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A human cytomegalovirus (HCMV) glycoprotein
B (gpUL55) DNA vaccine has been evaluated
in BALB/c mice. Intramuscular immunization of
these mice with pRc/CMV2-gB resulted in the
generation of high levels of gpUL55-specific
antibody (geometric mean titer [GMT] 1:8900)
and neutralizing antibody (GMT 1:74) after 2
booster doses given 5 and 10 weeks after primary
inoculation. Emulsifying the construct with the
aluminum phosphate gel adjuvant Adju-Phos
before immunization enhanced gpUL55-specific
antibody responses (GMT 1:17800, P ¼ 0.04). Coimmunization with CpG oligodeoxynucleotides
was shown to enhance levels of neutralizing antibodies generated by immunization of mice with
a pRc/CMV2-gB/Adju-Phos emulsion (P ¼ 0.04).
The results provide a rationale for evaluating
combinations of other HCMV proteins for incorporation into a multi-target DNA vaccine, and for
the optimization of adjuvant usage, to elicit enhanced levels of neutralizing antibodies. J. Med.
Virol. 70:86–90, 2003. ß 2003 Wiley-Liss, Inc.
KEY WORDS: cytomegalovirus; DNA vaccine;
CpG ODN; adjuvant

INTRODUCTION
The b-herpesvirus, human cytomegalovirus (HCMV),
infects most individuals during their lifetime, yet
results in disease only in those whose immune system
is immature, impaired by immunosuppressive drugs or
the human immunodeficiency virus (HIV). The virus
infects 0.3–2.4% of neonates, making it the most important cause of intrauterine infection [Stagno, 1990].
Women who enter pregnancy seronegative for HCMV
have a 1% chance of developing primary HCMV infection
ß 2003 WILEY-LISS, INC.

while pregnant [Griffiths and Baboonian, 1984; Stagno
et al., 1986]. The development of a cytomegalovirus
(CMV) vaccine for the prevention of primary HCMV
infection is thus a major public health priority. A recent
report from the Institute of Medicine, Washington, D.C.,
strongly supports the development of a HCMV vaccine
based on the economic impact of the disease caused by
this virus [Stratton et al., 2001]. In a study reported
recently by our group, using a mathematical modeling
approach, we calculated that the critical vaccination
proportion required for eradication of HCMV in the
developed world lies between 59% and 62%. This finding
demonstrates that HCMV could be eradicated from the
population, given the current routine pediatric immunization rates (90%) by a vaccine with only 65–68%
efficacy at preventing primary infection [Griffiths et al.,
2001].
Of the large number of unique proteins encoded
within the HCMV genome [Chee et al., 1990; Prichard
et al., 2001], only a small proportion are thought to be
important targets of the protective immune responses
[Plotkin, 1999, 2001]. The neutralizing antibody response against HCMV is directed predominantly
against a single protein, glycoprotein B (gpUL55) [Utz
et al., 1989; Britt et al., 1990], while the tegument
protein pp65 (ppUL83) is a major target of the cellular
immune response [Riddell et al., 1991; McLaughlinTaylor et al., 1994; Wills et al., 1996]. These antigens
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have formed the basis of most experimental vaccine
candidates thus far, which encompass their use within
recombinant viral vectors [Berencsi et al., 1993, 2001],
recombinant protein vaccines [Pass et al., 1999], and
peptide vaccines [Diamond et al., 1997].
Over the last decade, DNA vaccines have been shown
to be effective inducers of cellular and humoral
responses against many viral antigens [Davis and
McCluskie, 1999; Robinson and Pertmer, 2000]. This
relatively new technology has been employed to produce candidate vaccines against CMV [Pande et al.,
1995; Gonzalez Armas et al., 1996; Endresz et al.,
1999, 2001; Hwang et al., 1999; Morello et al., 2000;
Schleiss et al., 2000; Temperton, 2002]. Many groups
have attempted to enhance the immune response to
DNA vaccines by the coadministration of various immunomodulators (cytokines, chemokines, costimulatory
molecules), the delivery of plasmids in liposomes, and
the use of experimental adjuvants [Gurunathan et al.,
2000]. However, these experimental adjuvants are currently unlicensed for use in humans. It has recently been
shown that negatively charged aluminum salts, which
are currently licensed for use in humans, can be employed to enhance substantially, antibody responses to
DNA vaccine-encoded genes [Ulmer et al., 1999]. CpG
motifs within plasmid backbones or oligodeoxynucleotides (ODNs) are potent immunostimulators of the
mammalian immune system [Krieg, 2000]. Synthetic
CpG ODNs with a nuclease-resistant phosphorothioate
backbone have been employed as adjuvants for successful enhancement of both humoral and cellular responses to protein antigens. These ODNs also have
adjuvant effects when coadministered with DNA vaccines [Klinman et al., 1997, 1999, 2000]. Since CpG
ODNs trigger B-cell proliferation and secretion of
immunoglobulin, they may be particularly useful to
enhance the anti-gpUL55 antibody responses [Krieg
et al., 1995].
In this study, we have evaluated the adjuvant effects
of aluminum phosphate and coadministered CpG ODN
on the generation of gpUL55-specific and neutralizing
antibody responses after inoculation of mice with an
HCMV gpUL55 DNA vaccine.
MATERIALS AND METHODS
Plasmid Construction
A complete gpUL55 DNA vaccine construct was
generated by polymerase chain reaction (PCR) amplification of the entire open reading frame (ORF) from
strain AD169 using BIO-X-ACTTM DNA polymerase
(Bioline, London, UK) with primers, incorporating
restriction enzyme sites to facilitate cloning (shown
underlined): gBA (50 -gAAgCTTCgACgCgCCTCATCgCTgCT-30 ) and gBB (50 -gTCTAgACCTCCTggTTCAgACgTTCT-30 ). The product was cloned into pGEM-T
(Promega, Southampton, UK); the resulting clones were
subjected to nucleotide sequence analysis in both directions to confirm that no point mutations had been introduced during the amplification process. The gpUL55
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gene was then subcloned into the high-level nonfusion
expression vector pRc/CMV2 (Invitrogen, Groningen,
the Netherlands). Recombinants were grown in Escherichia coli DH5a cells, which facilitate the production of
high-levels of supercoiled plasmid necessary for DNA
vaccination purposes, and high-quality plasmid DNA
was purified using Qiagen plasmid kits according to the
manufacturer’s instructions (Qiagen, Crawley, UK).
DNA Transfection
HeLa cells were transfected transiently with pRc/
CMV2-gB and the parental plasmid using the LipofectamineTM 2000 reagent (Invitrogen) according to the
manufacturer’s protocol. For immunofluorescence experiments, these cells were spotted onto wells in multispot microscope slides (Hendley, Essex, UK) and fixed in
100% acetone at 208C before binding with the 7.17
anti-gB monoclonal antibody (MAb) [Utz et al., 1989].
Adjuvants
Aluminum phosphate gel adjuvant (Adju-Phos,
Superfos Biosector A/S, Vedbaek Denmark) was mixed
with plasmid or plasmid/CpG ODN, for a final aluminum concentration of 450 mg/ml. CpG ODN 1668: 50 TCC-ATG-ACG-TTC-CTG-ATG-CT-30 was synthesized
with a nuclease-resistant phosphorothioate backbone
(Operon, Alameda, CA). In this study, 10 mg of this ODN
was combined with 50 mg pRc/CMV2-gB before being
emulsified in Adju-Phos.
Immunizations of Mice
Groups of five 5-week-old female BALB/c mice were
immunized intra-muscularly once with 50 mg pRc/CMV2
(parental plasmid for mock infection), 50 mg pRc/CMV2gB, 50 mg pRc/CMV2-gB emulsified with Adju-Phos or
50 mg pRc/CMV2-gB/CpG ODN 1668 emulsified with
Adju-Phos. Booster immunizations were given 5 and
10 weeks after initial inoculation with identical plasmid/
adjuvant formulations. Serum samples were obtained
before immunization, and at weeks 2, 6, and 11, and
were stored at 208C in 0.1-ml aliquots before use.
Determination of HCMV-gpUL55-Specific
Antibody Responses
Anti-gpUL55 antibody responses in BALB/c mice
immunized with pRc/CMV2 constructs were analyzed
by endpoint dilution immunofluorescence, using a recombinant baculovirus expressing HCMV gpUL55
[Wells et al., 1990] (a kind gift from W. Britt, University
of Alabama). Sf21 insect cells were infected with recombinant baculovirus at a multiplicity of infection
(MOI) of 10. After 48-hr incubation at 288C, 3  104 cells
in a 15-ml volume were spotted onto wells in multispot
microscope slides (Hendley, Essex, UK) and fixed in
100% acetone at 208C. Doubling dilutions of mouse
sera (1:40–1:40960) were prepared, and 15 ml of each
dilution was added to wells containing either infected
or uninfected control Sf21 cells. After incubation in a
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humidified chamber at 378C for 40 min, slides were
washed once for 5 min in 1% bovine serum albumin
(BSA) in phosphate-buffered saline (PBS), twice in PBS,
and air-dried; 15 ml of FITC-conjugated goat antimouse
immunoglobulins diluted 1:10 in PBS (DAKO, Glostrup
Denmark) was added to each well. The slides were
incubated in a humidified chamber at 378C for 40 min,
washed once for 5 min in 1% BSA in PBS, twice in PBS,
and air-dried. After mounting slides with Citifluor
(Citifluor Ltd, Leicester, UK), they were viewed under
fluorescence microscope and the last serum dilution at
which positive staining cells were visible was taken as
the antibody titer.
Determination of Neutralizing Antibody Titers
Human MRC5 fibroblasts (passages 20–30) were
seeded in 8 well chamber slides (2  104 cells/well)
24 hr before testing. In this study, 20 ml mouse serum
(dilutions 1:4–1:256 in minimal essential medium
[MEM] þ 10% fetal calf serum [FCS]) was mixed with
15 ml of a constant titer of AD169 virus stock (50
immediate-early antigen-producing units (IEU)/well)
and 5 ml guinea pig complement (Sigma). After 1-hr
incubation (378C, 5% CO2), the virus/serum mixture
was added to the cell monolayer and incubated for
1 hr. After aspiration and the addition of fresh MEM,
the slides were incubated at 378C for a further 18–24 hr.
After fixing with acetone the cells were incubated for
30 min with a MAb against the 72-kD IE protein, washed
3 times in PBS and then incubated for 30 min with
FITC-conjugated sheep antimouse IgG (Sigma) (diluted
1:100). After washing, the cells were air-dried, mounted
with Citifluor and positive nuclei scored by fluorescent
microscopy (full field at 20 magnification). The serum
dilution producing 50% inhibition of IEU input virus
infectivity, as compared with an untreated control, was
taken as the neutralizing titer.
Statistical Analysis
Comparisons between groups for statistical significance were performed with the Mann-Whitney test. All
P-values of <0.05 were regarded as significant.
RESULTS
Effect of Adju-Phos on Antibody Responses
to a gpUL55 DNA Vaccine
Serum antibody titers were measured at preinoculation and at weeks 2, 6, and 11 after first inoculation. Antibody to gpUL55 was not detected in any
pre-inoculation sera, 2-week sera, or sera from mice
immunized with the parental vector pRc/CMV2. Intramuscular immunization of BALB/c mice with pRc/
CMV2-gB (50 mg) resulted in the generation of gpUL55specific antibodies in 5/5 mice immunized. The administration of a second booster dose augmented significantly the anti-gpUL55 response (P ¼ 0.01) compared
with the first boost with 4/5 mice generating titers of
1:10240 (Fig. 1). The geometric mean antibody titer after

Fig. 1. Effect of the aluminium phosphate gel adjuvant, Adju-Phos,
on HCMV gB-specific antibody titres elicited by immunisation of
BALB/c mice with the pRc/CMV2-gB DNA vaccine (booster doses given
at weeks 5 and 10 postprime). The antibody titre, measured by endpoint
dilution immunofluorescence, was the last serum dilution at which
positive staining cells were visible. Geometric mean antibody titres
represented by histograms and arrow-ended lines cover the range of
titres generated in individual mice. Wk, week; A, Adju-Phos; GM,
geometric mean.

the second booster dose (1:8900) was almost 14-fold
greater than that obtained after the first boost. All four
BALB/c mice immunized with three doses of pRc/CMV2gB (initial prime þ 2 booster doses) developed antibodies
capable of neutralizing AD169. The geometric mean
neutralizing antibody titer was 1:74, with titers for
individual mice ranging from 1:32 to 1:256 (Fig. 2).
In an attempt to boost levels of gB antibodies induced by DNA immunization, pRc/CMV2-gB DNA was
emulsified with aluminum phosphate gel adjuvant
(Adju-Phos) before use. Two of the five mice given pRc/
CMV2-gB þ Adju-Phos developed gpUL55-specific antibodies at week 6 with a geometric mean titer of 1:5120,
which was greater than the geometric mean antibody
titer of 1:640 obtained in mice given DNA vaccine alone
(Fig. 1). By week 11, all five mice had developed
antibodies to gpUL55 with a geometric mean titer of
1:17800 (1:20480 in 4/5 mice) representing a 2-fold
increase in titer over those obtained with the gpUL55
DNA vaccine alone (P ¼ 0.04). In contrast, neutralizing
antibody titers measured at week 11 in mice given pRc/
CMV2-gB þ Adju-Phos were not significantly different
to those from mice given pRc/CMV2-gB alone (P ¼ 0.3;
Fig. 2).
Effect of CpG ODN on Antibody Responses
At week 11 after the initial inoculation (booster doses
given at weeks 5 and 10), mice immunized with a CpG
ODN/pRc/CMV2-gB/Adju-Phos emulsion developed
neutralizing antibody titers that were not significantly
different from those in mice immunized with pRc/
CMV2-gB alone (geometric mean titer 1:97 vs 1:74,
P ¼ 0.6; Fig. 2). Interestingly, neutralizing antibody
titers generated by CpG ODN/pRc/CMV2-gB/Adju-Phos
immunization were significantly higher than those
generated by pRc/CMV2-gB/Adju-Phos (1:97 vs 1:37,
P ¼ 0.04; Fig. 2). No increase in gB-specific antibody titer
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Fig. 2. Neutralising antibody (NA) titres developed at week 11 after
immunisation of BALB/c mice with 50 mg pRc/CMV2-gB þ 2 booster
doses given at weeks 5 and 10 after initial inoculation. NA titre is the
serum dilution producing 50% inhibition of virus infectivity compared
with controls. Horizontal lines represent geometric means; filled
circles represent NA titres developed in individual mice. gB, DNA
vaccine pRc/CMV2-gB; A, Adju-Phos aluminium phosphate gel adjuvant; C, CpG ODN.

was found using CpG ODN/pRc/CMV2-gB/Adju-Phos as
immunogen compared with pRc/CMV2-gB/Adju-Phos
(P ¼ 0.35) or pRc/CMV2-gB alone (P ¼ 0.21) (data not
shown).
DISCUSSION
We have developed a prototype HCMV DNA vaccine,
pRc/CMV2-gB, and evaluated its immunogenicity in a
BALB/c mouse system. In the absence of exogenous
adjuvants, the vaccine was shown to be highly immunogenic, generating strong anti-gpUL55 and neutralizing
antibody responses comparable to those obtained by
other groups for candidate HCMV vaccine constructs
evaluated in mice and humans [Endresz et al., 1999,
2001; Frey et al., 1999; Hwang et al., 1999; Gonczol and
Plotkin, 2001].
Consistent with previous studies evaluating the
immunogenicity of DNA vaccines delivered with conventional aluminum adjuvants, the formulation of our
vaccine with aluminum phosphate gel adjuvant (AdjuPhos) was found to enhance gpUL55-specific antibody
responses significantly, with antibody titers of 1:20480
elicited in 4/5 mice given three doses of the DNA vaccine.
This approach represents a procedurally simple method
of enhancing antibody responses to a DNA vaccineencoded antigen in a mouse model system. Interestingly,
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Ulmer et al. [1999] also showed that this adjuvant is
able to boost humoral immune responses to DNA
vaccines in non-human primates. In contrast, we found
no significant difference in neutralizing antibody titer
in mice immunized with a pRc/CMV2-gB/Adju-Phos
emulsion compared with groups immunized with pRc/
CMV2-gB alone, although further studies with more
mice are required to confirm this observation.
It is thought that emulsifying CpG ODN with vaccine
antigen maintains closeness and thus augments the
adjuventicity and immunostimulatory potential of the
CpG species [Klinman et al., 1999]. Mice immunized
with a CpG ODN/pRc/CMV2-gB/Adju-Phos emulsion
showed a significant increase in neutralizing antibody
titer compared with mice given pRc/CMV2-gB/AdjuPhos alone. In contrast, immunization of mice with pRc/
CMV2-gB þ CpG ODN emulsified with Adju-Phos did
not result in an enhancement of gpUL55-specific antibody responses compared with pRc/CMV2-gB þ AdjuPhos or pRc/CMV2-gB alone. Such a result may be
attributable to the fact that HCMV gpUL55 encoded by
the pRc/CMV2-gB plasmid is already highly immunogenic in BALB/c mice making the immunostimulatory
effects of CpG coadministration, at the concentrations
used, difficult to quantify in the numbers of mice used.
Weeratna et al. [1998] reported that co-immunization
of CpG ODNs synthesized with phosphorothioate backbones and DNA vaccines results in an ODN dosedependent reduction in gene expression from the
plasmid and postulate that this may be due to competitive interference at binding sites on the surface of
target cells. Our data do not appear to support these
observations, at least at the ODN concentrations used,
since mice immunized with pRc/CMV2-gB þ CpG ODN
emulsified with Adju-Phos developed gpUL55-specific
titers of 1:20480 at week 11 after initial inoculation.
In conclusion, we have shown that coadministration of
Adju-Phos and/or CpG ODN can enhance the humoral
immune responses engendered by an HCMV gpUL55based DNA vaccine. The results provide a rationale
for evaluating combinations of other HCMV proteins,
such as gH/gL [Spaete et al., 1993; Urban et al., 1996]
and gM/gN [Mach et al., 2000], in such a model system to
determine whether enhanced levels of neutralizing
antibodies can be achieved.
REFERENCES
Berencsi K, Rando RF, deTaisne C, Paoletti E, Plotkin SA, Gonczol E.
1993. Murine cytotoxic T cell response specific for human
cytomegalovirus glycoprotein B (gB) induced by adenovirus and
vaccinia virus recombinants expressing gB. J Gen Virol 74(Pt 11):
2507–2512.
Berencsi K, Gyulai Z, Gonczol E, Pincus S, Cox WI, Michelson S, Kari L,
Meric C, Cadoz M, Zahradnik J, Starr S, Plotkin S. 2001. A
canarypox vector-expressing cytomegalovirus (CMV) phosphoprotein 65 induces long-lasting cytotoxic T cell responses in human
CMV-seronegative subjects. J Infect Dis 183:1171–1179.
Britt WJ, Vugler L, Butfiloski EJ, Stephens EB. 1990. Cell surface
expression of human cytomegalovirus (HCMV) gp55–116 (gB): use
of HCMV-recombinant vaccinia virus-infected cells in analysis of
the human neutralizing antibody response. J Virol 64:1079–1085.
Chee MS, Bankier AT, Beck S, Bohni R, Brown CM, Cerny R, Horsnell
T, Hutchison CA III, Kouzarides T, Martignetti JA. 1990. Analysis

90
of the protein-coding content of the sequence of human cytomegalovirus strain AD169. Curr Top Microbiol Immunol 154:125–169.
Davis HL, McCluskie MJ. 1999. DNA vaccines for viral diseases.
Microbes Infect 1:7–21.
Diamond DJ, York J, Sun JY, Wright CL, Forman SJ. 1997.
Development of a candidate HLA A*0201 restricted peptide-based
vaccine against human cytomegalovirus infection. Blood 90:1751–
1767.
Endresz V, Kari L, Berencsi K, Kari C, Gyulai Z, Jeney C, Pincus S,
Rodeck U, Meric C, Plotkin SA, Gonczol E. 1999. Induction of
human cytomegalovirus (HCMV)-glycoprotein B (gB)-specific neutralizing antibody and phosphoprotein 65 (pp65)-specific cytotoxic
T lymphocyte responses by naked DNA immunization. Vaccine
17:50–58.
Endresz V, Burian K, Berencsi K, Gyulai Z, Kari L, Horton H, Virok D,
Meric C, Plotkin SA, Gonczol E. 2001. Optimization of DNA
immunization against human cytomegalovirus. Vaccine 19:3972–
3980.
Frey SE, Harrison C, Pass RF, Yang E, Boken D, Sekulovich RE,
Percell S, Izu AE, Hirabayashi S, Burke RL, Duliege AM. 1999.
Effects of antigen dose and immunization regimens on antibody
responses to a cytomegalovirus glycoprotein B subunit vaccine.
J Infect Dis 180:1700–1703.
Gonczol E, Plotkin S. 2001. Development of a cytomegalovirus vaccine:
lessons from recent clinical trials. Expert Opin Biol Ther 1:401–
412.
Gonzalez Armas JC, Morello CS, Cranmer LD, Spector DH. 1996. DNA
immunization confers protection against murine cytomegalovirus
infection. J Virol 70:7921–7928.
Griffiths PD, Baboonian C. 1984. A prospective study of primary
cytomegalovirus infection during pregnancy: final report. Br J
Obstet Gynaecol 91:307–315.
Griffiths PD, McLean A, Emery VC. 2001. Encouraging prospects for
immunisation against primary cytomegalovirus infection. Vaccine
19:1356–1362.
Gurunathan S, Klinman DM, Seder RA. 2000. DNA vaccines:
immunology, application, and optimization. Annu Rev Immunol
18:927–974.
Hwang ES, Kwon KB, Park JW, Kim DJ, Park CG, Cha CY. 1999.
Induction of neutralizing antibody against human cytomegalovirus
(HCMV) with DNA-mediated immunization of HCMV glycoprotein
B in mice. Microbiol Immunol 43:307–310.
Klinman DM, Yamshchikov G, Ishigatsubo Y. 1997. Contribution of
CpG motifs to the immunogenicity of DNA vaccines. J Immunol
158:3635–3639.
Klinman DM, Barnhart KM, Conover J. 1999. CpG motifs as immune
adjuvants. Vaccine 17:19–25.
Klinman DM, Ishii KJ, Verthelyi D. 2000. CpG DNA augments the
immunogenicity of plasmid DNA vaccines. Curr Top Microbiol
Immunol 247:131–142.
Krieg AM. 2000. The role of CpG motifs in innate immunity. Curr Opin
Immunol 12:35–43.
Krieg AM, Yi AK, Matson S, Waldschmidt TJ, Bishop GA, Teasdale R,
Koretzky GA, Klinman DM. 1995. CpG motifs in bacterial DNA
trigger direct B-cell activation. Nature 374:546–549.
Mach M, Kropff B, Dal Monte P, Britt W. 2000. Complex formation
by human cytomegalovirus glycoproteins M (gpUL100) and N
(gpUL73). J Virol 74:11881–11892.
McLaughlin-Taylor E, Pande H, Forman SJ, Tanamachi B, Li CR,
Zaia JA, Greenberg PD, Riddell SR. 1994. Identification of the major
late human cytomegalovirus matrix protein pp65 as a target
antigen for CD8þ virus-specific cytotoxic T lymphocytes. J Med
Virol 43:103–110.
Morello CS, Cranmer LD, Spector DH. 2000. Suppression of murine
cytomegalovirus (MCMV) replication with a DNA vaccine encoding
MCMV M84 (a homolog of human cytomegalovirus pp65). J Virol
74:3696–3708.

Temperton et al.
Pande H, Campo K, Tanamachi B, Forman SJ, Zaia JA. 1995. Direct
DNA immunization of mice with plasmid DNA encoding the
tegument protein pp65 (ppUL83) of human cytomegalovirus
induces high levels of circulating antibody to the encoded protein.
Scand J Infect Dis 99(suppl):117–120.
Pass RF, Duliege AM, Boppana S, Sekulovich R, Percell S, Britt W,
Burke RL. 1999. A subunit cytomegalovirus vaccine based on
recombinant envelope glycoprotein B and a new adjuvant. J Infect
Dis 180:970–975.
Plotkin SA. 1999. Vaccination against cytomegalovirus, the changeling
demon. Pediatr Infect Dis J 18:313–325.
Plotkin SA. 2001. Vaccination against cytomegalovirus. Arch Virol
Suppl 17:121–134.
Prichard MN, Penfold ME, Duke GM, Spaete RR, Kemble GW. 2001.
A review of genetic differences between limited and extensively
passaged human cytomegalovirus strains. Rev Med Virol 11:191–
200.
Riddell SR, Rabin M, Geballe AP, Britt WJ, Greenberg PD. 1991.
Class I MHC-restricted cytotoxic T lymphocyte recognition of
cells infected with human cytomegalovirus does not require endogenous viral gene expression. J Immunol 146:2795–2804.
Robinson HL, Pertmer TM. 2000. DNA vaccines for viral infections:
basic studies and applications. Adv Virus Res 55:1–74.
Schleiss MR, Bourne N, Jensen NJ, Bravo F, Bernstein DI. 2000.
Immunogenicity evaluation of DNA vaccines that target guinea pig
cytomegalovirus proteins glycoprotein B and UL83. Viral Immunol
13:155–167.
Spaete RR, Perot K, Scott PI, Nelson JA, Stinski MF, Pachl C.
1993. Coexpression of truncated human cytomegalovirus gH with
the UL115 gene product or the truncated human fibroblast growth
factor receptor results in transport of gH to the cell surface. Virology
193:853–861.
Stagno S. 1990. Cytomegalovirus. In: Remington JS, Klein JO, editors.
Infectious diseases of the fetus and newborn infant. Philadelphia:
WB Saunders. p 240–281.
Stagno S, Pass RF, Cloud G, Britt WJ, Henderson RE, Walton PD,
Veren DA, Page F, Alford CA. 1986. Primary cytomegalovirus
infection in pregnancy. Incidence, transmission to fetus, and
clinical outcome. JAMA 256:1904–1908.
Stratton KR, Durch JS, Lawrence RS, editors. 2001. Vaccines for the
21st century: a tool for decisionmaking. Washington DC: National
Academy Press.
Temperton NJ. 2002. DNA vaccines against cytomegalovirus: current
progress. Int J Antimicrobial Agents 19:169–172.
Ulmer JB, DeWitt CM, Chastain M, Friedman A, Donnelly JJ,
McClements WL, Caulfield MJ, Bohannon KE, Volkin DB, Evans
RK. 1999. Enhancement of DNA vaccine potency using conventional aluminum adjuvants. Vaccine 18:18–28.
Urban M, Klein M, Britt WJ, Hassfurther E, Mach M. 1996.
Glycoprotein H of human cytomegalovirus is a major antigen for
the neutralizing humoral immune response. J Gen Virol 77:1537–
1547.
Utz U, Britt W, Vugler L, Mach M. 1989. Identification of a neutralizing
epitope on glycoprotein gp58 of human cytomegalovirus. J Virol
63:1995–2001.
Weeratna R, Brazolot Millan CL, Krieg AM, Davis HL. 1998. Reduction
of antigen expression from DNA vaccines by coadministered
oligodeoxynucleotides. Antisense Nucleic Acid Drug Dev 8:351–
356.
Wells DE, Vugler LG, Britt WJ. 1990. Structural and immunological
characterization of human cytomegalovirus gp55–116 (gB)
expressed in insect cells. J Gen Virol 71(Pt 4):873–880.
Wills MR, Carmichael AJ, Mynard K, Jin X, Weekes MP, Plachter B,
Sissons JG. 1996. The human cytotoxic T-lymphocyte (CTL)
response to cytomegalovirus is dominated by structural protein
pp65: frequency, specificity, and T-cell receptor usage of pp65specific CTL. J Virol 70:7569–7579.

