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Infection of human monocyte-derived macrophages (HMDM) and J774 cells (murine macrophage cell line)
with several enteroaggregative and cytodetaching Escherichia coli (EAggEC and CDEC, respectively) strains
demonstrated that some strains could induce macrophage cell death accompanied by release of lactate
dehydrogenase activity and interleukin 1b (IL-1b) into culture supernatants. The mode of cell death differed
in the two types of macrophages. Damage to macrophage plasma membrane integrity without changes in
nuclear morphology resulted in cytolysis of HMDM. This mechanism of cell death has been previously
described for virulent Shigella infection of HMDM and is termed oncosis. In contrast, infection of J774 cells
by EAggEC and CDEC strains resulted in apoptosis. The presence of a-hemolysin (Hly) in EAggEC and CDEC
strains appears to be critical for both oncosis in HMDM and apoptosis in J774 cells. Bacteria lacking Hly,
including Hly2 EAggEC strains as well as enterotoxigenic, enteropathogenic, and enterohemorrhagic E. coli
strains, behaved like avirulent Shigella flexneri in that the macrophage monolayers were intact, with no release
of lactate dehydrogenase activity or IL-1b into the culture supernatants.

A wide range of pathogenic bacteria such as Shigella species,
Salmonella species, and Vibrio cholerae interact with the gas-
trointestinal mucosal surface through the follicle-associated
epithelium (FAE) that is unevenly distributed across the epi-
thelial cell layer. The FAE is composed of specialized endo-
cytic cells, M cells, whose basolateral surface is invaginated to
form a pocket containing T and B lymphocytes as well as
antigen-presenting cells such as dendritic cells and macro-
phages. The importance of M cells is becoming increasingly
recognized in mucosal immunity for the capacity of these cells
to ingest, sample, and transport macromolecules and for the
role they play in bacterial pathogenesis (26, 34, 35). Bacteria,
such as Shigella, that use M cells as an invasion route can infect
and destroy M cells and local macrophages, escaping into the
relatively less hostile environment of the epithelial mono-
layer at its basolateral surface (34, 35). Interaction of Shi-
gella with macrophages causes the release of proinflamma-
tory cytokines such as interleukin-1b (IL-1b [14, 45]). A
growing body of evidence indicates that processing and pre-
sentation of antigens occur during the interaction of patho-
gens with the M cells, leading to an immune response (26,
34, 35). Thus, the behavior of individual bacterial pathogens
with macrophages has become an important focus of study
in pathogenesis.

Previous reports have shown that human monocyte-derived
macrophages (HMDM) infected with virulent Shigella flexneri

in vitro die by a rapid cytolytic process which involves cell
swelling, plasma membrane disintegration, and karyolysis (14).
This mode of cell death has been termed oncosis (28). Mature
IL-1b is released into the culture supernatants during HMDM
infection (14). The Shigella IpaB protein plays a critical role in
macrophage cell death (14, 45). Cells of the mouse macro-
phage cell line J774 infected with virulent Shigella also re-
lease IL-1b when they die, but death occurs by apoptosis
(45). Thus, bacterial strains may activate two entirely dif-
ferent modes of cell death depending on the type of mac-
rophage infected.

Epidemiological studies have associated enteroaggregative
Escherichia coli (EAggEC) strains with diarrheal disease in
children, particularly among cases of persistent diarrhea ($14
days) (6, 10, 12, 17, 20, 27). Several factors normally associated
with virulence have been identified for some, but not all,
EAggEC strains (7). These factors include cytotoxin, entero-
toxin, fimbriae, and Hly (1, 12, 20, 24, 32, 33, 37, 40). Cytode-
taching E. coli (CDEC) strains have been associated with di-
arrhea in children less than 18 months old (12, 17). The
cytodetaching activity on epithelial cells is due to the presence
of an a-hemolysin which is homologous to a-hemolysin seen in
urinary tract isolates of E. coli (1, 2, 5). This report describes
the results of a comparative analysis of HMDM and J774
macrophage infection with strains of EAggEC and CDEC.
Here too, different modes of cell death occurred in each mac-
rophage cell type, and in each type of macrophage, the features
of cell death were similar to those previously described for
infection with virulent Shigella strains (14, 45). Like the Shi-
gella IpaB protein, the presence of an a-hemolysin in these
EAggEC and CDEC strains appears to be critical for both
types of macrophage cell death.

* Corresponding author. Mailing address: Department of Enteric
Infections, Bldg. 40, Room B020, Walter Reed Army Institute of
Research, Washington, D.C. 20307-5100. Phone: (202) 782-6236. Fax:
(202) 782-3299. E-mail: dr._malabi_venkatesan@wrsmtp-ccmail.army
.mil.

3918



MATERIALS AND METHODS

Bacterial strains. The EAggEC and CDEC bacterial strains used in this study
are listed in Table 1. Antibiotics were added at the following concentrations
when appropriate: ampicillin (Sigma, St. Louis, Mo.), 100 mg/ml; kanamycin
(Sigma), 50 mg/ml; and streptomycin (Sigma), 300 mg/ml.

Cell culture and macrophage infections. Monocytes were isolated by counter-
flow centrifugal elutriation of leukopacks obtained from healthy volunteers and
cultivated for macrophages (HMDM) as previously described (14). The murine
macrophage-like cell line J774 was cultured as described elsewhere (14). Twenty-
four hours prior to infection, the macrophages were resuspended in fresh me-
dium and added to 24-well culture plates or 100-mm-diameter tissue culture
plates at a concentration of 106 cells/ml. On the following day, the plates were
washed to remove nonadherent cells before infection, and fresh medium without
antibiotics was added. For all macrophage infections, overnight cultures of the
bacterial strains were diluted 1:50 in 10 ml of Luria-Bertani broth (Difco, De-
troit, Mich.) and were incubated at 37°C for 2 h. The bacteria were harvested and
resuspended in 1 ml of Hanks balanced salt solution (HBSS; Gibco BRL, Gaith-
ersburg, Md.).

The macrophages were infected as described elsewhere (14). Briefly, 5 to 20 ml
of the bacterial suspension (with a multiplicity of infection [MOI] of approxi-
mately 3 to 30) was added to each well in a 24-well plate, and the plate was
centrifuged at 500 rpm for 5 min in a Sorvall RT6000B instrument at room
temperature. The plates were incubated for different periods of time in a CO2
incubator at 37°C. The wells were then washed four to six times with HBSS and
incubated again with RPMI medium containing 50 mg of gentamicin per ml. To
determine bacterial survival at selected intervals after infection, the medium was
removed, and the macrophages were washed and lysed with 0.1% Triton X-100.
The number of viable bacteria was determined by plating serial dilutions of
macrophage lysates on tryptic soy agar (TSA) plates.

PCR amplification of hemolysin. Hemolysin primers hlyA-1 (59-GCACACT
GCAGTCTGCAAAG-39 [residues 1351 to 1370]) and hlyA-2 (59-TCACTGGC
ATTACCGGACA-39 [residues 4345 to 4327]) were obtained from the E. coli J96
chromosomal hemolysin sequence (accession no. M10133). PCR conditions were
5 min at 95°C, followed by 30 cycles of 1 min at 94°C, 1 min at 48°C, and 1 min
at 72°C, and an elongation of 7 min at 72°C.

Light microscopy and TEM analysis of infected macrophages. Human or
murine macrophages were seeded into tissue chamber slides (Lab-Tek Chamber
Slide; Nalge Nunc Int., Naperville, Ill.) and incubated at 37°C in a humidified 5%
CO2 atmosphere. At selected intervals after infection, the slides were washed
and stained as described elsewhere (14). Transmission electron microscopic
(TEM) analysis of macrophages infected with bacterial strains has been de-
scribed elsewhere (14).

LDH and cytokine assays. Macrophages were infected with different bacterial
strains, and lactate dehydrogenase (LDH) activity in the culture supernatants
was measured at timed intervals with the colorimetric CytoTox96 kit (Promega
Corp., Madison, Wis.) according to the manufacturer’s instructions, with modi-
fications as described elsewhere (14). Enzyme-linked immunosorbent assays for
human or mouse IL-1b were performed according to the instructions of the
manufacturer (Endogen, Woburn, Mass.).

Gel electrophoresis of DNA fragmentation. Internucleosomal DNA fragmen-
tation of infected macrophages was measured by a method described elsewhere
(14, 30). The samples were electrophoresed on 1.2% agarose gels and stained
with ethidium bromide.

Statistical analysis. Statistical analysis was done by Student’s t test with the
INSTAT statistical analysis package (Graph Pad Software, Inc., San Diego,
Calif.). Significance was defined as P , 0.05.

RESULTS

Survival of EaggEC and CDEC strains during in vitro in-
fection of HMDM and J774 cells. Several pathogenic E. coli
strains in both HMDM and J774 macrophages were tested to
determine their survival compared to that of Shigella. The
results of one representative experiment with HMDM are
shown in Fig. 1. Macrophages were infected for 30 min,
washed, and further incubated in gentamicin-containing me-
dium for 50 min as previously described (14). The number of
CFU was obtained by plating dilutions of the macrophage
lysates on tryptic soy agar plates. Invasive S. flexneri 5 strain
M9OT-W and the corresponding plasmidless noninvasive
strain M9OT-55 were included in each assay for comparative
purposes. The numbers of CFU recovered after infection with
normal E. coli NF705 or enterotoxigenic E. coli (ETEC) strains
were two- to threefold higher than the numbers of CFU re-
covered after infection with M9OT-55, enteropathogenic E.
coli (EPEC), enterohemorrhagic E. coli (EHEC), and nonin-
vasive enteroinvasive E. coli (EIEC) strains (Fig. 1A). In con-
trast, some EAggEC strains, such as 697 and 17-2 (Fig. 1A and
B), gave very few CFU, similarly to what was obtained with
M9OT-W infection (Fig. 1A and B), while other EAggEC
strains were recovered in numbers either comparable to or
higher than those for M9OT-55 (Fig. 1B). M9OT-W is recov-
ered poorly because this strain lyses macrophages, exposing
the bacteria to the gentamicin-containing medium (14, 45).
Several experiments described below demonstrate that a sim-
ilar event was also responsible for the lower recovery of 17-2,
697, and Hly1 55-3 strains.

Infection with isogenic Hly1 and Hly2 strains resulted in
poor recovery of Hly1 CDEC strain 55-3, while the corre-
sponding Hly2 55-3 was recovered at values that were 3 log

TABLE 1. Strains used in this study

EAggEC or CDEC
strain Serotype AA

probea
Hly presence or

absencec
PCR band

(hlyA)d
LDH

releasee
IL-1b

releasee

O42 O44:H18 1 2 2 2 2
17-2 O3:H2 1 1 1 1 1
JM221 O92:H33 1 2 2 2 2
69H77-1 2 2 2 2 2
52H72.2 2 NDb ND 2 ND
DS244R3 1 2 ND 2 ND
WC216-1-1 R:H27 1 2 ND 2 ND
WC201-1-4 O81:NM 2 1 2 2 ND
H32-1 2 2 ND 2 2
Thai501-1-1 Rough 2 1 2 2 ND
DS65-R3 2 2 ND 2 ND
81H194-2 1 2 ND 2 ND
54H-191-1 1 2 ND 2 ND
697 (WRAIR) ND 1 1 1 1
55-3 Hly1 (CDEC) O6:H2 ND 1 (two copies) 1 1 1
55-3 Hly2 (CDEC) ND 2 2 2 2

a AA probe refers to a specific DNA probe present in some but not all EAggEC strains (see references 3 and 7).
b ND, not determined.
c Hly determined on blood agar plates.
d hlyA determined by PCR amplification with hlyA primers.
e LDH activity and IL-1b release were determined with both HMDM and J774 cells.
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units greater, similarly to the rest of the EAggEC strains and
M9OT-55 (Fig. 1B). EAggEC 17-2 and 697 demonstrated he-
molytic activity on sheep blood agar plates; the rest of the
EAggEC strains were negative in this assay (Table 1). The
presence of an a-hemolysin gene in 17-2 and 697 was con-
firmed by PCR analysis with primers derived from the E. coli
hlyA gene (see Materials and Methods).

Macrophage cell death or cytotoxicity was measured by the
release of LDH activity in the culture supernatants, which is a
reflection of the loss of macrophage plasma membrane integ-
rity. The results of a representative experiment are shown in
Table 2. HMDM infected with 17-2, 697, and Hly1 55-3 re-
leased maximal levels of LDH activity within 2 h of infection,
comparable to levels reached upon infection with M9OT-W.
No LDH activity was detectable in the culture supernatants of
macrophages infected with Hly2 55-3, nonhemolytic EAggEC
strains, or M9OT-55 (Tables 1 and 2). Similar results were also
obtained with J774 macrophages; however, the time taken for

obtaining maximal release of LDH was longer (data not
shown).

Infection of HMDM and J774 cells with Hly1 55-3 resulted
in the secretion of mature IL-1b into the culture supernatant
(Tables 1 and 2), a feature shared with virulent Shigella infec-
tion (14, 45). However, significantly less IL-1b was released
from macrophages infected with Hly1 CDEC strains than
M9OT-W during the same time period (Table 2).

Light microscopic analysis of human and murine macro-
phages infected with EAggEC and CDEC strains. In order to
determine the mode of macrophage cell death, infected
HMDM and J774 macrophages were studied by light micros-
copy. HMDM infected with Hly1 55-3 (Fig. 2A) and EAggEC
strains 17-2 and 697 showed cytolysis which disrupted the cell
monolayers. The cells appeared swollen and vacuolated, with
morphological characteristics of oncosis similar to the changes
described for M9OT-W-infected HMDM (Fig. 2C) (14). In-
ternalized bacteria were observed in some cells. The nuclei
appeared morphologically similar to uninfected macrophages,
with no evidence of the compaction and condensation charac-
teristic of apoptosis. HMDM infected with the Hly2 55-3 strain
(Fig. 2B) or with any of the other EAggEC strains had larger
numbers of intracellular bacteria. The monolayers appeared
relatively intact, and none of the large vacuoles could be ob-
served in these cells (Fig. 2B). The nuclear morphology was
similar to that of uninfected or Hly1-infected macrophages. In
contrast, J774 cells infected with Hly1 E. coli (Fig. 2E) showed
compacted and condensed nuclei which were clearly different
from the nuclei of uninfected (Fig. 2D) or Hly2-infected mac-
rophages (Fig. 2F). Some cell shrinkage could be observed in
macrophages infected with Hly2 cells compared to uninfected
macrophages (compare Fig. 2D with F).

Analysis of nuclear DNA by fragmentation assays. Demon-
stration of internucleosomal DNA fragmentation is often used
to indicate cells undergoing apoptosis. In order to confirm the
occurrence of two different modes of cell death induced by the
same organism, DNA extracted from macrophages after infec-
tion was subjected to agarose gel electrophoresis. DNA ex-
tracted from HMDM after infection with Hly1 EAggEC and
CDEC strains showed no evidence of chromatin cleavage, con-
firming that these macrophages are killed by a mechanism
distinct from apoptosis (Fig. 3A). On the other hand, extrac-
tion of DNA from J774 macrophages infected with Hly1 E. coli
indicated a ladder pattern of low-molecular-weight DNA char-
acteristic of apoptosis (Fig. 3B). These results correlate well
with nuclear condensation observed with light microscopy (Fig.
2). These characteristic apoptotic responses were also seen in

FIG. 1. Survival of bacterial strains in HMDM; HMDM infected with various
E. coli and Shigella strains (A) and various EAggEC strains (B). CFU represents
the total number of bacteria in macrophage cell lysates. M9OT-W, virulent S.
flexneri 5; M9OT-55, isogeneic plasmid-cured strain; NF705, normal E. coli
strain. The rest of the strains are described in Table 1 and in the text.

TABLE 2. Determination of macrophage cytotoxicity

Strain Time
(h)

Amt of IL-1b
(pg/ml)

% of
Cytotoxicitya CFUb

M9OT-W 1 44 44 ND
2 375 90 15

M9OT-55 1 0 1.3 ND
2 0 1.5 6.4 3 103

Hly1 CDEC 1 11 52 ND
2 25.6 98 8

Hly2 CDEC 1 0 1.4 ND
2 0 2 10 3 104

a Percentage of cytotoxicity refers to LDH released from HMDM calculated as
a percentage of maximal release from uninfected cultures.

b CFU obtained after 30 min of infection followed by 50 min of incubation in
gentamicin-containing medium. ND, not determined.
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J774 cells infected with M9OT-W (45) but were much less
pronounced in cells not infected with Hly1 E. coli.

TEM analysis of HMDM infected with EAggEC and CDEC
strains. TEM analysis of infected macrophages confirmed ob-
servations made by both light microscopy and DNA analysis.
Prominent features of cell lysis, i.e., swollen mitochondria and
lysed and swollen nuclei, could be demonstrated in HMDM
infected with Hly1 55-3, even at an MOI of 3 bacteria per

macrophage (Fig. 4A and B). Similar cell destruction was also
observed when HMDM were infected with 17-2, 697, and
M9OT-W (data not shown [14]). There was no evidence of
apoptosis in HMDM infected with these hemolytic strains.
HMDM infected with Hly2 55-3 looked like uninfected mac-
rophages with internalized bacteria within vacuoles (Fig. 4C).
In contrast, J774 cells infected with Hly1 55-3 showed striking
condensation and marginalization of chromatin material char-

FIG. 2. Light microscopic analysis of HMDM and J774 murine macrophages infected with EAggEC and CDEC strains. Bacteria were left in contact with HMDM
(A, B, and C) and J774 macrophages (D, E, and F) for 1 h. Macrophages were stained with a modified Wright’s stain after infection with Hly1 CDEC 55-3 (A and
E), Hly2 CDEC 55-3 (B and F), S. flexneri 5 M9OT-W (C), and uninfected J774 (D). Magnification, 3910.
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acteristic of apoptosis (Fig. 4D and E). Nuclei of J774 cells
infected with Hly2 55-3 strains looked like uninfected macro-
phages, with several bacteria seen within enclosed vacuoles
(Fig. 4F). The nuclei of Hly1 and Hly2 EAggEC strains
showed characteristics similar to those of Hly1 and Hly2

CDEC strains as described above (data not shown).

DISCUSSION

Hemolysin-positive EAggEC and CDEC strains caused on-
cosis in HMDM and apoptosis in J774 cells. These two forms
of cell death can be distinguished morphologically and bio-
chemically (39, 43, 44). Apoptotic cells are characterized by
rapid, irreversible condensation of the cytoplasm and compac-
tion and marginalization of chromatin in the nucleus. Eventu-
ally, the cells split into a cluster of membrane-bound bodies
(43). In vivo, apoptotic cells are phagocytosed and disappear
rapidly from the tissue without generating an inflammatory
response. This is a hallmark of programmed cell death in many
developmental systems (43, 44). In vitro demonstrations of
apoptosis rely on microscopy as well as internucleosomal cleav-
age of DNA as shown in this study with J774 cells. In contrast
to J774 macrophages, HMDM infected with Hly1 E. coli
showed oncosis, i.e., cell swelling, alteration of cytoplasmic
organelles, normal chromatin disposition, rupture of the
plasma membrane, and cytolysis. Recently, several reports of
apoptosis with no evidence of DNA laddering and DNA lad-
ders in cells without apoptotic morphology have also been
described (8, 9, 11, 16, 38). For example, MDCK cells under-
going necrosis showed DNA fragmentation which was abol-
ished by serine protease inhibitors but not by inhibitors of ICE
protease (11). Apoptosis in these cells was excluded by phase-
contrast and electron microscopy and by Hoechst staining.
These and other studies emphasize that techniques based
solely on demonstration of DNA fragmentation may not reli-
ably distinguish between apoptosis and necrosis (8, 9, 11, 16,
38) and must be accompanied by evidence of morphological
changes in the nuclei.

It is unclear what molecular events determine which path-
way of cell death will occur. Whether a toxin induces necrosis
or apoptosis appears to be related to the rapidity of cell mem-
brane damage and to the extent of such damage (22, 29). For

example, low concentrations of S. aureus alpha toxin and Ac-
tinobacillus leukotoxin bind with high affinity to plasma mem-
brane receptors, form small pores in the host cell membrane
which allow influx of Na1 but not Ca1 ions, and induce apo-
ptosis (22, 29). At higher concentrations, larger pores are
formed, resulting in influx of Ca1, depletion of ATP, and
necrosis. It can be speculated that HMDM are more sensitive
to membrane damage during bacterial infection and, there-
fore, more susceptible to oncosis than J774 cells. While this
hypothesis cannot be ruled out, a 10-fold greater or lesser MOI
did not alter the outcome in either type of macrophage (un-
published observations). Furthermore, similar differences in
endpoint outcome between the two types of macrophages was
also observed after infection with virulent Shigella (14), indi-
cating that perhaps the differences in response between HMDM
and J774 cells may be related, in each macrophage type, to the
accessibility of one pathway over another. This, in turn, could
be a reflection of the unique surface and microenvironmental
properties of these two types of macrophages.

That heterogeneity of response exists between different mac-
rophage types is evidenced in the killing of intracellular patho-
gens. Murine peritoneal macrophages activated with gamma
interferon and tumor necrosis factor alpha can kill several
pathogens by a mechanism involving reactive N2 intermediates,
whereas similar mechanisms of intracellular killing have not
been demonstrated in HMDM (4, 15). Heterogeneity of cel-
lular responses may also be reflective of species specificity,
state of maturity, and differentiation. While the majority of
human T cells treated with Actinobacillus leukotoxin undergo
necrosis, approximately 30% of the cells appear unaffected,
and 10% show signs of apoptosis (29). Heterogeneity of re-
sponse to the same pathogen is seen with listeriolysin O-con-
taining Listeria monocytogenes, which grows within mouse peri-
toneal macrophages and J774 cells but induces apoptosis in
hepatocytes, lymphocytes, and dendritic cells (15, 18, 25, 31,
36). Furthermore, some macrophages are able to kill L. mono-
cytogenes, whereas other macrophages in the same host are
unable to do so (15). Intracellular levels of iron and recruit-
ment of receptors that internalize the bacteria, as well as the
effect of cytokines, have all been shown to influence listericidal
activity. Thus, the induction of a cellular response to infection
will be determined by the type of cell infected, its trophic
environment, its ability to modulate the expression of cell sur-
vival genes, and perhaps other factors related to the restora-
tion of homeostasis (43, 44).

The widespread occurrence of Hly in many enteric and non-
enteric strains is attributed to transposition events and may
account for its distribution in some EAggEC strains. While a
clear role for Hly in E. coli strains that cause urinary tract
infections has been established, the role of the Hly gene in
enteric infections is less clear. In the rabbit RITARD model,
Hly1 CDEC was associated with twice as much inflammation
in the small intestine compared to nonhemolytic bacteria and
with four times as much inflammation in the large intestine
(13). Hly was also associated with greater frequency and se-
verity of diarrhea as well as greater histopathological changes,
including edema, necrosis, inflammation, and infiltration
of polymorphonuclear leukocytes (13). The ability of Hly1

CDEC and EAggEC strains to kill macrophages and release
proinflammatory cytokines may contribute to the manifesta-
tion of disease. Although hemolysin-positive EAggEC and
CDEC strains were observed within the phagocytic vacuoles of
the macrophages, it is likely, based on observations with puri-
fied E. coli HlyA and other bacterial toxins, that bacterial
uptake by macrophages is not necessary for cell death (21–23,
41–43).

FIG. 3. DNA fragmentation assays on agarose gels. DNA was isolated from
macrophages infected with different EAggEC and CDEC strains. M9OT-W and
M9OT-55 were included for comparative purposes. The DNA was electropho-
resed on 1.2% agarose gels for 3 h at 100 V. DNA was isolated from HMDM (A)
or J774 (B) murine macrophages infected with M9OT-55 (lanes 3), EAggEC 697
(Hly1) (lanes 4), CDEC 55-3 (Hly1) (lanes 5), CDEC 55-3 (Hly2) (lanes 6), and
M9OT-W (lanes 7). Lanes 1, 123-bp DNA ladder molecular-weight-marker
(BRL); lanes 2, DNA isolated from noninfected macrophages.
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E. coli HlyA is a prototype Ca21-dependent, pore-forming
cytolysin found in gram-negative bacteria (2). HlyA is highly
toxic to different types of cells, and cell death occurs primarily
due to necrosis accompanied by rapid membrane permeabili-
zation, ionic fluxes, and ATP depletion (5).

Intracellular increases of calcium are responsible for the
secondary processes accompanying cell death, which may in-
clude DNA fragmentation (5, 21). Yet in J774 macrophages,
Hly1 E. coli strains can also cause apoptosis. The physiological
relevance of these different endpoint outcomes and mecha-

FIG. 4. TEM of HMDM and J774 cells infected with hemolysin-positive and -negative EAggEC and CDEC strains. (A and B) HMDM infected with Hly1 EAggEC
shown in a state of necrosis; (C) HMDM infected with Hly2 EAggEC or CDEC strains; (D and E) J774 cells infected with Hly1 CDEC strain 55-3; (F) J774 cells
infected with Hly2 CDEC strain 55-3. Bar markers: 2 mm (A and C) and 1 mm (B, D, E, and F). b, bacteria; n, nucleus; and sn, swollen nucleus; an, apoptotic nucleus.
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nisms that select one over the other can only be approximated
from in vitro studies, since infection of monocytes and macro-
phages with these microbes in vivo occurs in substantially dif-
ferent microenvironment.
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