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Abstract

 

Neonatal animals were not considered as suitable vaccine

recipients either because of immune immaturity or because

passively delivered antibody interferes with immune induc-

tion. In this report, we evaluated the response of neonatal

mice to immunization with naked DNA encoding a herpes

simplex virus (HSV) protein, and determined if maternally

derived HSV antibody interfered with immunogenicity. Our

results show that neonatal mice develop effective humoral

and T cell responses after immunization with either DNA or

inactivated vaccines. The nature of the responses to HSV

immunization, however, was more Th2-like in neonates

than in adults. Whereas neonatal mice from HSV-naive

mothers responded well to both DNA and inactivated vac-

cines, only DNA immunization induced effective immunity

in neonates born to immune mothers. Our results indicate

that DNA vaccines might provide a useful means of immu-

nizing young animals that still possess high levels of poten-

tially interfering maternal antibody. (
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Introduction

 

Newborns and the very young are rarely if ever given vaccines,
yet vaccinating this age group against some agents could pro-
vide a valuable means of breaking cycles of agent transmission.
Herpes simplex virus (HSV)

 

1

 

 infection may represent such an
example. Infection likely occurs at a very young age, and once
this has occurred the stage is usually set for lifelong persistence
of virus with periodic episodes of clinical or subclinical reex-
pression (1). Conceivably, immune induction during infancy
might preclude infection or could be devised to establish a pat-
tern of immune reactivity that limits clinical expression after
reactivation from latency. Neonates are not usually considered
as suitable vaccine recipients either because of immune imma-
turity, or because maternally derived passive antibody inter-
feres with active immune induction (2–5). The latter effect

provides an obstacle to early immunization against several hu-
man and veterinary pathogens (3–6).

Recently, naked plasmid DNA was shown to represent an
effective means of immunizing against several agents, includ-
ing HSV (7–11). Naked DNA administration, given to mus-
cles, leads to uptake and long-term expression by antigen-pre-
senting cells (APC) such as dendritic cells (12–14). This form
of immunization might be refractory to uptake interference by
antibody, and targeting APC may provide a durable source of
antigen that should maximize eventual immune induction.
Nevertheless, in some systems, immunization of 2-5-d-old mice
with DNA vaccines was observed to induce neonatal tolerance
rather than immunity (15). In this report, we evaluated the re-
sponse of neonatal mice to immunization with naked DNA en-
coding an HSV protein, and determined if maternally derived
HSV antibody interfered with immunogenicity. Our results
show that neonatal mice develop effective humoral and T cell
responses after immunization with either DNA or inactivated
vaccines. The nature of the responses to HSV immunization,
however, was more Th2

 

1

 

-like in neonates than in adults.
Whereas neonatal mice from HSV-naive mothers responded
well to both DNA and inactivated vaccines, only DNA immu-
nization induced effective immunity in neonates born to im-
mune mothers. Our results indicate that DNA vaccines might
provide a useful means of immunizing young animals that still
possess high levels of potentially interfering maternal anti-
body.

 

Methods

 

Plasmid DNA preparation.

 

This procedure has been described in de-
tail elsewhere (16). In brief, a full-length gB

 

1

 

 gene was expressed in
the plasmid pc-DNA-I under the control of a cytomegalovirus pro-
moter. Plasmid DNA, after growth in 

 

Escherichia coli

 

, was purified
using plasmid DNA isolation columns (Promega Corp., Madison,
WI), and the purity and concentrations were determined. pc-DNA
without gB acted as the vector control material.

 

Virus and cells.

 

HSV-1 stains KOS and I7 were grown on vero
cell monolayers (no. CCL81; American Type Culture Collection,
Rockville, MD) and stored at 

 

2

 

80

 

8

 

C until use.

 

Mice.

 

3-4-wk-old BALB/c mice were obtained from Harlan
Sprague-Dawley (Indianapolis, IN). Breeding was begun at 5–6 wk.
Breeding was done at the Laboratory Animal Facility (College of
Veterinary Medicine, Knoxville, TN). Animal facilities and the inves-
tigators are accredited by the American Association for Accredita-
tion of Laboratory Animal Care.

 

Neonatal and adult mouse immunization.

 

To obtain infant mice,
groups of female BALB/c mice (5–6-wk-old) were immunized intra-
muscularly (50-

 

m

 

l vol) with 10

 

7

 

 pfu

 

1

 

/mice of HSV-1 (KOS strain,
HSV-immune group) or PBS (pH 7.2, naive group). 1 d after immuni-
zation, breeding was begun, and pregnant animals were identified. 2
wk after conception, mothers were boosted with 50 

 

m

 

l of UV-inacti-
vated HSV-1 (strain KOS, 10

 

7

 

 pfu/mice before inactivation). 24 h af-
ter parturition, mother mice were bled by retroorbital puncture, and
the serum was analyzed for gB-specific antibodies. Pups were used
for immunization at 

 

z

 

 24 h after birth, at which time all animals had
suckled colostrum. Suckling mice from nonimmunized as well as im-
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munized mothers were vaccinated in the thigh region with various an-
tigens described in Results. In brief, injections were delivered in a 10-

 

m

 

l vol and animals received gB-DNA (100 

 

m

 

g), vector-DNA (100 

 

m

 

g),
or UV-inactivated HSV-1-KOS (10

 

7

 

 pfu before UV-inactivated) or
PBS (pH 7.2). At the age of 3 wk, mice were weaned, and the sexes were
separated. Age-matched neonatal vaccinated female mice were used
for the experiments described below. Mice were test-bled at 4 and 6
wk when some experiments were terminated.

 

Antibody assays.

 

At 4 and 6 wk after immunization, five animals
from each group were bled. Equal volumes of serum were obtained,
and pools were screened for gB-specific G IgG using a standard
quantitative ELISA described previously (17). The same sera were
analyzed for neutralizing antibodies by a serum-neutralization (SN)
assay (16). The gB antigen was generously supplied by Dr. Rae Lyn
Burke of Chiron Corp. (Emeryville, CA).

 

T cell assays.

 

6 wk after immunization, splenocytes obtained from
five mice of various groups were pooled and analyzed for HSV-spe-
cific lymphoproliferation as described in detail elsewhere (17). In
brief, immune splenocytes (responders) were collected and restimu-
lated in vitro (4 d at 37

 

8

 

C) with varying ratios of stimulator cells that
were x-irradiated naive syngeneic spleen cells infected at a multiplic-
ity of infection (moi) of 1.5 with UV-HSV-1 (KOS strain). 18 h before
the harvest, 1 

 

m

 

Ci/well of [

 

3

 

H]TdR was added to all wells, and har-
vesting cells were measured for radioactivity by 

 

b

 

 scintillation. Re-
sults were expressed as total cpm [

 

3

 

H]TdR incorporation as well as by
standard stimulation index.

A portion (10

 

6

 

 cells) of the cells used for the lymphoproliferation
assays were screened for their cytokine profile by a procedure de-
scribed previously (17). For these assays, 10

 

6

 

 cells were suspended in
1 ml of RPMI-10% FCS in a 12-well tissue culture plate. Cells from
each vaccinated group were divided into three sets. One set of 10

 

6

 

cells were in vitro–restimulated with UV-HSV-1 (KOS; 1.5 moi) and
the other groups with 5 

 

m

 

g of concanavalin A (con-A) or none. All
these cells were incubated at 37

 

8

 

C for 72 h, and the supernatant from
each well was collected, aliquoted, and stored at 

 

2

 

20

 

8

 

C until used.
These supernatants were analyzed for various cytokines as per the
previously described procedure (17). IFN-

 

g

 

 was detected by using
ELISA (IFN-

 

g

 

 ELISA minikit; Endogen, Cambridge, MA). IL-2 and
IL-4 were detected by bioassays using CTLL-2 and CT4.S cells (cells
and IL-4 were kind gifts of Dr. Cynthia Watson, National Institutes of
Health, Bethesda, MD), respectively. Concentrations of the cyto-
kines were derived from the standard curves.

 

Delayed-type hypersensitivity (DTH) assays.

 

Four mice from each
group were tested for the DTH response using the protocol described

elsewhere (18). In brief, on the day of testing, each mouse was in-
jected with 20 

 

m

 

l of UV-inactivated HSV-1.17 (10

 

7

 

 pfu before inacti-
vation) in the right ear pina, and the same volume of vero cell extract
in the left. Ear thickness was measured at 

 

2

 

1 and 48 of injection, and
the values were expressed as n.10

 

2

 

2

 

 mm. Mean increase in ear thick-
ness was calculated by subtracting values at 

 

2

 

1 h from 48 h. Values
obtained from the vero cell extract–injected ears were further sub-
tracted from the HSV injected ears and the data presented. 

 

Virus infection.

 

Immunized mice were challenged with HSV-1.17
as described elsewhere (17). In brief, 6 wk after immunization just be-
fore challenge, the left flanks of anaesthetized mice were depilated
and scarified, and 20 

 

m

 

l containing 10

 

4

 

 pfu (10 ID

 

50

 

) or 5 

 

3

 

 10

 

5

 

 pfu
(500 ID

 

50

 

) of HSV-1 (17 strain) was added and the flanks were gently
massaged. Animals were observed daily for ipsilateral zosteriform le-
sions as described in detail elsewhere (17). Severity of the lesions
were scored in a blinded fashion as follows: 1

 

1

 

, vesicle formation;
2

 

1

 

, local erosion and ulceration of the local lesion; 3

 

1

 

, mild to mod-
erate ulceration; 4

 

1

 

, severe ulceration, hind limb paralysis, and en-
cephalitis. Animals that failed to develop zoster lesions have no de-
tectable viruses (by virus isolation and titration) at the injection site
after 2–3 d of cutaneous infection, and do not develop lesions at a
later period. Animals that progressed to 1

 

1

 

 clinical lesion never re-
covered, and they usually proceeded to 4

 

1

 

 lesions before death. Ani-
mals with 4

 

1

 

 lesions were killed.

 

Results

 

In previous experiments with young adult mice, plasmid DNA
encoding gB was shown to induce several aspects of adaptive
immunity, and provided protection against systemic (17) and
mucosal challenge with HSV (19). This construct was used to
immunize two groups of neonatal mice, one group born to
mothers previously unexposed to HSV, and the other group
whose mothers were immunized with HSV, and who had high
titers of gB-specific antibody (Table I). Neonatal mice from
both groups were also immunized with UV-inactivated HSV,
or with vector DNA. Animals were test-bled at 4 and 6 wk
when animals were killed for the measurement of cell-medi-
ated immunity. Additional groups of similarly immunized ani-
mals were used to assess T cell immunity by DTH, as well as
their level of resistance upon systemic challenge with HSV.
The results are expressed in Tables I–III. It is to be pointed out

 

Table I. GB-specific Serum Antibody Response at Different Time Points to HSV Antigens in Neonatal Mice (ng/ml)

 

Immune status
of mother

4 wk p.i.

 

¶

 

6 wk p.i.

Vaccine given to newborns

 

‡

 

Total IgG IgG2a IgG1 IgG2a/IgG1 ratio SN Total IgG IgG2a IgG1 IgG2a/IgG1 ratio SN

 

Naive

 

§

 

gB-DNA 4825* 2140 3018 0.7 8 5313 1560 3710 0.4 16

Naive vector-DNA

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

Naive UV-HSV 31243 12562 21426 0.6 32 28608 9105 13640 0.7 32

Naive PBS

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

HSV

 

i

 

gB-DNA 7512 2371 6728 0.3 16 10944 3412 7089 0.5 16

HSV vector-DNA 765 257 322 0.8 2

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

HSV UV-HSV 412 185 478 0.4 2

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

HSV PBS 597 288 346 0.7 2

 

,

 

 10

 

,

 

 10

 

,

 

 10 —

 

,

 

 2

*gB-specific antibody was measured by ELISA as described in Methods. 

 

‡

 

Adult mice immunized with gB-DNA or UV-HSV expressed higher gB-

specific IgG response (12,859 and 22,455 ng/ml respectively), but the IgG isotype showed predominance of IgG2a (in the gB-DNA group the IgG2a/

IgG1 ratio was 11.7 and in the UV-HSV group it was 2.4). SN, serum neutralization titer. 

 

§

 

Mice unexposed to HSV. 

 

i

 

HSV naive and immune mothers

were bled at day 1 after parturition. HSV immune mothers (four mice) showed a mean antibody titer (gB specific by ELISA) of 27,283

 

6

 

6,450 ng/ml

while naive mothers failed to show detectable levels. 

 

¶

 

Newborns from the HSV immune mothers showed residual maternal antibodies at 4 weeks post

immunization (see vector DNA group and PBS group). p.i., postinfection; SN, serum-neutralizing antibodies.
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that at 4 wk, pups born to HSV-immune mothers still had anti-
HSV antibody. By 6 wk such passively acquired antibodies had
disappeared.

Responses to neonatal immunization were evident by 4 wk,
although at this time residual maternal antibody was still
present that ranged in concentration of 185–765 pg/ml (Table
I). By 6 wk such neonatally acquired antibody had disap-
peared. It is apparent that mice do develop antibody responses
to HSV after neonatal immunization. It is evident from the
pattern of IgG isotype responses measured at 6 wk that re-

sponses were more Th2-like than was the case in mice immu-
nized as young adults (Table I). Accordingly, the ratio of
IgG

 

2a

 

:IgG

 

1

 

 was much lower in neonates than in mice immu-
nized as young adults. Upon gB DNA vaccination of neonates
from either nonimmune or immune mothers, antibody re-
sponses measured 6 wk later were of similar magnitude (5313
and 10944 pg/ml, respectively) and IgG isotype pattern (Table
I). Whereas neonates from HSV-naive mothers developed re-
sponses to inactivated virus that were fivefold superior to
those immunized with gB DNA, however, neonates from

 

Table III. Neonatal Immunization of BALB/C Mice with GB-DNA–induced Protection Against HSV Infection

 

Percent protection after 10 ID

 

50

 

 virus challenge

 

§,

 

i

 

Immune status
of mother*

Experiment 1 Experiment 2

Vaccine given to neonates

 

‡

 

day 10 day 14 day 10 day 14

 

Naive gB-DNA 80 (4.0) 80 (D)

 

¶

 

70 (3.7) 70 (D)

Naive vector-DNA

 

,

 

 1 (3.5)

 

,

 

 1 (D)

 

,

 

 1 (4.0)

 

,

 

 1 (D)

Naive UV-HSV 100 100 100 100

Naive PBS

 

,

 

 1 (3.9)

 

,

 

 1 (D)

 

,

 

 1 (3.6)

 

,

 

 1 (D)

HSV gB-DNA 70 (3.0) 70 (D) 80 (4.0) 80 (D)

HSV vector-DNA

 

,

 

 1 (4.0)

 

,

 

 1 (D)

 

,

 

 1 (4.0) 80 (D)

HSV UV-HSV 10 (4.0) 10 (D) 30 (3.5) 20 (D)

HSV PBS

 

,

 

 1 (3.8)

 

,

 

 1 (D) 10 (4.0)

 

,

 

 1 (D)

*BALB/c mice were immunized in the foot pad with UV-HSV-1-KOS (10

 

7

 

 pfu) (HSV group) or equal volume of PBS (naive group). Pregnant female

mice were boosted with the respective antigens at 

 

z

 

 2 wk after conception. 

 

‡

 

24-h-old pups were immunized with various vaccines in 10 

 

m

 

l vol. s.c. into

the thigh region. 

 

§

 

6 wk after immunization, mice were challenged with 10

 

4

 

 pfu (low dose) of HSV (10 ID

 

50

 

) on the scarified skin of the flank. Not

shown in the table are the data of mice that received 500 ID

 

50

 

 of HSV-1.17 (high dose), all of which died by day 14 except naive mother–derived pups

immunized with UV-HSV. 

 

i

 

Values in the parenthesis represent the mean clinical score of the lesion-developed animals. D, lesion-developed animals

died. 

 

¶

 

Adult BALB/c (3–4 wk) receiving gB-DNA or UV-HSV showed protection of 90 or 100%, respectively, at low dose virus challenge. The pro-

tection, however was only 20 and 100% virus, respectively, at high viral dose.

 

Table II. HSV-specific T Cell Immune Responses of Splenocytes Obtained from Neonatally Vaccinated Mice

 

Immune status
of mother

Vaccine given
to newborns

Lymphoproliferation* CPM
of responders 

 

1

 

 HSV stimulators
Stimulation

index

 

‡§

 

Cytokine production

 

i

 

¶

 

IFN-

 

g

 

IL-2 IL-4 DTH**

 

,‡‡

 

 (10

 

2

 

2

 

 mm)

 

pg/ml pg/ml pg/ml pg/ml

 

Naive gB-DNA 15938

 

6

 

658 16.7 761 3658 321 5.9

 

60.8

Naive vector-DNA 8596322 1.2 , 50 , 10 , 10 0.260.1

Naive UV-HSV 201456769 25.9 1838 5418 546 11.961.6

Naive PBS 3566279 0.7 , 50 , 10 , 10 0.460.2

HSV gB-DNA 114836965 13.2 1459 4633 198 5.560.3

HSV vector-DNA 9586405 0.9 , 50 , 10 , 10 0.560.2

HSV UV-HSV 18286629 1.8 93 , 10 , 10 0.260.1

HSV PBS 6896325 1.2 , 50 , 10 , 10 0.660.4

*6 wk after neonatal immunization, spleen cells (responder cells) were restimulated in vitro with HSV-infected x-irradiated syngeneic spleen cells

(stimulator cells) for 5 d at 37°C. cpm of incorporated [3H]thymidine was measured after an 18-h pulse. ‡The ratio of cpm of responders 1 HSV stim-

ulators versus cpm of responders 1 naive stimulators. §Adult mice that received gB-DNA or UV-HSV showed stimulation indices of 20.4 and 30.8,

respectively. iCulture supernatants obtained from 72-h UV-HSV pulsed splenocytes were screened for cytokines as described in Methods. ¶Not

shown in the table are the data from supernatants of Con-A–stimulated splenocytes (positive control) that showed the presence of all cytokines tested.

Splenocytes obtained from adult mice immunized with gB-DNA upon in vitro restimulation with UV-HSV produced 4295, 3948, and . 10 pg/ml of

IFN-g, IL-2, and IL-4, respectively. **DTH responses to HSV-1.17 (UV-inactivated) were measured as described in Methods. Values obtained from

vero cell extract–injected ears were subtracted from the values recorded from HSV-injected ears. Table represents the mean increase in thickness at

48 h. Four mice were used from each group for this analysis. ‡‡DTH testing done on adult mice showed that gB-DNA and UV-HSV vaccine recipients

had a mean increase of 7.661.9 and 12.162.0, respectively, to UV-HSV-1.17 ear challenge. Table represents one of the three experiments, all of

which showed comparable results.
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HSV-immune mothers failed to generate detectable HSV-spe-
cific antibody. Serum virus neutralization tests indicated that
both immune and naive pups had titers of 16 upon gB-DNA
immunization. In contrast, vaccination of those groups with
UV-HSV indicated that only naive group developed a neutral-
izing antibody (titer 32) while immune pups failed to show any
serum neutralization.

A similar pattern of reactivity was revealed by in vitro mea-
sures of T cell immunity. Thus, as shown in Table II, after gB
DNA immunization, both groups of neonates developed simi-
lar levels of T cell immunity detected by lymphoproliferation
and antigen-induced cytokine production. Splenocytes ob-
tained from naive and immune pups vaccinated with gB-DNA
showed HSV-specific lymphoproliferation, and the stimulation
indices were 16.7 and 13.2, respectively. Such proliferative re-
sponses, however, only occurred in UV-HSV immune pups
from naive mothers. Splenocytes from newborns of immune
mothers failed to proliferate to HSV antigen despite prior im-
munization with UV-HSV.

Interestingly, the cytokine pattern showed that both Th1
and Th2 T cells were induced in neonates, but as observed pre-
viously (17), similarly immunized adults showed almost exclu-
sively a Th1 pattern of responsiveness to DNA immunization.
As with humoral immunity, it was evident that neonatal mice
born to nonimmunized mothers generated T cell immunity
upon immunization with inactivated vaccine. In contrast, neo-
nates with maternal antibody failed to respond. The pattern of
responsiveness evident from in vitro assays was also apparent
by in vivo measurement of DTH. Thus, mice of both neonatal
groups developed DTH responses after DNA immunization,
but only the neonatal mice from naive mothers responded to
inactivated vaccine (Table II).

Finally, as shown in Table III, the pattern of immune
events shown by neonatally immunized mice by antigen-spe-
cific in vitro assays was confirmed by the results of virus chal-
lenge experiments. Mice from both neonatal groups (immune
and nonimmune mothers) developed resistance to HSV chal-
lenge after DNA immunization. In addition, neonates from
nonimmune mothers resisted challenge, and in fact had abso-
lute immunity after immunization with inactivated vaccine.
Neonates from immune mothers vaccinated with inactivated
virus, however, succumbed to challenge.

In a separate experiment, adult BALB/c mice were in-
jected intravenously with 200 mg of anti-HSV serum or naive
mouse serum in a 200-ml volume. 6 hrs later, those mice were
immunized intramuscularly with either gB-DNA or vector
DNA or UV-HSV-1 (KOS). 3 wk later, those mice were chal-
lenged with 104 pfu of HSV-1.17. Interestingly, only the gB-
DNA recipients were protected from zoster lesions. UV-HSV
and vector DNA immune mice succumbed to show clinical le-
sions (data not shown). Taken together, it is apparent that neu-
tralizing antibodies, either naturally or artificially acquired, fail
to inhibit successful immune responses to DNA vaccination.

Discussion

This report demonstrates that immunization of newborn mice
with plasmid DNA encoding the major glycoprotein gB is an
effective means of inducing HSV-specific immunity. The ap-
proach was equally effective in neonates born to nonimmune
mothers, as well as those whose mothers were HSV-immune,

and who received passive antibody reactive with the gB pro-
tein. In contrast, whereas naive neonates responded with even
higher levels of immunity after vaccination with inactivated vi-
rus than occurred after DNA immunization, detectable im-
mune responses did not occur in passively immune neonates
given inactivated vaccine. These results emphasize that DNA
vaccines do provide a valuable means of inducing immunity in
young animals, even at a time when they have high levels of
passive immunity that may interfere with other forms of vacci-
nation. The reason such passive antibody fails to interfere with
DNA vaccines remains to be shown, but it presumably relates
to the likelihood that antibody does not impede DNA access
to APC, and that such cells may express antigen for prolonged
periods in vivo (8).

Even though there is frequently a need to vaccinate ani-
mals soon after birth, this is not done either because animals
are expected to be immature immunologically, or because the
passively received antibodies interferes in some way with im-
mune induction (5). The latter is a particular problem for vac-
cines designed to protect against parainfluenza viruses (3, 4).
Currently, no licensed vaccine exists for HSV, and infection by
this virus is likely to occur in many individuals during infancy
(20). Conceivably, prophylactic vaccines might prevent infec-
tion and the establishment of latency, which together set the
stage in many individuals for a lifetime of recurrent episodes of
clinical disease. DNA vaccines against HSV are under clinical
trial, although not for use in children.

Only two published reports have described the use of DNA
vaccines in infant mice, and in one of these reports the out-
come was immunological tolerance rather than immunity (15,
21). Indeed, induction of tolerance was only achieved with the
DNA vaccine, and was not observed with other vaccine formu-
lations (15). It was supposed that tolerance induction occurred
because the immunogenic proteins or peptides newly synthe-
sized after DNA administration might be in a tolerogenic
form. If true for the CSP protein of malaria, it was not the case
with the HSV DNA vaccine studied in this report, nor was the
effect observed in newborns immunized against influenza (21).
In fact, it appears that inducing complete immunological toler-
ance against viral antigens in newborn mice with any antigen
formulation is difficult to achieve. More common, however, is
the production of an immune response whose pattern differs
from that of the adult (22–26). Thus, classical studies on neo-
natal tolerance to LCMV reviewed that the tolerance affected
CTL but not antibody response (27). It is commonly observed
that nature of the T cell response after neonatal antigen expo-
sure emphasizes Th2 rather than Th1 (22–26); this was also the
case in our studies with DNA vaccination. Why such a pattern
of responsiveness should occur has yet to be resolved. Sug-
gestions have included qualitative differences in the function
of newborn T cells upon antigen stimulation, an inefficiency of
neonatal APC, and quantitative differences in the number of
responder T cells (2). Interestingly, the pattern of immune re-
sponsiveness established at birth in some systems is retained in
the form of memory (24, 26). This situation may be beneficial
where the Th2 pattern is crucial for immunity, but is problem-
atic if resistance is predominantly a property of Th1-mediated
immunity. As some studies have indicated, Th2 domination af-
ter neonatal immunization is not an inevitable consequence
(24), and DNA vaccines represent an immune strategy that
can be manipulated with ease to engender a required type of
immune response (28). Reports that this result can be achieved



DNA Immunization of Neonates 2375

in adults have been made (11), and we are seeking to deter-
mine if DNA vaccines in neonates can be engineered to em-
phasize Th1 mediated immunity. We are currently attempting
to achieve this goal.

Our study is, as far as we know, the first to evaluate the im-
munogenicity of DNA vaccines in neonates that are passively
immune at the time of vaccination. This observation bodes
well for the use of DNA vaccines in the critical time during in-
fancy when animals respond poorly to vaccines because of ex-
isting immunity. The approach merits investigation against
measles, respiratory syncytial virus, and parainfluenza where
maternal antibody acts as a major obstacle by early vaccination
(3, 4, 29).
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