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We have previously demonstrated that a high proportion of RAG-2 SCID knockout mice, which lack T and
B cells, develop orofacial abscesses and disseminated infections following pulpal infection, whereas immuno-
competent control mice do not. In the present study, we sought to identify the components of the adaptive
immune response which contribute to protection against disseminating anaerobic infections and sepsis. For
this purpose, various genetically engineered immunodeficient mice were employed, including RAG-2 SCID,
Igh-6 (B-cell deficient), Tcrb Tcrd (T-cell deficient) and Hc0 (C5 deficient). For abscess induction, the
mandibular first molars were subjected to pulp exposure on day 0. Teeth were infected with a mixture of four
anaerobic pathogens, including Prevotella intermedia, Streptococcus intermedius, Fusobacterium nucleatum, and
Peptostreptococcus micros, and teeth were sealed to prevent communication with the oral cavity. The findings
demonstrate that both RAG-2 SCID and B-cell-deficient mice, but not T-cell- or C5-deficient mice, have
increased susceptibility to the development of disseminating anaerobic infections. Abscess-susceptible RAG-2
SCID and B-cell-deficient mice also showed a significant loss of body weight, splenomegaly, and absent
antibacterial antibody production. Furthermore, dissemination was significantly reduced, from 74 to 25%, in
susceptible RAG-2 mice by passively transferred antibody, predominantly immunoglobulin G2b (IgG2b) and
IgM, against the infecting bacterial innoculum. Fractionated IgG-enriched preparations were more efficient in
transferring protection than IgM preparations. We conclude that an antibody-mediated mechanism(s), most
likely bacterial opsonization, is of importance in localizing anaerobic root canal infections and in preventing
their systemic spread.

Bacterial infection of the dental pulp occurs as a conse-
quence of caries, trauma, and operative dental procedures.
These infections are mixed and anaerobic in nature, and are
associated with high morbidity and mortality if bacterial dis-
semination occurs from the root canal into the tissues or the
circulation. In this regard, pulpal infections may cause celluli-
tis, are the most common source of infecting microorganisms
in Ludwig’s angina (15), and have been implicated in cavern-
ous sinus thrombosis, brain abscesses, mediastinitis, and osteo-
myelitis (7, 14). Oral bacteria are also a primary source of
infections in transplant patients (13) and in immunodeficient
and immunosuppressed individuals (22).

Pulpal infections induce local immune responses in the peri-
apical region surrounding the root of the tooth. This response
consists of a typical mixed inflammatory infiltrate and is com-
posed of T cells, B cells, plasma cells, macrophages, and neu-
trophils (21, 23, 31, 32). However, it is unknown which of these
responses protect the host against bacterial egress and dissem-
ination. In previous studies, we developed a model of induced
pulpal infection in RAG-2 severe combined immunodeficient
(SCID) mice (34). RAG-2 SCID mice were found to develop
orofacial abscesses and disseminating infections following pul-
pal infection, whereas immunocompetent control mice were
resistant.

In the present study, we sought to determine whether T-cell
or B-cell activities or both mediate resistance to infection dis-
semination in this model. Our results indicate that B-cell-
deficient animals have increased susceptibility to infection dis-
semination, as do RAG2 SCID mice, and that dissemination is

significantly reduced by passively transferred antibody against
the infecting microorganisms.

MATERIALS AND METHODS

Animals. Breeding pairs of RAG-2 mice produced by targeted gene disruption
were kindly provided by Frederick Alt, Children’s Hospital Medical Center,
Boston, Mass. Igh-6 (B-cell-deficient), Tcrb Tcrd (T-cell-deficient), Hc0 (C5-
deficient), and A/J and C57BL/6 immunocompetent mice were purchased from
Jackson Laboratory, Bar Harbor, Maine. All immunodeficient strains are on a
background of C57BL/6 except for RAG-2 (129/SvEvTac 3 C57BL/6). Animals
were bred and/or maintained in laminar-flow isolators in the Forsyth Institute
Animal Facility under pathogen-free conditions.

Pulp exposure. RAG-2 (n 5 11), Igh-6 (n 5 12), Tcrb Tcrd (n 5 24), Hc0 (n 5
12), A/J (n 5 8), and C57BL/6 (n 5 12) mice, 8 to 12 weeks of age, were
anesthetized by the intramuscular injection of ketamine (80 mg/kg of body
weight) and xylazine (10 mg/kg) in sterile phosphate-buffered saline (PBS). The
pulps of the mandibular first molars were exposed on day 0 using a portable
variable-speed electric handpiece (Osada Electric, Los Angeles, Calif.) and a
sterile size 1/4 round bur under a surgical microscope (model MC-M92; Seiler,
St. Louis, Mo.). The pulp chambers were opened until the entrances of the canals
could be visualized and probed with a no. 10 endodontic file.

Infection with pathogens. Tryptic soy broth with yeast agar plates of four
common endodontic pathogens, Prevotella intermedia ATCC 25611, Streptococ-
cus intermedius ATCC 27335, Fusobacterium nucleatum ATCC 25586, and Pep-
tostreptococcus micros ATCC 33270, were grown under anaerobic conditions
(80% N2, 10% H2, and 10% CO2), harvested, and cultured in mycoplasma liquid
medium. The cells were centrifuged at 7,000 3 g for 15 min and resuspended in
prereduced anaerobically sterilized Ringer’s solution under the influx of nitro-
gen. The final concentration of each organism was determined by spectropho-
tometry, and the four pathogens were mixed to yield a concentration of 1010 cells
of each pathogen/ml in 0.01 g of methylcellulose/ml. The animals were infected
by placing 1 to 2 ml of the inoculum mixture into the exposed pulp. Following
infection, the teeth were sealed with composite resin (Zenith, Englewood, N.J.)
to prevent superinfection of pulps with microorganisms from the oral cavity.

Abscess scoring and body weight measurements. Grossly evident orofacial
abscesses were scored as positive or negative following visual examination. Body
weight was measured on day 0 and again on the day of sacrifice. Splenic weights
were determined at sacrifice.

Abscess sampling. All surviving mice were sacrificed on day 21, and abscess
formation was confirmed by the aspiration of pus from lesions. Aspirated mate-
rial was transferred to vials containing prereduced anaerobically sterilized Ring-
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er’s solution, serially diluted, plated on tryptic soy broth with yeast agar plates,
and incubated under anaerobic conditions. After 1 week of growth, plates were
counted for the number of CFU. The presence of pathogens in abscesses was
assessed using checkerboard hybridization, as described by Socransky et al. (29).

Antibody transfer. Antibodies directed against the four pathogens were pro-
duced by induction of immune ascitic fluids in C57BL/6 as described by Tung et
al. (35), which involved repeated intraperitoneal injections of an emulsion of
incomplete Freund’s adjuvant with antigen in a ratio of 9:1. The ascitic fluids
were collected from the abdominal cavity by cannulation with a sterile 19-gauge
needle. The fluids were centrifuged at 4°C at 2,300 3 g for 10 min to remove cells
and fibrin clots and were frozen at 270°C.

For purification of immunoglobulin M (IgM)- and IgG-enriched fractions,
ascitic fluids were pooled and Igs were precipitated with 45% ammonium sulfate,
pH 7.0. IgM- and IgG-containing fractions were separated by fast-performance
liquid chromatography using Superose 6 gel filtration chromatography (Amer-
sham Pharmacia Biotech, Piscataway, N.J.), as previously described by Smith et
al. (26). IgG aggregates contaminating the IgM-containing fractions were re-
moved by passage over a protein A-Sepharose column (Pierce, Rockford, Ill.).
The IgM- and IgG-enriched fractions were dialyzed against PBS, and their purity
was confirmed by enzyme-linked immunosorbent assay (ELISA) (MAb typing
kit; Calbiochem, San Diego, Calif.).

In the first experiment, one group of RAG-2 SCID mice (n 5 12) received
subcutaneous injections of mixtures of unfractionated antibodies (ascites) on
days 1, 3, 7, 11, and 15 relative to pulp exposure; control RAG-2 SCID mice (n 5
15) received injections of saline. In a second experiment, 0.5 to 1 mg of IgM (n 5
10) and IgG (n 5 11) were passively transferred to RAG-2 SCID mice on days
21, 3, 7, 11, and 15 after pulp exposure. Control animals (n 5 10 each) received
unfractionated ascites (positive) or saline (negative).

ELISA. Serum samples from pulpally infected mice were obtained by orbital
bleeding 21 days after pulpal exposure. Ninety-six-well plates were coated with
formalin-killed microorganisms in PBS (optical density [OD] at 580 nm 5 0.3)
and incubated for 3 h at 37°C. After two days at 4°C, plates were washed three
times with buffer II (0.9% NaCl, 0.05% Tween 20). For determination of specific
antibody against pathogens, the plates were incubated with diluted serum (1/100)
in buffer III (PBS with 0.05% Tween 20 and 0.02% NaN3) for 2 h at room
temperature (RT) with shaking. The optimal serum dilution of 1/100 was deter-
mined after testing a range of dilutions of serum. The plates were washed three
times with buffer II, and the bound Ig was detected by reaction with goat
anti-mouse Ig to alkaline phosphatase (Biosource) and diluted 1/1,500 in buffer
III overnight at RT. Conversion of substrate (p-nitrophenylphosphate [1 mg/ml];
Sigma) was determined at an OD at 405 nm using an enzyme-linked immunosor-
bent assay (ELISA) reader (BIO-TEK Instruments, Inc., Winooski, Vt.).

Identification of antibody subclasses IgG1, IgG2a, IgG2b, IgG3, IgM, and IgA
was performed using a hybridoma subisotyping kit (Calbiochem). Following
reaction of the primary antisera with bacterium-coated wells, typing sera were

added and the plates were incubated for 1 h at RT. Peroxidase-conjugated goat
anti-rabbit IgG (1/4,000) was then added to each well and incubated for 1 h at
RT. The color was developed by a ready-to-use 3,39,5,59-tetramethylbenzidine
substrate reagent supplied in the kit and quantified using an ELISA reader at 450
nm.

To quantify antibody concentrations, standard curves were established for
each antibody subclass. In brief, 96-well plates were precoated with a capture
goat anti-mouse Ig antibody. Serial fivefold dilutions of purified IgG1, IgG2a,
IgG2b, IgG3, IgM, and IgA (Calbiochem) were added to the precoated plates
and incubated for 1 h at RT, and this was followed by the addition of subclass-
specific typing antisera. Assays were conducted as above. Conversion from OD to
antibody concentration was determined by reference to the linear portion of the
standard curves generated for each antibody subclass.

Statistical analysis. Evaluation of the effect of antibody treatment on abscess
formation was made using chi-square analysis. Comparisons of body weights
were carried out by t test.

RESULTS

Development of orofacial abscesses in immunodeficient
mice. In order to determine whether immune mechanisms
mediated by B or T cells serve to limit pulpal infections and
prevent their dissemination, various immunodeficient mouse
strains were screened. T-cell-deficient (Tcrb Tcrd), B-cell-de-
ficient (Igh-6), and complement-deficient (Hc0) mice were sub-
jected to pulpal exposure and a standard infection regimen.
RAG-2 SCID mice served as positive controls, and immuno-
competent wild-type A/J and C57BL/6 mice served as negative
controls. All RAG-2 SCID mice developed evident orofacial
abscesses, and four mice died (Fig. 1 and 2). A high frequency
of abscesses also occurred in Igh-6 knockout mice (6 of 12),
with one animal dying. In contrast, only 1 of 24 Tcrb Tcrd and
1 of 12 Hc0 knockout mice developed abscesses. Wild-type
mice were uniformly abscess resistant, as previously reported
(34). These data suggest that B-cell- but not T-cell-deficient
animals have increased susceptibility to the development of
disseminating infections in this model.

Eight abscesses from RAG-2 SCID mice were sampled mi-
crobiologically and analyzed using DNA checkerboard hybrid-

FIG. 1. RAG-2 knockout mouse 21 days after pulp exposure and infection. Note orofacial abscess.
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ization. The results revealed that various combinations of the
four infecting pathogens were present in most of the abscesses
sampled; however, P. intermedia and F. nucleatum were present in
somewhat higher numbers than P. micros and S. intermedius
(data not shown).

Effect of bacterial infection on body weight and splenomeg-
aly. Loss of body weight is an indicator of disseminating infec-
tion and sepsis. The effect of bacterial infection on weight loss
in immunodeficient mice was therefore assessed. As shown in
Fig. 3, the RAG-2 knockout mice on day 28 experienced sig-
nificant weight loss compared to their original weights on day
0, as did Igh-6 knockout mice (P , 0.05 [chi-square test]). In
contrast, neither Tcrb Tcrd nor Hc0 knockout mice showed
significant weight loss during the experimental period. In ad-
dition, we measured spleen weights of these infected mice on
day 28. We also found significant splenomegaly in RAG-2
SCID and Igh-6 knockout mice, compared to Tcrb Tcrd and

Hc0 knockout mice (Table 1), which further indicates the pres-
ence of sepsis in the former strains.

Antibody response to pathogens. ELISAs were carried out
to assess the production of specific antibodies against the four
pathogens in infected immunodeficient mice. As seen in Fig. 4,
in wild-type mice P. intermedia elicited the highest levels of
antibody, followed by F. nucleatum, P. micros, and S. inter-
medius. The antibody levels thus paralleled the levels of each
bacterium isolated from abscess samples, as described above.
Hc0 knockout mice had responses that were similar to those
seen in wild-type mice. Tcrb Tcrd knockout mice showed mod-
est levels of antibody production, with the highest response to
F. nucleatum. As expected, neither RAG-2 SCID nor Igh-6
knockout mice had detectable levels of circulating antibody,
confirming their immunodeficient status.

The subclasses of serum antibody produced by wild-type,
Hc0, and Tcrb Tcrd knockout mice were determined 3 weeks
after infection. As shown in Fig. 5A and B, infected wild-type
and Hc0 knockout mice, respectively, produced predominantly
IgG2b responses to P. intermedia, whereas responses to the
other three bacteria included similar levels of IgM, IgG2b, and
IgG3. In contrast, responses in Tcrb Tcrd knockout mice (Fig.
5C) against most of the pathogens were predominantly IgM,
although one or more IgG subclasses were also produced
against all bacteria. Indeed, the response to F. nucleatum was
mainly IgG2b and IgG3, consistent with a T-independent type
1 (TI1) antibody response. Interestingly, some IgG was also
produced against gram-positive pathogens (P. micros and S.
intermedius), indicating that class switching also occurred
against organisms that normally induce a TI2 response.

Effect of passive antibody transfer on disseminating infec-
tions in RAG-2 SCID mice. Having observed a high frequency
of abscess formation and absent antibody production in mice

FIG. 2. Abscess development in immunodeficient mice. Solid bar, dead mice
with abscesses; grey bar, mice with abscesses only; open bar, mice without
abscesses.

FIG. 3. Effect of bacterial infection on weight loss in immunodeficient mice:
comparison of body weight on days 0 and 28. Gray bars, RAG-2; hatched bars,
Tcrb Tcrd; cross-hatched bars, Igh-6; and solid bars, Hc0. The bars encompass
the 25th to 75th percentiles, the horizontal lines represent the medians, the
brackets indicate standard errors of the means, and the closed circles represent
outliers. p, P , 0.05 (day 28 versus day 0).

TABLE 1. Spleen weights in immunodeficient mice

Strain Mean spleen
wt (g) 6 SD

RAG-2..................................................................................... 0.12 6 0.06a

Igh-6......................................................................................... 0.14 6 0.06a

Tcrb Tcrd ................................................................................ 0.06 6 0.01
Hc0 ........................................................................................... 0.06 6 0.02

a P , 0.01 (t test).

FIG. 4. Antibody production in immunodeficient mice. Levels of antibody
produced against P. intermedia (P. int), P. micros (P. mic), F. nucleatum (F. nuc),
and S. intermedius (S. int) were determined by ELISA. T-cell-deficient Tcrb Tcrd
mice had modest levels of antibody against all pathogens.
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deficient in B cells, we assessed the effect of passively trans-
ferred antibody on abscess formation in RAG-2 SCID mice.
The transferred antibodies, derived from immune ascitic fluids,
were dominated by IgG2b and IgM, although varying amounts
of IgG1, IgG2a, and IgG3 were also present (Table 2). The
levels of antibody against P. intermedia and P. micros were
generally higher than those against F. nucleatum and S. inter-
medius. Following passive transfer, the levels of circulating
antibody against the four pathogens in infected RAG-2 knock-
out mice were approximately fivefold higher than in wild-type
mice immunized by pulpal infection (data not shown). As ex-
pected, no antibody was present in the control RAG-2 SCID
animals not receiving passive antibody.

The effect of passive antibody transfer on abscess forma-

tion is summarized as follows. As shown, of the 15 RAG-2
control mice that did not receive antibody, 11 developed oro-
facial abscesses. In contrast, only 3 of 12 antibody-treated
RAG-2 SCID mice developed abscesses (P , 0.05 [chi-square
test]); two of these abscesses were very small. Furthermore,
5 of 15 RAG-2 control mice died with abscesses prior to day
21, compared to no deaths among the 12 antibody-treated
mice.

The effect of antibody treatment on weight loss in RAG-2
SCID mice was also assessed. As shown in Fig. 6, RAG-2 mice
not receiving antibody showed significant weight loss on day 21
compared to their original weights on day 0 (P , 0.05 [chi-
square test]). In contrast, RAG-2 mice receiving antibody
showed no change in weight during the experimental period.

FIG. 5. Subclasses of serum antibody produced by infected wild-type (A), Hc0 (B), and Tcrb Tcrd knockout (C) mice. Subclasses of antibody against P. intermedia
(P. int), P. micros (P. mic), F. nucleatum (F. nuc), and S. intermedius (S. int) in serum were determined by ELISA.

5648 HOU ET AL. INFECT. IMMUN.



Effect of transfer of fractionated IgM and IgG antibody on
disseminating infections. In order to identify the protective
antibody isotype, immune ascites fluid was separated into IgM
and IgG-enriched fractions. Following transfer of fractionated
and unfractionated ascites fluid, RAG2 SCID mice were chal-
lenged by pulp exposure and infection with the four-pathogen
mixture, and the effect on infection dissemination was deter-
mined. As summarized in Table 3, mice receiving PBS as a
negative control developed a high frequency of abscesses (8 of
10), whereas those receiving unfractionated immune ascites
fluid were largely protected (1 of 10) (P , 0.01 [chi-square
test]). Of importance, animals infused with the IgG-enriched
fraction (P , 0.01 versus PBS control) showed more protection
than did animals infused with the IgM-enriched fraction (P .
0.05 [not significant]), suggesting that the IgG isotype is more
effective in preventing dissemination in this model.

DISCUSSION

Bacteremia and sepsis of oral origin are common in immu-
nocompromised patients, including neutropenic cancer pa-
tients (24, 37). In the present study, we evaluated various
components of the adaptive immune response to determine
their contribution to protection against disseminating oral an-
aerobic infections and sepsis originating from the root canal.
Our findings demonstrate that both RAG-2 SCID and B-cell-
deficient mice, but not T-cell- or complement C5-deficient

mice, have increased susceptibility to the development of dis-
seminating infections. Furthermore, dissemination was signif-
icantly reduced by passively transferred antibody against the
infecting bacterial innoculum, with IgG-enriched fractions re-
sponsible for the bulk of the protection. These findings
strongly support the conclusion that an antibody-mediated
mechanism(s), possibly bacterial opsonization, is of impor-
tance in localizing infections to the root canal system and in
preventing their systemic spread.

Tcrb Tcrd mice produced only modest levels of IgM and IgG
in response to all pathogens yet were highly protected against
infection dissemination. The response to the gram-negative
pathogen F. nucleatum showed extensive class switching, typi-
cal of a TI1 antigen possessing inherent mitogenic activity, i.e.,
lipopolysaccharide (2, 27). The response to the gram-positive
organisms P. micros and S. intermedius was dominated by IgM,
typical of a TI2 response, although some class switching to
IgG2b and IgG3 also occurred. The finding that IgG is more
effective than IgM in transferring protection (Table 3) suggests
that antibody class switching from IgM to IgG may be impor-
tant in T-independent antibody-mediated protection in this
model. TI2 antigens such as capsular polysaccharides (e.g.,
dextran) from gram-positive organisms, which activate B cells
by receptor cross-linking, cannot induce class switching (27).
However, NK cells and macrophages may stimulate TI2 anti-
body secretion and class switching through elaboration of gran-
ulocyte-macrophage colony-stimulating factor and gamma in-
terferon (28). Further studies are needed to determine if this
mechanism is involved in protection in this model.

Antibodies may mediate host protection through a variety of
mechanisms, including inhibition of microbial attachment, ag-
gregation, opsonization, and activation of the complement sys-
tem. Although IgM, IgG2b, and IgG3 can all fix complement
(12), the finding that C5-deficient animals were not abscess
susceptible suggests that lysis of the pathogenic microorgan-
isms is not a primary protective mechanism in this model.
Rather, we favor the interpretation that antibody-mediated
aggregation and/or opsonization by IgG2b and possibly IgM
may be responsible for the observed protection. The trans-
ferred antibodies against the four inoculated pathogens were
opsonic in vitro for at least S. intermedius and P. intermedia.
Opsonic activity also correlated with antibody levels (R. Teles,
unpublished findings). The mechanism of IgM-mediated opso-
nization is not well understood but may require IgM comple-
ment activation to C3b, which functions as an opsonin (25).
Additional studies are required to identify the IgG subclass(es)
responsible for protection and to define the opsonic function
of these antibodies in protection against infection dissemina-
tion.

The murine subcutaneous abscess and subcutaneous cham-
ber models have been used extensively to examine the role of
the host immune response in periapical and/or periodontal
disease pathogenesis (1, 11, 20, 33, 34, 36). Results from these

FIG. 6. Effect of antibody treatment on body weight in RAG-2 knockout
mice: comparison of weight loss in RAG-2 control mice without antibody treat-
ment (shaded bars) and RAG-2 test mice with antibody treatment (hatched bars)
on days 0 and 21 (surviving mice only). The bars encompass the 25th to 75th
percentiles, the horizontal lines represent the medians, the brackets indicate
standard errors of the means, and the open circles represent outliers. p, P , 0.05
(day 21 versus day 0).

TABLE 2. Concentration of subclasses of transferred antibody
against pathogens

Subclass
Concn (mg/ml) of antibody against:

P. intermedia P. micros F. nucleatum S. intermedius

IgM 315.1443 8,004.352 138.4867 9.9919
IgG1 620.857 36.7445 0.3558 0.6021
IgG2a 570.1827 0.8915 0.3749 0.0827
IgG2b 7,509.297 7,360.838 48.4488 9.2755
IgG3 568.7158 874.6132 38.7272 0.7298
IgA 290.5824 5.60 0.0002 0.0002

TABLE 3. Efficacy of antibody isotypes in preventing
infection dissemination

Treatment Abscess
formationa

Ascitic fluid .................................................................................... 1/10b

IgG.................................................................................................. 2/11b

IgM ................................................................................................. 4/10
PBS ................................................................................................. 8/10

a Results shown are number of mice with abscess/total number of mice.
b P , 0.01 versus PBS control (chi-square test).
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studies have been inconclusive. Reduced infection-stimulated
bone destruction was reported in SCID (1) and in T-cell-
deficient mice (33) compared to wild type, suggesting that T-
and/or B-cell mechanisms may actually contribute to patho-
genesis. In contrast, no difference in local bone destruction was
reported in the periapical model in these strains in the absence
of infection dissemination (34, 36). Similarly, Kesavalu et al.
(20) found that SCID and B-cell- and T-cell-deficient mice
challenged with Porphyromonas gingivalis had primary lesions
of a size similar to that seen in the wild type in a subcutaneous
abscess model.

Several studies have reported that active immunization with
a variety of oral pathogens, such as P. gingivalis, F. nucleatum,
and Wolinella recta, resulted in significant protection of mice
from lesion progression, abscess formation, and death in these
models (4, 5, 9, 19). Protection was correlated with IgG and
IgM antibody production, but this was not confirmed in passive
transfer experiments. A confounding factor in all studies was
that cell-mediated immunity was also induced by the immuni-
zation protocols utilized (3, 9, 18, 19). These results also con-
cur with the earlier demonstration by Dahlen et al. (8), who
showed that immunized monkeys had a more distinct delimi-
tation of the periapical resorptive process than nonimmunized
monkeys.

In a previous study from this laboratory, the rate of abscess
formation and dissemination in RAG2 SCID mice was approx-
imately 33% (34), compared to 80 to 90% in the current in-
vestigation. This increased incidence is likely due to a modifi-
cation in the infection protocol in which pathogens were sealed
within the teeth. The lack of communication between the in-
fected dental pulp and the oral cavity likely prevents drainage
of the abscess through the tooth, thereby facilitating the sys-
temization of infection. Given that most pulpal infections are
closed to the oral cavity, this situation is likely to more closely
mimic the clinical situation in humans. Moreover, contamina-
tion with other microorganisms from the oral environment is
prevented, so that the immune response that occurs is directed
only against the infecting inoculum.

It is noteworthy that only about 50% of B-cell-deficient mice
exhibited abscess development, compared to 80 to 90% of
RAG-2 SCID mice. In addition, despite the significant protec-
tion afforded by passively transferred antibody, this protection
was incomplete. These data suggest the possibility that T-cell-
mediated immune mechanisms that are distinct from helper
activity for antibody formation may also exert some protective
effect. In this regard, T-cell expression of interleukin 8 and
granulocyte-macrophage colony-stimulating factor could stim-
ulate polymorphonuclear lymphocyte emigration and activa-
tion (10) and increased antibacterial activity. Our previous
findings demonstrated that polymorphonuclear leukocytes re-
duce infection-stimulated bone destruction and are protective
in this model (17, 30).

A second possibility is that an innate response mediated by
NK cells may actually contribute to disseminating infection
and/or septic shock in RAG-2 SCID mice. The NK cell com-
partment is intact in RAG-2 SCID mice, and their numbers
and function may even be increased (6). Much evidence sug-
gests that NK cells play a critical role in septic shock through
the elaboration of large amounts of gamma interferon and
tumor necrosis factor alpha (16, 38). Whether T-cell-mediated
immunity is protective and what the role of NK cells is in
mediating increased susceptibility of RAG-2 SCID mice to
disseminating infections need to be further defined.
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