, a second immunoregulatory cell type involved in

innate immunity, express CD3 and are, therefore, T lympho-

cytes. NT cells have been reported to express various NK mark-

ers, but these markers have varied among the laboratories that

investigate NT cells. In this report, NT cells will refer to CD31
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lymphocytes that co-express the classic NK marker CD16 and/

or CD56.

We reported elsewhere that NT cells may be involved in HIV-

related mortality [6]. Specifically, in a study of bloodstream

infections (BSIs) in febrile, hospitalized Thai patients, we found

that having a higher proportion of these cells that produce

tumor necrosis factor (TNF)–a, a type 1 proinflammatory cy-

tokine, was associated with lower mortality, but only in patients

with palpable cervical lymphadenopathy and nonacute HIV

infection [6].

Many researchers are investigating a third, relatively small,

population of T cells, referred to as gd cells, that are involved

in innate immunity. Like other T cells, gd cells are coupled to

the antigen-independent CD3 molecule, but they have gd T cell

antigen–receptor chains, rather than ab chains, that form the

antigen-specific portion of the T cell–antigen receptor. gd T

cells have been studied in relation to various infections [7],

including HIV [8, 9], mycobacterial infections [10–12], and bac-

terial infections, such as Salmonella [13, 14].

The NK, NT, and gd lymphocyte populations share certain

characteristics, and some human gd cells express a variety of

NK receptors [15]; however, their relationships to one another

have not been defined. All 3 lymphocytes are non–major his-

tocompatibility complex (MHC) restricted and can recognize

nonpeptide antigens [4, 5, 7, 9, 16, 17]. All are quantitatively

small cell populations in the peripheral blood, are normally

present in all humans, are involved in innate immunity, and

appear to have important immunoregulatory properties, es-
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Table 1. Characteristics of immune study participants, by type of bloodstream

infection (BSI).

Characteristic

MB

(n p 10)

Salmonella BSI

(n p 13)

Other BSI

(n p 46)

BC2

(n p 97)

Controls
a

(n p 62)

Male
b

78 46 42 45 NO

Median age,

years (range)
c

37 (22–43) 34 (22–48) 30 (14–61) 28 (13–60) NO

HIV-positive
d

100 92 62 71 40

Mortality
e

33 44 16 13 0

NOTE. Data are %, except as noted for age. MB, mycobacteremia; BC2, blood culture

results negative for BSI; NO, not obtained; HIV, human immunodeficiency virus.
a

One control subject was excluded for technical reasons.
b

Sex was not recorded for 4 patients, including 1 in mycobacteremia, 1 in other BSI, and

2 in BC2 groups.
c

Age was not recorded for 6 patients, including 1 in mycobacteremia, 1 in other BSI, and

4 in BC2 groups.
d

HIV status was unknown for 1 patient and 22 controls.
e

Outcome was unknown for 24 patients.

pecially in relation to antimicrobial immunity and autoim-

munity. For all 3 lymphocytes, immunoregulation appears to

occur secondary to fluctuations in their production of type 1

and/or type 2 cytokines under various conditions. These cy-

tokine patterns influence the development, cytokine production,

and activity of nearby peptide antigen–specific immune cells.

To further investigate the roles of these 3 lymphocyte types

in antimicrobial immunity and to expand our previous inves-

tigation in Thailand, we evaluated adults admitted to a com-

munity hospital in Lilongwe, Malawi. As in Thailand, the eval-

uations were done as part of a study to assess the incidence

and causes of BSIs in persons in developing countries. In par-

ticular, we examined the relationships of NK, NT, and gd cells

with mycobacterial and Salmonella BSIs and with HIV. We also

explored whether any relationship exists between NT and gd

cells—2 T cells that serve similar functions.

Methods

Patients. At the Lilongwe Central Hospital, 471 febrile (oral

temperature, 387C), hospitalized patients who were 13–64 years old

(median, 30 years) were enrolled in a study to assess the incidence

of BSIs. Half these patients were male, 73% were positive for HIV

antibody, and 28% had a blood culture result positive for a BSI.

For each febrile participant, HIV antibody testing was done at

the hospital, a medical history was obtained, and a physical ex-

amination was done by one of the investigators. For a random

subset of 166 of these 471 patients and for 62 afebrile, asympto-

matic local volunteers (controls; table 1), measurements of various

immune parameters were determined by flow cytometry at admis-

sion or during the same time period that patient samples were

obtained. These measurements included assessment of intracellular

cytokines and percentages of lymphocytes that expressed gd, CD3,

CD8, and/or CD16/CD56. HIV antibody testing was done for 40

of the 62 controls.

As in most developing nations, HIV-infected persons in this study

neither were receiving antiviral therapies nor were being monitored

for changes in CD4 cell counts or HIV plasma RNA levels. How-

ever, we determined HIV-1 plasma RNA levels for 48 patients and

13 controls at the Centers for Disease Control and Prevention

(CDC) by use of a Roche Monitor (version 1.5; Roche Diagnostics,

Indianapolis), which has a lower detection limit of 400 copies/mL.

Of the 48 patients, 26 had a BSI (mycobacteria, 1; Salmonella, 11;

other BSIs, 14) and 22 were febrile and had blood culture results

negative for a BSI.

Laboratory procedures. Blood samples were cultured, as de-

scribed elsewhere [6]. Plates were incubated at 357C for 7 days, and

the cultures were examined each day during incubation. These cul-

ture techniques readily detect pathogenic bacteria, fungi, and my-

cobacteria species.

Blood was prepared for cytokine stimulation, as described else-

where [6]. For induced cytokine expression, blood was stimulated

for 5 h at 377C with 200 ng/mL phorbol 12-myristate 13-acetate

(PMA) and 4 mg/mL ionomycin (both from Sigma, St. Louis) in

the presence of 40 mg/mL brefeldin-A (Sigma) and RPMI 1640 with

L-glutamine. For spontaneous cytokine expression, blood was in-

cubated under the conditions noted above, but the media lacked

PMA and ionomycin. After being washed, the red blood cells were

lysed with ammonium chloride solution and then lymphocytes were

permeabilized and fixed (Ortho Permeafix; Ortho Diagnostic Sys-

tems, Raritan, NJ). After being processed, the samples were shipped

at 47–87C to the CDC for further analysis. For standard surface

phenotypic markers (e.g., CD4, CD45RO), values for unstimulated

cells are used herein.

Flow-cytometry reagents. Fluorescein isothiocyanate (FITC)–

conjugated, phycoerythrin (PE)–conjugated, PE–cyanine 5 (PE-

Cy5), peridinin chlorophyll protein (PerCP)–conjugated, and al-

lophycocyanin (APC)–conjugated murine monoclonal antibodies

were obtained from the following sources: Becton Dickinson Im-

munocytometry Systems/PharMingen (BD), San Jose, CA (CD3,

CD4, CD8, CD45RO, CD16, CD56, interleukin [IL]–4); Immune

Source, Reno (interferon [IFN]–g, TNF-a); CalTag Laboratories,

Burlingame, CA (CD8); and Endogen, Woburn, MA (T cell antigen

receptor chains gd, d1, and d2). Isotype controls were obtained from

BD. All staining was done after permeabilization to detect both

surface and cytoplasmic antigens. The antigens assessed in this

study provided reliable results with staining, when the permeabil-

ization protocol was followed (data not shown).

Peripheral blood mononuclear cells from study participants were

stained with 1 of the 2 following combinations: (1) T cell receptor
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Figure 1. gd and natural T cell parameters that were significantly related to the type of bloodstream infection (BSI). Boxes indicate values

between the 25th and 75th percentiles; horizontal lines represent medians; vertical lines are the farthest values within 51.5 3 the interquartile

range from the 25th and 75th percentiles; circles represent outliers. BC2, blood culture results negative for BSIs. Note that scales differ among

panels.

gd–FITC, CD14-PE, CD8–PE-Cy5 or PerCP, and CD3-APC or

(2) TNF-a–FITC, CD16/56-PE, CD3–PE-Cy5 or PerCP, and INF-

g–APC. In addition, the gd T cell population of 9 individuals (4

HIV-positive patients with mycobacteremia [MB] and 5 patients [3

HIV-positive] who had BSI-negative blood culture results) for

whom stored cells were available was further assessed, by using

various combinations of d1 or d2-FITC, IL-4–PE, CD16/56-PE,

CD3-PerCP, IFN-g–APC, and CD45RO-APC.

Flow cytometry. Samples were stained after shipment to the

CDC. Staining was done at room temperature for 30 min in the

dark. Four-color flow cytometry (FACSort or FACSCalibur; BD)

was done by using CellQuest software (BD). Between 50,000 and

80,000 events were collected from each tube in the panel. Lym-

phocytes were defined on the basis of forward and side light scatter.

Analytic techniques. Analyses included data for all lympho-

cytes, including CD31 cells, CD31CD81 cells, CD31CD82 cells,

CD31CD16/561 cells (NT), CD32CD16/561 cells (NK), and gd1

lymphocytes. Within the gd1 population, analyses included data

for the CD81 and CD82 cell subpopulations. For stored cells that

were analyzed at a later time, d11 and/or d21 lymphocytes, the 2

alleles of the d chain, were examined.

Statistical techniques. Dichotomized subgroups were com-

pared by using the Wilcoxon rank sum and signed rank tests and

Spearman correlation coefficients. Proportions were compared by

using Fisher’s exact or Pearson’s x2 tests. Data analyses were done

by using data for all participants and were repeated for HIV-posi-

tive participants, since all the participants with MB were HIV pos-

itive. To better differentiate the effects of HIV infection and “other

BSIs,” we performed logistic regression analyses, while controlling

for HIV disease severity, and compared parameter values between

various pairs of BSI subgroups (patients with MB, patients with

Salmonella bacteremia, patients with other BSIs, patients with

blood cultures negative for BSIs, and controls) and between pa-

tients who survived and those who died. For these analyses, CD4

cell percents (CD4%) or HIV plasma RNA levels were used as an

independent variable indicative of HIV disease severity; thus, the

logistic regression significance level for each immune variable in-

dicates its significance, while controlling for the effects of HIV

disease severity.

For analyses with outcome as the dependent variable, we also

used BSI group as an independent, 5-category variable; thus, both

the CD4% and infection effects were controlled for in these analy-

ses. Spearman’s rank correlations (rs) were computed to assess cor-

relations with plasma levels of HIV RNA and with CD4%; for

samples with undetectable levels of RNA, the analysis value was

set at half the lower limit of the assay (200 copies/mL). The sig-

nificance level for all analyses was set at . Box plots wereP ! .05

constructed and drawn by using S-PLUS (MathSoft, Seattle).

Results

gd were associated with MB, and NT was associated with

Salmonella bacteremia. Participants with MB included 9 pa-

tients with Mycobacterium tuberculosis and 1 with M. avium–

intracellulare complex. All patients with MB were also HIV

positive. Participants with MB had the lowest median CD4%,

which was indicative of more-severe HIV disease (2.6% vs. 5.7%
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Figure 2. Dot plots of gd expression by lymphocytes, by type of

bloodstream infection. FITC, fluorescein isothiocyanate conjugated;

PE, phycoerythrin conjugated; PE-Cy5, phycoerythrin–cyanine 5 con-

jugated; PerCP, peridinin chlorophyll protein conjugated; Fl 1 and Fl

3, fluorochrome 1 and 3.

Figure 3. Dot plots of CD16/56 expression by lymphocytes, by

mortality status of the subjects. Right upper quadrant represents

CD31CD16/561 (natural T) cells. PerCP, peridinin chlorophyll protein

conjugated; PE, phycoerythrin conjugated; Fl 2 and Fl 3, fluorochrome

2 and 3.

for Salmonella bacteremia, 15.7% for those with other BSIs,

10.4% for those with BSI-negative blood culture results, and

34.7% for controls). With logistic regression analyses, only the

percent of lymphocytes and the percent of CD31CD82 lym-

phocytes that expressed gd significantly differentiated the group

with MB from all other infection groups (table 2, figure 1).

Persons with MB had the highest percentage of these cells (fig-

ure 2).

Despite the small number of patients with MB, differences

were highly significant, even after we controlled for the effects

of HIV disease severity (CD4%) with logistic regression analy-

sis. In later analyses that used stored cells, patients with MB

( ) had a higher proportion of d1 T cells than did partic-n p 3

ipants with BSI-negative blood culture results ( ) (mean,n p 4

19.7% vs. 4.8%; median, 15.0% vs. 4.5%; ). PatientsP ! .001

with MB also had a higher proportion of d2 cells (mean, 16.3%

vs. 5.3%; median, 10.0% vs. 5.5%; ).P p .008

Subjects with Salmonella bacteremia had the highest per-

centage of NT (table 2 and figure 1); this was true for those

who survived and those who died. Logistic regression analysis

for the percentage of NT cells could not be completed between

and participants with MB and those with Salmonella bacter-

emia but was significant between those with Salmonella bac-

teremia and those with other BSIs and between those with

Salmonella bacteremia and the control participants, again even

with the effect of HIV disease severity taken into account.

NT were strongly associated with mortality. The percentage

of lymphocytes that were NT cells was highly variable, ranging

from 0.1% to as high as 21%. Patients who died had a higher
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Table 2. gd and natural T (NT) cell parameters significantly related to type and presence of

bloodstream infection (BSI) in logistic regression analyses.

Variable, patient group Median

P
a

vs. Patients

with MB

vs. Patients

with SB

Percentage of all lymphocytes that express gd

Patients with MB (n p 10) 4.6 Referent .002
b

Patients with SB (n p 13) 0.4 .002
b

Referent

Patients with other BSIs (n p 46) 0.7 .001
b

NS

Patients with negative blood culture results (n p 97) 0.8 .002
b

NS

Controls (n p 61) 0.4 !.001
b,c

NS

Percentage of CD31CD8 2 lymphocytes that express gd

Patients with MB 16.6 Referent .001
b

Patients with SB 0.2 .001
b

Referent

Patients with other BSIs 1.1 !.001
b

NS

Patients with negative blood culture results 1.0 !.001
b,c

NS

Controls 0.4 !.001
b

NS

Percentage of lymphocytes that express CD3 and CD16/56 (NT)

Patients with MB 3.1 Referent .054
d

Patients with SB 4.3 .054
d

Referent

Patients with other BSIs 2.2 NS .002
b

Patients with negative blood culture results 2.1 NS .004

Controls 2.3 NS .017
b

NOTE. MB, mycobacteremia; SB, Salmonella bacteremia; NS, not significant.
a

By Wilcoxon rank sum test, comparisons remained significant in a logistic regression analysis, including

human immunodeficiency virus disease severity, as represented by CD4%.
b

CD4%.
c

Interaction between CD4% and immune parameter.
d

Logistic regression analysis could not be done because of a complete separation of points.

percentage of NT cells ( ; figures 3, 4); this differenceP p .013

remained highly significant in a logistic regression analysis in

which we controlled for both HIV disease severity, as repre-

sented by CD4%, and infection group (table 3). Also, a higher

percentage of NT lymphocytes were spontaneously producing

IFN-g ( ) and IFN-g and TNF-a ( ; table 3P p .044 P p .025

and figure 4). The percentage of NT cells with induced cytokine

production did not differ significantly between patients who

lived and those who died (IFN-g, 38.9% vs. 35.2%; TNF-a,

27.5% vs. 28.6%; both cytokines, 16.6% vs. 12.1%) and neither

did the percentage of NT cells that spontaneously produced

TNF-a (2.0% vs. 4.0%; in univariate testing,P p .103 P p

in logistic regression analysis)..072

NK, gd, and NT cells were all weakly correlated with HIV

disease severity. For all HIV-positive participants, CD4%, an

indicator of HIV disease severity, was significantly negative-

ly correlated with the percentage of lymphocytes that were

NK cells ( ; ), the percentage that werer p 20.31 P ! .001s

gd cells ( ; ), and the percentage that werer p 20.31 P ! .001s

CD31CD82 gd cells ( ; ). HIV disease sever-r p 20.33 P ! .001s

ity, as represented by CD4%, was positively correlated with the

percentage of NK cells induced to produce IFN-g ( ;r p .29s

). Since participants with MB all were HIV positive,P p .001

with very low CD4%, these patients could have disproportion-

ately skewed the analysis; therefore, they were removed, and

the analysis was repeated to assess whether this group biased

the statistical result. When this was done, the percentage of NT

cells induced to produce TNF-a was also somewhat correlated

with HIV disease severity, as indicated by CD4% ( ;r p 0.18s

). Plasma levels of HIV RNA were positively corre-P p .048

lated with the percent of lymphocytes that were NT cells

( ; ; ), NK cells ( ; ;r p 0.39 P p .002 n p 60 r p 0.38 P p .003s s

), and gd cells ( ; ; ).n p 61 r p 0.43 P ! .001 n p 61s

gd and NT cells are highly overlapping populations (analyses

of stored cells). A significantly higher proportion of (but not

all) d1 and d2 T cells expressed CD16/56 than did all CD31

lymphocytes from the same patients ( ; mean, mediann p 6

[range]: 40.7%, 33% [21%–86%]; 29.5%, 23% [9%–69%]; and

7.7%, 8% [1%–19%], respectively) ( for both g1 andP p .008

g2 vs. CD31 lymphocytes). Since d1 and d21 T cells are included

in the value for the entire CD31 cell population, the value for

ab T cells would be even lower than and more discordant from

the d1 T cells than the value for the entire CD31 cell population.

The ratio of d2/d1 did not vary significantly by HIV status (1.6

vs. 1.3) or by blood culture status (1.6 vs. 1.2). The percentage

of cells that expressed CD45RO did not vary significantly

among d1, d2, and all CD31 cells (data not shown).

Proportionately more d1 and d2 T cells produced type 2 cy-

tokines (stored cells). Many d1, d2, and CD31 lymphocytes

could be induced to produce IFN-g, a type 1 cytokine. The

proportion of lymphocytes that produced this cytokine did not

differ significantly among these 3 T cell types; however, a small

and variable, but significantly higher, proportion of both d1

and d2 T cells produced IL-4 than did all CD31 cells ( ,n p 7

mean, median [range]: 3.1%, 1% [0%–10%]; 4.1%, 1% [1%–8%];

and 0.7%, 0% [0%–2%], respectively) ( for g1 andP p .016
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Table 3. Natural T (NT) cell parameters significantly related to mortality status, in logistic

regression analyses.

Parameter

Patients

who survived

(n p 117)

Patients

who died

(n p 24) P
a

b Estimate 95% CL

Percentage of NT
b

1.9 3.7 .006 2.327 2.576, 2.108

Percentage of NT that spontaneously

produce cytokines

IFN-g
c

1.2
d

2.4 .041 2.138 2.273, 2.002

TNF-a and IFN-g
e

0.3
f

0.5 .001 2.540 2.884, 2.223

NOTE. CL, confidence limits; IFN-g, interferon-g; TNF-a, tumor necrosis factor–a.
a

Initial logistic regression analyses included parameter, severity of disease (CD4%), and a variable for infection

category. Variables that did not contribute significantly to model were removed before final analyses.
b

For percentage of NT, CD4% contributed to the model ( ; b estimate, .081; 95% CI, .022–.160) butP p .019

infection group did not.
c

For percentage of NT that produced IFN-g, the contributions were similar.
d

n p 116.
e

For the percentage of NT that produce IFN-g and TNF-a, infection group contributed ( ; b estimate,P p .008

.466; CI, .118–.811) but CD4% did not.
f

n p 115.

Figure 4. Natural T cell parameters that were significantly related to the mortality status of patients. Boxes indicate values between the 25th

and 75th percentiles; horizontal lines represent medians; vertical lines are the farthest values within 51.5 3 the interquartile range from the 25th

and 75th percentiles; circles represent outliers. Note that scales differ among panels. IFN-g, interferon-g; TNF-a, tumor necrosis factor–a.

for g2 vs. CD31 lymphocytes). The cells that pro-P p .031

duced IL-4 did not produce IFN-g; hence, their cytokine profile

was type 2 not type 0 (figure 5).

Discussion

NT, gd, and NK cells all are involved in innate immunity

and have a less-specific immune recognition system than the

elegant one delineated for ab T cells [18, 19]. They are non-

MHC–restricted and can respond to nonpeptide and glycolipid

antigens in the context of CD1 or other non-MHC molecules

[16, 20–23]. Much of their immunoregulatory function appears

to be cytokine based, and it has been suggested that modifying

the cytokine profile of these cells could produce alterations in

the entire immune profile. For example, it was reported recently

that murine NT cells can be induced by glycolipid activation

to make IL-4 and then to modulate other T cells toward a type

2 cytokine profile [24]. These cells might be particularly im-

portant in infections that occur in immunosuppressed individ-

uals, in whom antigen-specific immunity is compromised.

Human gd cells express a variety of NK markers, but the

phenotypic and functional overlaps between NT and gd cells

have not been well explored [15]. Because these cells appeared

to be important in our patient cohort, we further examined the
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Figure 5. Dot plots of interleukin (IL)–4 and interferon (IFN)–g

production by d1-negative and d1-positive T cells. APC, allophyco-

cyanin conjugated; PE, phycoerythrin conjugated.

relationship between them, by using stored cells from Malawi

patients. This testing showed that gd and NT cells were highly

overlapping, but by no means identical, populations. Further-

more, consistent with a previous murine study [24], we found

that a small, but significantly higher, proportion of gd cells than

all T lymphocytes of these patients produced the type 2 cytokine

IL-4 when stimulated in vitro.

An increasing amount of data suggests that NK, gd, and NT

cells may play disproportionately large roles in the regulation

of antimicrobial immunity, in particular against mycobacteria,

Salmonella, and HIV. However, their role in clinical infection

is not as well defined as that in murine models and in vitro

systems. In studies of pulmonary tuberculosis, the proportions

of peripheral blood gd cells have been described variously as

not changing [11, 25], increasing [26], or decreasing (V [variable

region]g9
1Vd2

1) [27]. In one report, the proportion did not

change, but these cells were highly activated [11]. With Sal-

monella infection, peripheral blood gd cells were reportedly in-

creased, and they increased even more with systemic infection

( patients) than with localized gastrointestinal infectionn p 6

( patients) [13]. NK and gd cells each has been reportedn p 14

to be involved in HIV disease and disease progression [1–3, 8,

9]. We reported elsewhere an inverse relationship between mor-

tality and the percentage of NT cells that produce TNF-a

among febrile Thai patients, but this was found only in HIV-

infected patients with cervical lymphadenopathy [6].

In the current study, we examined the relationships between

the NK, NT, and gd cell types and the occurrence of MB or

Salmonella bacteremia, severity of HIV infection, and mortality

in a cohort of febrile hospitalized persons in Malawi, Africa.

We found 3 relationships with infection. First, the proportion

of cells that expressed gd was significantly increased in patients

with disseminated mycobacterial infection, even when we con-

trolled for the severity of associated HIV infection. We did not

find a relationship between gd expression and disseminated Sal-

monella infection. Second, we found a significant association

between Salmonella infection and the percent of cells that were

NT, which perhaps indicates that some portion of the gd/NT

nonoverlapping cell population may be important in this in-

fection. Third, NK, gd, and NT cells were all weakly associated

with HIV disease severity, as represented by CD4% and/or lev-

els of HIV viral RNA, but not with the presence or absence

of HIV infection per se.

In regard to mortality, as in our previous Thai study, we

found relationships between NT cells and NT cell cytokine

production and mortality. In Thailand, we found the inducible

production of TNF-a, a proinflammatory type 1 cytokine, by

NT cells to be associated with lower mortality, but we found

this only in the HIV-infected patients with lymphadenopathy

[6]. This finding was not associated with the presence, absence,

or type of associated BSI [6]. In the Malawi study, the per-

centage of peripheral blood cells that were NT cells, the per-

centage of these NT cells that spontaneously produced IFN-g,

and the percentage of these NT cells that produced both IFN-

g and TNF-a were significantly higher in subjects who died.

Unlike the Thai patients, no Malawi patients had palpable

cervical lymphadenopathy (note: the same team performed

physical examinations in both countries.) The presence or ab-

sence of cervical lymphadenopathy was, thus, a striking dif-

ference between our 2 patient groups. Of interest, 16 cases of

bilateral cervical lymphadenopathy caused by rapidly growing

mycobacteria were reported recently from a hospital in north-

eastern Thailand [28]. It is quite possible that these or similar

pathogens could have caused the lymphadenopathy seen in our

Thai patients, all of whom were immunosuppressed by HIV

infection. Diagnoses in the reported cases were all based on
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results of lymph node biopsies [28], which could not be done

within the context of our study or by our Thai collaborators.

In a different but relevant study, lymphatic inoculation of

TNF-a was shown to cause lymphocyte retention in lymph

nodes, decreases in peripheral blood gd cells, and a differential

retention of these gd cells within the TNF-a–stimulated nodes

[29]. We hypothesize that in our Thai patients, NT cell pro-

duction of TNF-a was associated with a physiologically useful

relocation of peripheral gd cells to the site of lymph node–

localized mycobacterial infections. We suggest that, in the Ma-

lawi cohort, NT cells were also of clinical importance, but in

this case they acted deleteriously. While these are merely hy-

potheses, our data do support the importance of NT cells in

the clinical outcome of these febrile patients, many of whom

were immunosuppressed by HIV infection. Thus, our Malawi

findings support the hypothesis that NT cells may be involved

in survival and suggest that the cytokine profile of NT cells

may determine whether their role is protective or destructive.
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