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Human granulocytic anaplasmosis (HGA) is caused by the obligate intracellular bacterium Anaplasma
phagocytophilum. The critical role of gamma interferon (IFN-�) for induction of severe inflammatory
histopathology, even in the absence of a significant bacterial load, was previously demonstrated in a
murine model of HGA. We hypothesized that NK, NKT, and possibly CD8� cytotoxic T cells participate
in the development of histopathologic lesions with A. phagocytophilum infection. Mice were mock infected
or infected with low- or high-passage A. phagocytophilum and assayed for hepatic histopathology and
splenocyte immunophenotype during the first 21 days after infection. Compared to high-passage A.
phagocytophilum-infected mice, low-passage A. phagocytophilum-infected mice had more severe hepatic
lesions and increased apoptosis. The hepatic histopathology severity in low-passage A. phagocytophilum-
infected mice peaked on day 2 at the time of peak plasma IFN-� levels and gradually decreased through
day 21. Low-passage A. phagocytophilum-infected mice also showed significantly increased levels of lym-
phocyte NK1.1/FasL expression on days 4 to 7 corresponding to early, severe hepatic inflammation,
whereas the levels of NKT cells were substantially lower on day 4, suggesting that there was NKT cell
involvement. This result supports the concept that NK1.1� cells, including NK and NKT cells, are major
components in the early pathogenesis of A. phagocytophilum infection.

Human granulocytic anaplasmosis (HGA) is an emerging,
tick-borne disease that ranges in severity from mild to fatal. Its
causative agent, Anaplasma phagocytophilum, is an obligate
intracellular bacterium that propagates within neutrophil vacu-
oles (13). Fever, malaise, headache, myalgia, thrombocytope-
nia, and leukopenia are common during symptomatic infec-
tions in humans. Horses, dogs, and other animals that develop
febrile disease and acute infection have clinical signs similar to
those observed in humans (13, 17, 22, 26). Several models of
HGA exist, including infection of mice, which do not have
clinical signs but develop histopathology characteristic of hu-
man and equine infections, and infection of horses, which
nearly precisely mimics human infection, including the spec-
trum of clinical severity (7, 22, 23). In vitro passage alters the
clinical severity in horses such that worse clinical signs and
laboratory features are observed in animals inoculated with
low-passage A. phagocytophilum than in animals inoculated
with high-passage A. phagocytophilum (26).

The mechanisms of pancytopenia with HGA are unclear, but
some evidence points to pathogen activation of macrophages
by proinflammatory cytokines, such as gamma interferon
(IFN-�) (1, 24). Despite its ability to avoid killing by innate
immunity (31), A. phagocytophilum paradoxically induces some
innate immune responses that contribute to tissue injury and

probably disease (29). Previous studies in our laboratory ex-
amined host immune responses in a murine model and dem-
onstrated the critical role of IFN-� in induction of severe
inflammatory histopathology, even in the absence of significant
bacterial loads (23, 24, 28). Since innate immune responses and
early IFN-� production are important in the development of
histopathologic lesions in mice (24, 29), we hypothesized that
NK cells and possibly CD8� cytotoxic T cells could be acti-
vated and participate in the development of histopathologic
lesions with A. phagocytophilum infection. Moreover, as ob-
served with horses (26), we hypothesized that these cellular
and histopathologic responses vary depending upon the length
of time that the inoculum was propagated in vitro. To better
understand the events during the initial phases of infection
with A. phagocytophilum, we examined the immunophenotype
and activation status of splenocytes, their relationship to proin-
flammatory histopathology, and the production of important
cytokines in a murine model of HGA.

MATERIALS AND METHODS

Experimental animals, A. phagocytophilum culture, and infection of mice.
Female B6 mice that were 6 weeks old were purchased from The Jackson
Laboratories (Bar Harbor, ME). All animals were maintained and used in strict
accordance with the guidelines issued by the Johns Hopkins University School of
Medicine for animal care.

A. phagocytophilum strain WebsterT was maintained in RPMI 1640 medium
supplemented with 5% fetal bovine serum (FBS) and 2 mM L-glutamine until
�90% of the cells contained morulae. Cultures were coordinated so that low-
and high-passage cultures were available for simultaneous inoculation; the dif-
ference between the low- and high-passage cultures was approximately 3.5
months of continuous in vitro growth. On the day of inoculation, passage 8
(low-passage) and passage 22 (high-passage) A. phagocytophilum-infected and
uninfected HL-60 cells were centrifuged (200 � g, 10 min) to concentrate them,
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and then each cell pellet was resuspended in serum-free RPMI 1640 medium for
inoculation.

Twenty-eight mice were assigned to each of the low-passage and high-passage
A. phagocytophilum-infected and mock-infected HL-60 cell groups (total, 84
mice). Challenge was performed by intraperitoneal injection of 1 ml (106 cells/
ml) containing either heavily infected (�90% of cells infected) or uninfected
(mock-infected) HL-60 cells.

Necropsy. Four mice in each group (low-passage and high-passage A. phago-
cytophilum infected and mock infected) were necropsied 1 h after inoculation
and on days 2, 4, 7, 10, 14, and 21. The mice were sedated with CO2 gas and then
exsanguinated by cardiac puncture. The spleen and liver were sterilely harvested.
Part of the spleen was placed in RPMI 1640 medium containing 1� penicillin/
streptomycin (Invitrogen Life Technologies, Carlsbad, CA) and 10% FBS for
immunophenotyping. The liver was fixed in a zinc fixation solution (BD Phar-
mingen, San Diego, CA) and embedded in paraffin for hematoxylin and eosin
staining and histopathologic assessment. Since histopathologic lesions may not
be normally distributed among infected and uninfected mice, hepatic histopatho-
logic changes in infected and mock-infected mice were continuously ranked for
severity, focusing on the size, density, and cellularity of inflammatory lesions, the
degree of necrosis and/or apoptosis, and the number of inflammatory foci. All
evaluations were performed by investigators blinded to the type of mouse treat-
ment and were conducted by two microscopists to ensure the fidelity of ranking.
When two groups were compared, the groups were reranked to ensure that there
were the continuous variables required for nonparametric analysis. Statistical
analysis was performed using one-sided nonparametric statistical tests (Mann-
Whitney and Kruskall-Wallis tests) to compare median ranks of groups; P values
of �0.05 were considered significant, and variability was displayed by providing
maximum and minimum ranks for each group considered. Although inoculation
of uninfected HL-60 cells resulted in lower degrees of hepatic histopathologic
severity, mock infection caused some histopathologic alterations similar to those
observed in infected mice. To normalize for pathology in mock-infected mice
(mice inoculated with uninfected HL-60 cells), the median rank for the mock-
infected group at each time was subtracted from the rank of each individual
infected mouse. Normalized results were reranked to establish continuous vari-
ables and to determine significant differences in hepatic histopathology between
the low-passage A. phagocytophilum-infected mice and the high-passage A.
phagocytophilum-infected mice.

Flow cytometry analysis (immunophenotyping). Spleens from individual mice
(12 mice at each time) were minced and dispersed to obtain single-cell suspen-
sions. Cells were washed and lysed in a hypotonic salt solution to remove
erythrocytes, and then the remaining cells were washed and resuspended in
RPMI 1640 medium with 10% FBS and 1� penicillin/streptomycin. The single-
cell suspensions were stained with fluorescein isothiocyanate (FITC)-conjugated
anti-CD19 (B cells; BD Pharmingen), FITC-conjugated anti-CD4 (L3T4) (BD
Pharmingen), FITC-conjugated FasL (activated cells; BD Pharmingen), R-phy-
coerythrin (R-PE)-conjugated anti-NK1.1 (NKR-P1B and NKR-P1C) (NK cells;
BD Pharmingen), R-PE-conjugated anti-CD8a (Ly-2) (BD Pharmingen), and
isotype-matched control antibodies (BD Pharmingen) for 20 min on ice. The
stained cells were washed twice with phosphate-buffered saline containing 0.5%
bovine serum albumin (Sigma, St. Louis, MO) and 0.02% NaN3. Stained cells
were initially gated to identify lymphocyte populations and then identified and
quantitated by flow cytometry. All flow cytometry data were normalized to
expression in mock-infected mice by subtracting the mean proportion of stained
cells in mock-infected mice at each time from the individual values for the
proportion of expressing cells in infected animals at the same time. Normalized
values for each group at each time were then used to calculate a normalized
mean expression � standard deviation. Normalized mean values were compared
using paired, one-way Student’s t tests, and P values of �0.05 were considered
significant.

To determine whether NKT cells could play a role in the inflammatory
process, spleens from A. phagocytophilum-infected (passage 15) and mock-
infected mice were harvested on day 4, when NK cell populations were
peaking. Splenocytes were prepared as described above and stained with
R-PE-conjugated anti-NK1.1 and FITC-conjugated T-cell receptor (TCR)
monoclonal antibodies.

Cytokine assays. Levels of IFN-� in the plasma were determined using a
mouse IFN-� Quantikine enzyme-linked immunosorbent assay kit (R&D Sys-
tems, Minneapolis, MN) according to the manufacturer’s recommendations.
Briefly, standard or plasma samples were added to duplicate antibody capture
wells and incubated for 2 h at room temperature. Plates were washed and reacted
with biotinylated anti-IFN-� at room temperature for 2 h. After washing, cap-
tured IFN-� was detected by addition of the substrate solution, and the optical
density at 540 nm was determined using a microplate reader. Statistical signifi-

cance was determined by application of one-sided Student’s t tests and Kolmo-
gorov-Smirnov two-sample tests, and P values of �0.05 were considered signif-
icant.

RESULTS

A. phagocytophilum infection-induced immunopathology. A.
phagocytophilum hepatic histopathology was evaluated over a
21-day period. As expected, none of the mice exhibited clinical
signs of illness with infection. Infected mice often contained
small localized accumulations of lymphocytes, macrophages,
and occasionally neutrophils, with or without apoptotic cells.
These lesions were most frequently observed in the hepatic
lobules, but some were also observed in periportal regions or
adjacent to portal veins. Most infected animals also had a mild
to moderate degree of hepatitis, with lymphohistiocytic infil-
trates in hepatic lobules (Fig. 1). Low-passage A. phagocyto-
philum-infected mice had more severe hepatic lesions and a
larger number of apoptotic cells than either high-passage A.
phagocytophilum-infected mice or mock-infected mice up to
day 7 postinfection (P � 0.03, as determined by a Mann-
Whitney U test). The severity of hepatic histopathology
peaked on day 2 and gradually decreased throughout the 21
days of the experiment, returning to near the baseline at day
21. High-passage A. phagocytophilum-infected mice also had
hepatic inflammatory lesions and rank scores greater than
those of mock-infected mice on days 2 through 14, although
the severity ranks were less than those of low-passage A. phago-
cytophilum-infected mice (Fig. 2).

NK1.1/FasL, CD8, and CD4 expression on splenic lympho-
cytes following infection with A. phagocytophilum. The relative
proportions of NK1.1- and NK1.1/FasL (double-positive)-ex-
pressing splenic lymphocytes were significantly different in dif-
ferent groups (Fig. 3). Compared to both mock-infected and
high-passage A. phagocytophilum-infected mice, animals in-
fected with low-passage A. phagocytophilum had significantly
increased levels of NK1.1 expression in splenic lymphocytes on
days 4 to 7 that corresponded with early and more severe
hepatic inflammation (days 2 to 4). Many of the NK1.1� cells
also expressed FasL, and NK1.1/FasL-expressing cells in low-
passage A. phagocytophilum-infected mice were significantly
more abundant at every time after day 2 (compared to mock-
infected mice) or day 4 (compared to high-passage A. phago-
cytophilum-infected mice) (Fig. 3). Likewise, compared to the
spleens from mock-infected animals, NK1.1/FasL-expressing
cells were more abundant in spleens from high-passage A.
phagocytophilum-infected mice, but not to the degree observed
with low-passage A. phagocytophilum infections. Total FasL
expression in splenocytes was significantly higher in infected
animals than in mock-infected animals at every time from day
4 to 21 and was higher in low-passage A. phagocytophilum-
infected mice than in high-passage A. phagocytophilum-infected
mice (not shown).

Although to a lesser degree than NK1.1� cells, CD8� lym-
phocyte populations also expanded more in spleens of low-
passage A. phagocytophilum-infected animals (Fig. 3), peaking
on days 4 to 10; the CD8� lymphocyte population densities
were not different in mock-infected and high-passage A. phago-
cytophilum-infected mice. The CD4 lymphocyte proportions
increased in both infected and mock-infected animals, ranging
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from 20 to 41%, and, with the exception of day 10, did not vary
in mock-infected and infected animals (not shown). FasL ex-
pression was not examined for either CD4 or CD8� lympho-
cytes.

These data show that A. phagocytophilum infection drives
FasL expression on NK1.1-expressing cells, which expand rap-
idly after infection, particularly in low-passage A. phagocyto-
philum-infected mice. Moreover, low-passage bacteria stimu-
lated total NK (NK and NKT) and CD8� lymphocyte
responses not observed with either high-passage A. phagocyto-
philum-infected or mock-infected animals. NKT cells, as de-
fined by NK1.1/TCR expression in splenocytes, were examined
only on day 4 in infected and mock-infected animals and in a
single uninfected animal. At this time, the number of NKT
cells in infected animals was 37 to 74% of the number in
mock-infected mice and 23 to 46% of the number detected in
uninfected mice (Fig. 4).

IFN-� production. IFN-� was analyzed in plasma samples
through day 14; the average level was 52.7 � 3.3 pg/ml in
plasma from mock-infected mice, and the level did not in-
crease to more than 58 pg/ml through day 14 (P � 0.068). The
plasma IFN-� concentrations were not different in low- and
high-passage A. phagocytophilum-infected animals and were
different from the concentrations in mock-infected animals
only on day 2, when the concentrations doubled (105 and 109
pg/ml for high- and-low passage A. phagocytophilum-infected
animals, respectively), although the P values did not reach
levels of significance (P � 0.099 and 0.064, respectively, as
determined by Student’s t tests) (Fig. 5). However, the results
of IFN-� analyses were not normally distributed, and when the

FIG. 1. Hepatic histopathology in low-passage A. phagocytophilum-infected mice (top panels) and high-passage A. phagocytophilum-infected
mice (bottom panels). Note the larger inflammatory lesions (top left panel) and lobular infiltrates of predominantly lymphocytes and macrophages
with edema, focal necrosis, and apoptotic cells (top right panel). The bottom panels show similar anatomic compartments with smaller inflam-
matory lesions and infiltrates and less hepatocyte injury. The preparations were stained with hematoxylin and eosin.

FIG. 2. Median hepatic histopathology ranks for mock-infected versus
low- or high-passage A. phagocytophilum-infected mice at the time of infec-
tion through 21 days postinfection. Higher ranks correspond to higher de-
grees of severity. The error bars indicate the maximum and minimum ranks
for replicate mice in each group at each time. An asterisk indicates that the P
value is �0.05, as determined by a Wilcoxon signed-rank test comparing
median ranks after reranking at each time. Ap, A. phagocytophilum.
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nonparametric Kolmogorov-Smirnov two-sample test was used,
the levels induced by low-passage A. phagocytophilum infection
but not the levels induced by high-passage A. phagocytophilum
infection differed from the levels for mock-infected animals
through day 14 (P � 0.024 versus P � 0.222).

DISCUSSION

The mechanisms of tissue injury with A. phagocytophilum
infection are poorly understood. Certain aspects of the clinical
course, including toxic shock-like manifestations and acute re-
spiratory distress syndrome (4, 13, 22, 36), and pathological
findings, such as hepatocyte apoptosis, suggest that host im-
mune factors play a role in the pathogenesis of HGA. The
niche occupied by obligate intracellular bacteria also presents
a significant challenge to host immunity. Typically, infections
with these organisms elicit a cell-mediated immune response

that results in the production of IFN-� and up-regulation of
other proinflammatory and cytotoxic responses effective at kill-
ing intracellular pathogens (24, 35). Owing to the intracellular
niche of A. phagocytophilum, many suspect that T-cell immu-
nity is important for control of this organism, and in fact,
humans with HGA develop very high levels of the Th1 cytokine
IFN-� during active infection (14). Mice also exhibit a substan-
tial increase in the plasma IFN-� level with infection (1, 23),
and the lack of A. phagocytophilum growth restriction in SCID
and other mouse strains is consistent with an important role for
acquired immunity in controlling bacterial burdens and com-
plete bacterial killing (7, 19, 32). In addition to control of A.

FIG. 3. Total NK1.1, NK1.1/FasL, and CD8 expression in splenic
lymphocytes was significantly higher in low-passage A. phagocytophi-
lum-infected mice than in high-passage A. phagocytophilum-infected or
mock-infected mice. Splenic lymphocytes were analyzed by flow cy-
tometry using monoclonal antibodies to NK1.1 alone (top panel), to
NK1.1 and FasL (middle panel), and to CD8 (bottom panel). Staining
was performed individually, as described in Materials and Methods.
The data are expressed as the proportion of splenic lymphocytes ex-
pressing the specific immunophenotype and are means � standard
deviations. An asterisk indicates that the P value is �0.05 for a com-
parison of low-passage A. phagocytophilum-infected mice and high-
passage A. phagocytophilum-infected mice. Ap, A. phagocytophilum-
infected mice.

FIG. 4. NK1.1/TCR expression in splenic lymphocytes of mice in-
fected with A. phagocytophilum or mock infected at 4 days. The top
panel shows the two-color flow cytometric distribution of NK1.1- and
TCR-expressing cells. The bottom panel shows the reductions in NKT
cell populations in mock-infected and A. phagocytophilum-infected
mice relative to uninfected mice; the error bars indicate standard
deviations. The results shown are representative of three replicates.
Aph, A. phagocytophilum.

FIG. 5. Plasma IFN-� concentrations after infection with low- or
high-passage A. phagocytophilum or after mock infection. At day 2, the
concentrations in A. phagocytophilum-infected mice were higher than
the concentrations in mock-infected mice. An asterisk indicates that
the P value is �0.05 for a comparison with mock-infected mice. The
error bars indicate standard errors of the means. Ap, A. phagocyto-
philum.
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phagocytophilum infection, IFN-� production in the murine
HGA model is a major contributor to inflammatory tissue
injury. This is known since histopathologic lesions in IFN-�
knockout mice are completely abrogated despite a marked
increase in the pathogen load, implying a role for immune-
mediated pathology (24).

An alternate model for HGA is the horse, which develops a
febrile illness very similar to that observed in humans (26), and
the histopathologic findings for humans, horses, mice, and
other animals that develop acute infections are also strikingly
similar (22). In addition, horses experimentally infected with A.
phagocytophilum propagated in vitro for various intervals de-
velop modified disease manifestations, and in vitro culture
intervals greater than approximately 2 months (18 or more
passages) result in a phenotype with reduced disease severity
(26). The mechanisms that account for differential clinical se-
verity in horses are unclear but appear to be unrelated to the
continually changing expression of major surface protein 2
(Msp2), the immunodominant surface protein of A. phago-
cytophilum (10). To better understand the mechanisms that drive
the altered disease severity, we sought to reproduce differential
histopathologic findings observed with experimental equine
infection in the murine model after infection with isogenic low-
and high-passage in vitro-propagated A. phagocytophilum. In
addition, we sought to demonstrate whether histopathologic
phenotypes are associated with immunophenotypic changes in
potential immune effectors, focusing on probable sources of
IFN-�.

Our findings confirm previous studies showing the likely
critical role of innate immune induction as a mechanism for
tissue injury and inflammatory histopathology in the HGA
mouse model (29). Similar to other observations with the HGA
mouse model, histopathologic lesions that likely represent an-
atomic correlates of disease peak earlier and are larger in mice
infected by low-passage A. phagocytophilum than in mice in-
fected by high-passage A. phagocytophilum, and the peak oc-
curs at days 0 through 4, when adaptive immunity is not yet
established or is just beginning. In agreement with this ob-
servation is the detection of higher levels of IFN-� in the
plasma of infected mice than in the plasma of mock-infected
mice peaking on day 2, at the peak of histopathologic injury
with low-passage A. phagocytophilum. Although only dem-
onstrated by nonparametric statistical means, the greater
levels of IFN-� induced by low-passage A. phagocytophilum
infection are consistent with the early and greater his-
topathologic severity in these mice. This early peak for both
IFN-�, which has been demonstrated to be a critical com-
ponent of histopathologic injury and disease in HGA (24),
and histopathologic inflammatory hepatic injury in infected
mice strongly supports a role for innate immune-mediated
injury. Although mock infection also results in some hepatic
injury, the severity is less than the severity with an infection,
and it is unlikely that the host HL-60 cells survive long or
that chemokines produced by these cells have substantial
biological activity in mice.

Since NK1.1-expressing cells, either NK or NKT, are innate
immune cells that can produce abundant IFN-�, we examined
their role and their activation in this process (6, 21, 27). In
agreement with the differential histopathologic severity in low-
passage A. phagocytophilum-infected mice, all NK1.1� and ac-

tivated (FasL-expressing) NK1.1� cells from these animals
comprised a significantly greater proportion of the splenocytes
on days 4 and 7 than the cells in either high-passage A. phago-
cytophilum-infected or mock-infected mice comprised. Simi-
larly, CD8� lymphocytes also expanded on days 4 through 10
postinfection in mice infected with low-passage A. phagocyto-
philum compared with the levels in high-passage A. phago-
cytophilum- and mock-infected animals. Although CD8� T
cells can also express NK1.1 with activation (3), they are un-
likely to have comprised an important population at early
times in naı̈ve mice. The differential expansion of NK and
activated NK cells, as well as CD8� cells, suggests that these
cells may play an important role in the differential histopatho-
logic inflammatory severity. However, the peak hepatic inflam-
mation occurred marginally earlier than the expansion of both
activated NK1.1� and CD8� lymphocytes, and both types of
cells comprised an exceedingly small proportion of splenocytes
on day 2, at the time of peak inflammation and plasma IFN-�
levels. Whether the infiltrating cells in liver lesions include a
large population of NKT or NK cells is not known since spe-
cific immunohistologic studies were not conducted. However,
it is well recognized that up to 30% of the lymphocytes in the
liver are NKT cells, and these cells are important mediators
that link innate immunity and adaptive immunity (15, 16).

Another potential significant source of IFN-� during early
phases of infection includes NKT cells, which are implicated in
infections by the related organism Ehrlichia muris (25). Given
the discrepancy in the kinetics of NK and CD8� lymphocyte
expansion at day 4 and later versus peak plasma IFN-� and
hepatic inflammation at day 2, a role for NKT cells was sug-
gested. This suggestion was also supported by (i) significantly
reduced proportions of NK1.1� cells (including both NK and
NKT cells) at day 2 in splenocytes from infected animals,
suggesting the potential for activation-induced loss of NKT
cells populations (12, 18, 34); and (ii) the known dispropor-
tionate distribution of NKT cells to the liver, where activation
could have more dramatic local effects, such as inflammatory
histopathology (16). A role for NKT cells is further supported
by the demonstration that the NK1.1/TCR-expressing cells in
infected animals are 37 to 74% of the cells in mock-infected
mice and less than 23 to 46% of the cells observed in unin-
fected mice. Although there is debate about the precise nature
of the apparent early loss of NKT cells with some infections
(activation-induced cell death [15] versus down-regulation of
TCR expression [18]), the reduced detection of these cells is
correlated with IFN-� production and the induction of tissue
histopathology in models of salmonellosis and listeriosis (2, 5,
33). Moreover, these data are consistent with the concept of
cross talk between NKT and NK cells that are the active early
components that bridge innate immunity and adaptive immu-
nity (8).

Several recent observations need to be considered regarding
the immunopathogenesis of A. phagocytophilum infections.
First, we recently demonstrated that the highly variable Msp2s,
the dominant immunoreactive surface proteins of A. phago-
cytophilum, are poor stimuli for T-cell responses. Second, we
showed that induction of innate immunity by A. phagocytophi-
lum, while unable to restrict bacterial propagation in vivo,
contributes significantly to inflammatory histopathology (29).
The data here supplement these observations by reinforcing
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the role of innate immunity, chiefly focusing on NK and NKT
cells and to a lesser extent on CD8� lymphocytes of the adap-
tive immune response. Since Msp2 seems to be not involved
(10), the nature of the immunostimulatory ligands of A. phago-
cytophilum becomes an important question. We previously
demonstrated macrophage activation via Toll-like receptor 2
when animals were exposed to A. phagocytophilum (11), and
NK and NKT cells are well known to become activated via this
pathogen-associated molecular pattern receptor (9, 30). The
likely involvement of NKT cells as important sources of IFN-�
that drive the proinflammatory phenotype in both E. muris (25)
and A. phagocytophilum infections raises important questions.
Do these bacteria contain glycolipid ligands (20, 25) that could
be the stimulus for many of the inflammatory histopathology
and disease manifestations observed in animal models of HGA
and in human disease, and does their expression vary with in
vitro propagation or under natural circumstances? Further
analysis of the roles of cytotoxic cells such as NK, NKT, and
CD8� lymphocytes and the bacterial ligands that trigger their
effector responses may provide important new clues to the
immunopathogenesis of HGA.
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