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A synergistic effect on mortality was demonstrated in a combined infection of
mice with murine cytomegalovirus (MCMV) and Pseudomonas aeruginosa,
Staphylococcus aureus, or Candida albicans. Mice infected intraperitoneally
with a 0 to 20% lethal dose inoculum of MCMV 3 days prior to the intravenous
injection of a 0 to 20% lethal dose inoculum of either the bacteria or fungus
demonstrated a striking enhancement of mortality. MCMV-infected mice given
Pseudomonas or Staphylococcus exhibited a 90 to 100% mortality within 24 to 48
h, whereas 80% of viral-infected animals injected with Candida died in 5 days.
Injection of the bacteria or fungus at various times during the MCMV infection
resulted in enhanced mortality on days 0, 1, 2, and 3 of the viral infection.
Greatest synergism was observed on day 3, with a progressive decline in death
rates thereafter. Immunization with MCMV abrogated the synergistic effect on
mortality in all three combined infections. Immunization with Pseudomonas
reduced mortality in the combined MCMV-Pseudomonas infection. These results
indicate that mice exhibit a markedly enhanced susceptibility to bacterial and
fungal infections during the course of the MCMV infection and suggest that the
enhancement may be related to viral-induced alterations in host resistance.

Cytomegalovirus (CMV) is a common cause
of infection in humans, with over 50% of the
population demonstrating complement-fixing
antibodies by age 35 (33, 37, 38). Although
CMV infections are usually asymptomatic,
clinical manifestations may include microceph-
aly and mental retardation in the congenital
infections (32), a mononucleosis-like syndrome
in normal adults (15, 19-21), and pneumonia
and hepatitis in immunosuppressed patients (1,
6, 8, 10, 15, 20, 23, 24, 26). CMV infection oc-
curs in renal transplant patients at a higher
frequency than any other viral infection (2).
In only a minority of the cases, however, is
the infection felt to be of clinical significance
(8). The most common cause of death in renal
transplant patients is infection due to bacteria
and/or fungi, presumably because of depressed
host defenses secondary to the immunosup-
pressive therapy. Since several investigators
have demonstrated that immunosuppression
or alteration of host defenses may occur dur-
ing the course of a viral infection (16, 18; S.
Lauteria, G. B. Kantzler, R. Ganguly, C. L.
Cusumano, and R. H. Waldman, Clin. Res.
22:29A, 1974), we postulated that the CMV in-
fection might also contribute to the enhanced

susceptibility to bacterial and fungal infections
in renal transplant patients.
To test this hypothesis, we utilized an experi-

mental model infection of mice with murine
CMV (MCMV), which is characterized by a
disseminated infection involving many organs
and an associated depression of both the hu-
moral and cellular immune response (11, 12, 28,
29). More specifically, the model was used to
determine the susceptibility of mice, during the
course of an acute MCMV infection, to a sec-
ondary infection with Pseudomonas aerugi-
nosa, Staphylococcus aureus, or Candida albi-
cans.

(This work was part of a dissertation submit-
ted by John R. Hamilton in partial fulfillment
of the requirements for the Ph.D. degree in
Microbiology from the University of Utah,
1976.)

MATERIALS AND METHODS
Animals. Six-week-old female Swiss Webster

mice were obtained from Simonsen Breeding Labo-
ratories (Gilroy, Calif.) and maintained in a con-
trolled environment for 1 week before use.

Virus. The Smith strain of MCMV originally ob-
tained from June Osborn was used to prepare a
salivary gland virus pool in 3- to 4-week-old Swiss

982



CMV SYNERGISM WITH BACTERIA AND FUNGI 983

Webster mice. After an intraperitoneal (i.p.) inoc-
ulation of MCMV, which resulted in a 40 to 60%
mortality, the salivary glands were aseptically re-
moved from the surviving animals on day 12 to 15 of
the infection. A 10% (wt/vol) homogenate of the
tissue was prepared in minimal essential medium
containing glutamine (300 ,Lg/ml) and amino acids,
10% fetal calf serum, streptomycin (50 ,g/ml), and
penicillin (100 U/ml). After centrifugation at 2,000
x g for 10 min at room temperature, the superna-
tant was dispensed in samples and stored at -70'C.
A normal salivary gland pool was prepared in the
same manner using uninfected 6- to 7-week-old
mice. The MCMV pool regularly titered 2 x 108
plaque-forming units (PFU)/ml when assayed on
mouse embryo fibroblasts cells using procedures de-
scribed previously (17). Tests of the normal salivary
gland pool revealed no evidence of infectious virus.
The mouse is the natural host for lactic dehydro-

genase virus, which has been shown to persist in the
serum and tissues of infected mice and to alter host
immune function (27). Lactic dehydrogenase virus is
detected by inoculating normal mice with infected
serum or tissues and then assaying plasma obtained
96 h after inoculation for the presence of elevated
levels of lactic dehydrogenase enzyme (27, 39). To
determine whether our MCMV pools were contami-
nated with lactic dehydrogenase virus, samples of
the MCMV salivary gland pool, the normal salivary
gland pool, and serum obtained from normal mice
used in our experiments were injected into mice
known to be free of lactic dehydrogenase virus. Hep-
arinized blood was obtained 96 h later, and the
plasma was analyzed for the presence of lactic dehy-
drogenase activity. The absence of any rise in lactic
dehydrogenase activity indicates that neither the
salivary gland homogenates nor the animals uti-
lized in our experiments were infected with lactic
dehydrogenase virus.

Bacteria and fungus. The isolates of P. aerugi-
nosa, S. aureus (coagulase positive), and C. albicans
were obtained from clinical specimens submitted to
the University of Utah Medical Center Diagnostic
Bacteriology Laboratory. All organisms were identi-
fied by appropriate criteria for genus and species
determination. The bacteria were maintained on
stock agar slants, and the yeast was maintained on
Sabouraud dextrose (BBL, Cockeysville, Md.) slants
at room temperature and subcultured frequently to
preserve viability.

Before animal inoculation, each organism was
subcultured from the agar slants to 5% sheep blood
agar plates (BBL blood agar base plus whole' blood),
incubated for 18 to 22 h at 37°C, and harvested by
repeated washings with phosphate-buffered saline,
pH 7.2. The turbid suspensions were washed twice
by centrifugation at 2,000 x g and then diluted in
phosphate-buffered saline to appropriate concentra-
tions, using optical density readings in a Klett-Sum-
merson photoelectric colorimeter with a blue filter
(400- to 465-nm wavelength) (Klett Manufacturing
Co., Inc., New York). The Klett readings were
shown to correlate directly and reproducibly with
the number of colony-forming units (CFU) of orga-
nisms per milliliter using standard melted agar pour

plate assay methods and specific plating media. S.
aureus was plated on mannitol salt agar (BBL) and
P. aeruginosa was plated on MacConkey agar
(BBL). C. albicans was plated on Sabrouraud dex-
trose agar (BBL) supplemented with 100 ug of re-
agent-grade gentamicin per ml (Roche Laborato-
ries).

Animal inoculation. The virus was administered
by the i.p. route in a standard volume of 0.1 ml ofan
appropriate dilution of the virus to produce the de-
sired mortality. In the combined infection, inocula-
tion of MCMV was followed by injection of either
Pseudomonas, Staphylococcus, or Candida on day 3
of the virus infection, except where indicated other-
wise. The bacterial and fungal suspensions were
injected in a volume of 0.1 ml through a 25-gauge
needle into the tail vein of unanesthetized mice.
Animals receiving only partial intravenous (i.v.)
injections due to technical problems were discarded
from all studies. Controls for the combined infection
included inoculation of animals with: (i) each infec-
tious agent alone (MCMV, Pseudomonas, Staphylo-
coccus, Candida); (ii) normal salivary gland fol-
lowed by the injection of bacteria or fungus; and (iii)
MCMV followed by i.v. phosphate-buffered saline.

RESULTS
Establishment of the synergistic infection.

By inoculation of mice i.p. with serial dilutions
of the MCMV pool, the 0 to 20% lethal dose
(LD,(2) inoculum was established as 2 x 106
PFU/mouse. After challenge with this dose of
virus, mice developed hunching, ruffled fur,
and diminished activity from day 3 to day 5 or
6. By day 7 to 8 surviving animals appeared
normal. Deaths, when they occurred, were on
days 5 to 8. Day 3 of the MCMV infection, the
first day of observable clinical illness, was cho-
sen as the time for injection of the bacteria or
the fungus in the first set of experiments.

Representative results obtained from several
independent experiments in which groups of 10
animals were infected with MCMV, Pseudomo-
nas, or the combination of the two organisms
are illustrated in Fig. 1. Mice inoculated i.p.
with 2 x 106 PFU of MCMV alone exhibited
moderate signs of illness, with a 20% mortality
in 7 days, whereas mice injected i.v. with 1.8 x
106 CFU of Pseudomonas demonstrated mini-
mal signs of illness, with a 20% mortality by 12
days. In contrast, the combined infection with
these two agents (Pseudomonas injected 3 days
after MCMV inoculation) produced a rapidly
lethal infection. Within 48 h after the injection
of Pseudomonas, 90% of the animals died, a
marked increase when compared with either of
the individual infections.
Almost identical results were obtained with

the individual and combined infections with
MCMV and Staphylococcus. Animals inocu-
lated with either MCMV or 8 x 106 CFU of
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FIG. 1. Cumulative mortality rates in groups of10
mice infected with 2 x 106 PFU ofMCMV or 1.8 x

106 CFU of Pseudomonas, or both. Mortality in the
combined infection is shown as days after the injec-
tion ofPseudomonas on day 3 ofMCMV infection.

DAYS

FIG. 2. Cumulative mortality rates i? groups of10
mice infected with 2 x 106 PFU of MCMV or 7.6 x
103 CFU of Candida, or both. Mortality in the com-

bined infection is shown as days after injection of
Candida on day 3 ofMCMV infection.

staphylococci had a mortality of 20 or 10%,
respectively, within 6 days. In the combined
infection (staphylococci injected 3 days after
MCMV challenge), 90% of the mice died within
24 h.

Results from the combined infection of mice
with MCMV and Candida are presented in Fig.
2. The individual MCMV infection resulted in a
20% mortality, whereas the individual Can-
dida infection produced no signs of illness or

mortality. In the combined infection, 100% of
the mice died by 12 days, with the majority of
deaths occurring 5 days after the Candida in-
jection. It is apparent from these results that
MCMV infection strikingly enhanced the mor-

tality from an injection of Pseudomonas,
Staphylococcus, or Candida.

Effect of the inoculum size of the infectious
agents on mortality in the combined infec-
tion. In the previous experiments the synergis-
tic effect on mortality was demonstrated with a
single concentration of either the virus or the
bacteria or fungus. To determine the optimum
inoculum of organisms required for enhanced
mortality in the combined infection, groups of
mice were given serial dilutions of MCMV fol-
lowed 3 days later by decreasing concentrations
of Pseudomonas, Staphylococcus, or Candida.
The data from one representative experiment
are presented in Table 1. The inoculation of 2 x
106 PFU of MCMV alone produced signs of se-
vere illness, with a 20% mortality and a mean
day of death (MDD) of 6 days. Although lower
concentrations of MCMV produced no mortal-
ity, mice showed signs of severe illness after the
inoculation of 4 x 105 PFU. No alteration of
mortality resulted when phosphate-buffered sa-
line was injected into MCMV-infected mice. In-
jection of the largest inoculum ofPseudomonas
or Staphylococcus alone resulted in only 20 and
10% mortality, respectively. Animals showed
little signs of illness with either of these two
organisms. In contrast, the larger inocula of
Candida, 6.2 x 105 and 7.1 x 104 CFU, pro-
duced a mortality of 70 and 20%, respectively.
The lowest inoculum, 7.6 x 103 CFU, resulted
in no mortality. No enhancement in mortality
was observed in mice inoculated with a normal
salivary gland dilution followed by injection of
either the bacteria or fungus. The greatest syn-
ergism (highest final mortality, shortest MDD)
occurred when the largest inoculum of virus
was administered with the largest inoculum of
Pseudomonas, Staphylococcus, or Candida.
With decreasing concentrations of virus, as
well as with decreasing concentrations ofbacte-
ria, the mortality rate decreased and/or the
MDD was prolonged. From these data it can be
concluded that an inoculum of 2 x 106 PFU of
MCMV resulted in the greatest synergistic ef-
fect on final mortality and MDD over the wid-
est range of concentrations of bacteria and
fungi.
Period during MCMV infection that syner-

gism was observed. The previous experiments
were performed by inoculating the bacteria or
the fungus on day 3 of the MCMV infection. To
determine the time during the MCMV infection
when synergism was maximal, the following
experiments were performed. Groups of 10 mice
each were inoculated with 2 x 106 PFU of
MCMV i.p. followed by 1.6 x 106 CFU ofPseu-
domonas, 3.0 x 106 CFU of Staphylococcus, or
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TABLE 1. Effect of decreasing concentration of the infectious agents on the synergistic effect on mortality

MCMV inoculum (i.p.)
(PFU)

Bacterial or fungal
inoculum (i.v.) No virus' 2 x 106 4 x 105 2 x 104

(CFU)
Mortal- MDDI Mortality MDD Mortality MDD Mortality MDDity _b (%) (%) (%)

None" 0 20 6.0 0 0

Pseudomonas
1.6 x 10" 20 10.0 90 1.1 80 1.6 90 3.4
2.3 x 10; 0 90 1.5 40 2.3 0
2.4 x 104 0 80 2.3 20 3.0 10 12

Staphylococcus
1.6 x 107 10 5.0 90 1.0 60 5.3 60 4.8
2.0 x 1OO 0 90 1.8 50 5.8 40 5.8
2.6 x 10; 0 0 0 0

Candida
6.2 x 10; 70 6.0 100 2.3 100 2.7 100 3.5
7.1 x 104 20 1.0 90 3.8 90 7.2 50 11.4
7.6 x 103 0 100 4.6 80 8.7 10 12.0
" Salivary gland homogenate.
b Each group contained 10 animals.
MDD of the animals that died over a 20-day period.

dPhosphate-buffered saline.
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FIG. 3. Cumuklative mortality rates in mice injected i.v. with 1.8 x 10" CFU ofPseudomonas on various
days after i.p. inoculation of2 X 106 CFU ofMCMV.

7.6 x 103 CFU ofCandida i.v. on days 0 (imme-
diately after), 1, 2, 3, 4, 5, 7, 9, 15, and 20 of the
viral infection and observed for mortality dur-
ing the 20 days after the inoculation of the
bacteria or the fungus. The results with Pseu-
domonas and Candida are shown in Fig. 3 and
4. Results with Staphylococcus were almost
identical to those illustrated for Pseudomonas.

The striking enhancement in mortality was ob-
served only after injection of either the bac-
teria or fungus on days 0, 1, 2, and 3. A pro-
gressive decline in mortality to control levels
was observed after injection on days 4 and 5
and thereafter. Maximal synergism (highest
final mortality with the shortest MDD) oc-
curred after injection of either bacteria or fun-
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FIG. 4. Cumulative mortality rates in mice injected i.v. with 7.6 X 103 CFU of Candida on various days
after i.p. inoculation of2 x 106 PFU of MCMV.

gus on day 3 of the MCMV infection. Mice
inoculated with Pseudomonas or Staphylococ-
cus on day 3 began to die within 1 day (day 4 of
the viral infection), whereas animals inocu-
lated with either of the bacteria on days 0, 1, or
2 did not begin to die for 2 to 5 days (day 3 to 6 of
the viral infection). Mice inoculated with Can-
dida on day 3 of the MCMV infection began to
die within 2 to 5 days (day 5 to 8 of the viral
infection), whereas animals inoculated with the
fungus on days 0, 1, or 2 did not begin to die for
3 to 11 days (day 6 to 11 of the viral infection).
Since maximal synergism occurred on day 3,
this day was chosen for the i.v. injection of the
bacteria or the fungus in all subsequent experi-
ments.

Effect of immunization on mortality in the
combined infection. Degre and Glasgow (5)
demonstrated that, in a synergistic infection of
mice with Sendai virus and Haemophilus influ-
enzae, prior immunization with either agent
eliminated the synergistic effect. Osborn and
Walker (31) showed that mice that had pre-
viously received an inoculum of attenuated
MCMV were resistant to challenge with a
lethal inoculum of the wild-type virus. We ini-
tially determined the effect of prior immuniza-
tion with MCMV on the synergistic activity
in the combined infection. Groups of mice were
injected i.p. with 2 x 106 PFU of MCMV (im-
munizing dose), and 28 days later the survivors
were challenged i.p. with 107 PFU of MCMV
alone (lethal dose) or with 2 x 106 PFU of

virus followed by the bacteria or the fungus
as above. Normal mice were used as nonim-
mune controls and were given the individual
or the combined infection according to the
same protocol as above. The results of this
experiment are shown in Table 2. No mortality
was observed with the lethal viral inoculum
(107 PFU) in the MCMV-immune mice,
whereas 80% of the nonimmune mice died. In
nonimmune control mice, injection ofPseudom-
onas, Staphylococcus, or Candida on day 3 of
the virus infection produced a mortality rate of
80% or greater. In contrast, MCMV-immune
mice exhibited no mortality when challenged
with the bacteria or fungus. These data indi-
cate that prior immunization with MCMV
eliminated the enhanced susceptibility to the
bacteria or the fungus observed during the
MCMV infection and suggest that an acute pri-
mary infection with MCMV is necessary for the
synergistic effect.

Since Jones and Dyster reported that mice
immunized with Pseudomonas were protected
against a lethal infection (14), and since there
is conflicting data on the capacity of mice to be
immunized against Staphylococcus or Candida
infection, we then determined whether mice
immune to Pseudomonas might be protected
against the combined MCMV-Pseudomonas in-
fection. Groups of mice were immunized with
an i.p. injection of a formalin-killed vaccine
containing 5 x 108 CFU of Pseudomonas. A
nonimmune control group of mice was given an
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injection of phosphate-buffered saline alone.
Four days after immunization, both groups of
mice were inoculated i.p. with an LD20 dose of
MCMV, followed 3 days later by an i.v. injec-
tion with 1.6 x 106 CFU of Pseudomonas. No
mortality was observed in the Pseudomonas-
immune mice, whereas in the nonimmune mice
60% of the animals died. The results show that
immunization with Pseudomonas was able to
protect the mice against the lethal effect of the
secondary bacterial infection.

DISCUSSION
Mice infected i.p. with an LD>20 inoculum of

MCMV exhibited a markedly enhanced suscep-

tibility to a subsequent i.v. injection with an

LDo.20 inoculum ofPseudomonas, Staphylococ-
cus, or Candida, as evidenced by an increase in
final mortality (90 to 100%) and a decrease in
the MDD. The synergistic effect was observed
only when the bacteria or the fungus was in-
jected during the early phases ofthe viral infec-
tion on days 0, 1, 2, and 3, with maximal syner-
gism occurring on day 3. The synergistic activ-
ity was observed over a wide range of bacterial
and fungal, as well as viral, concentrations
when animals were challenged on day 3 of the
MCMV infection.
Most of the previously described animal

models of viral-bacterial synergism have inves-

tigated the effect ofa respiratory virus infection
on local defenses against bacterial pneumonias
(22). Synergism was usually demonstrated by
decreased clearance ofbacteria from pulmonary
tissue and was not always associated with en-

hanced mortality. The enhancement of suscep-

tibility paralleled the appearance of viral-in-
duced pulmonary pathology. In the few animal
models used to examine synergism associated
with systemic infections with viruses and bac-
teria (7, 9, 13), authors have usually found
enhanced susceptibility to the bacterial, but not
the viral, infection. Although an enhancement
in the time of death was observed in mice in-
jected i.p. with Streptococcus pneumoniae, P.
aeruginosa, or Salmonella enteritidis ser. typhi-
murium at various times before or after i.v. in-
jection of Newcastle disease virus, final mortal-
ity was not always appreciably different (7).
Mice injected i.v. with Newcastle disease virus
8 h before an i.v. injection of S. typhimurium
demonstrated decreased clearance of the bacte-
ria from spleens in the ensuing 3 days (13). In
these latter experiments, no data concerning the
effect of the viral infection on mortality are re-

ported. Mice infected with adenovirus, herpes
simplex virus, or vaccinia virus demonstrated
an enhanced susceptibility to Escherichia coli
pyelonephritis, as evidenced by histological
changes (9). Injection of the bacteria i.v. 6 days

TABLE 2. Effect of immunization with MCMV on mortality in the combined infection

Agent inoculated Mortality
Immune status Type of infection

Agent Dose No. 9

Nonimmune Individual MCMV 2 x 106 PFUa 2/20 20
MCMV 1 x 107 PFUb 8/10 80
P. aeruginosa 1.6 x 106 CFU 0/10 0
S. aureus 3.0 x 106 CFU 0/10 0
C. albicans 7.6 x 103 CFU 0/10 0

Combinedc MCMV 2 x 106 PFU 9/10 90
P. aeruginosa 1.6 x 10' CFUI
MCMV 2 x 106f PFU 9/10 90
S. aureus 3.0 x 106 CFU)
MCMV 2 x 106 PFU 8/10 80
C. albicans 7.6 x 103 CFUI

MCMV im- Individual MCMV 1 x 107 PFU 0/10 0
muned

Combinedc MCMV 2 x 106 PFU 0/10 0
P. aeruginosa 1.6 x 106f CFUI
MCMV 2 x 106 PFU 0/10 0
S. aureus 3.0 x 106 CFUI
MCMV 2 x 106 PFU 01
C. albicans 7.6 x 103 CFU 0/10 0

a Immunizing dose of MCMV.
b Challenge dose of MCMV.
c Bacteria or fungus injected i.v. on day 3 of the MCMV infection.
d Animals challenged 28 days after an immunizing dose of MCMV.
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after the i.p. viral inoculation resulted in the
most significant enhancement of the nonlethal
pyelonephritis. In contrast to these models of a
systemic synergistic infection, the model sys-
tem presented in this study was characterized
by: (i) a dramatic enhancement of final mortal-
ity in the combined infection, which was paral-
leled by a decreased MDD; (ii) synergism be-
tween a herpesvirus and two different bacteria;
(iii) enhanced susceptibility to a fungus during
the course of a viral infection, an observation
which, to our knowledge, has not been reported
previously; (iv) a synergistic effect on mortality
which was markedly influenced by the time
during the viral infection when the bacteria or
the fungus was inoculated; and (v) an enhanced
susceptibility associated with a broad range of
viral and bacterial or fungal concentrations.
There are several possible explanations for

the markedly enhanced mortality observed in
the combined infection. First, foci of viral-in-
duced tissue destruction could serve as a nidus
of localization and subsequent growth of the
bacteria or the fungus. Viral-induced tissue
pathology has been thought to play a major role
in bacterial growth in renal tissue (9) and in
pulmonary tissues (23), since the degree of tis-
sue destruction appeared to parallel enhanced
susceptibility to the bacteria. In CMV infection
of mice, extensive foci of inclusion-bearing cells
have been described in the liver, spleen, lung,
and kidney (25, 30, 34, 35). The fact that mice
exhibited progressively diminishing suscepti-
bility to the bacteria or the fungus after day 3 of
the MCMV infection, a time when the mice
were still showing clinical evidence of illness
and when significant tissue pathology was still
present, would tend to suggest that viral-in-
duced tissue damage is not the primary mecha-
nism. Second, the MCMV infection could alter
host defenses known to be important in the
recovery from bacterial and fungal infections.
MCMV infection has been shown to result in a
leukopenia (30) and to cause suppression of
both humoral (12, 28,' 29) and cellular (11) im-
mune response.
Immunization with MCMV eliminated the

synergistic effect on mortality in the combined
infection with both the bacteria and the fungus.
In previous studies of the effect of immuniza-
tion on MCMV infection in mice, decreased
titers of virus were noted in all organs except
salivary glands (31, 36). Similar alterations in
the pathogenesis of the MCMV infection proba-
bly occurred in our model system, since no im-
mune animals died after an LD8o MCMV inocu-
lum. This would suggest that replication of
MCMV to appreciable titers in critical organs is
necessary for synergistic activity to occur.

Immunization with Pseudomonas 4 days be-
fore MCMV inoculation also prevented mortal-
ity upon rechallenge with the bacteria. Jones
and Dyster (14) postulated that mice immu-
nized with P. aeruginosa 3 to 7 days before
challenge with a lethal inoculum of bacteria
were protected by the presence of specific anti-
body. Antibody, in conjunction with the com-
plement system, enhanced phagocytosis and in-
tracellular killing of the bacteria by granulo-
cytes and macrophages (3, 4). Sufficient
amounts of circulating opsonizing antibody
could have been induced by the Pseudomonas
immunization in the MCMV-infected animals
to augment the host defenses suppressed by the
virus infection, and thereby confer protection
on the animals.
These studies provide evidence that MCMV

infection plays an important role in enhancing
the susceptibility of mice to infection with
Pseudomonas, Staphylococcus, and Candida.
This experimental infection offers a model to
further elucidate the major determinants of
host defense, which are important in resistance
to primary bacterial and fungal infections. In
addition, these studies may have clinical impli-
cations for the possible role of CMV infections
in predisposing to bacterial and fumgal infec-
tions in renal transplant patients.
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