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BAD BUGS, BAD BUGS,
WHATCHA GONNA DO?
GBS. CMV. Innocuous acronyms? Hardly. These two infections prove that what you
don’t know can hur t. Group B streptococcal infection (G BS, sometimes called “group
B strep”) and cy tomegalovirus (C MV) are, respectively, the number one bacterial and
viral killers of newborns and also common causes of disease and disabilit y – includ-
ing deafness and hearing loss – yet they are relatively unknown compared to other
less deadly infections. What follows is our hear tfelt effor t at shedding some light on
these killers and disablers. We urge you to pass this impor tant information on to any -
one you know who is pregnant or planning a pregnancy . 

In loving memory of Hunter James Schillinger, January 4,2005

Prevention Effective Against Deadly Strep
BY JANINE CORY, M.P.H.

G
roup B streptococcal (GBS) is
one of the leading infectious
causes of death and disease in
newborns. GBS bacteria are
common in adults – nearly one
in four women in the United

States is a carrier, which merely means that
the bacteria may come and go within her
body without actively causing infection.
Most women will carry GBS at some point
in their lifetime.While carrying the bacteria
in the vagina and/or rectum is usually not
problematic for women,the bacteria can be
transmitted either shortly before or during
childbirth, causing severe disease in infants.
The majority of these infections in new-
borns occur within the first week of life, and
are known as “early-onset” GBS disease.
Infected newborns may become seriously ill
with sepsis (blood infection) or pneumonia,
or less often,the bacteria may cause menin-
gitis – which can lead to hearing loss and
deafness in surviving children.“Late-onset”

GBS disease occurs in infants one week to
several months after birth. Unfortunately,
about three babies out of every 10,000
may appear healthy at birth and develop
symptoms of late-onset GBS after the first
week of life. Meningitis,a common cause
of deafness and hearing loss,is more often
a result of late-onset GBS disease than
early-onset GBS disease.

An Historical Perspective
While the number of women who are
asymptomatic carriers of GBS seems
remarkably high,nearly 98 percent of the
infants born to mothers who carry GBS at
the time of labor will be without symp-
toms.Sadly, without intervention,one to
two percent of infants will develop early-
onset disease. During the 1970s,around
half of the infants who developed early-
onset GBS died of their illness.During
that time, it is estimated that 7,500 cases of
GBS disease in infants occurred each year.

Epidemiologic studies – broad-based
studies that look at disease patterns across
populations – were conducted in the
1980s,demonstrating that women who
were carriers of GBS during pregnancy
were 25 times more likely than women
who were not carriers to deliver infants
with early-onset GBS disease. Learning to
recognize the symptoms early and
improved treatment of newborns helped
bring down the fatality rate from 50 per-
cent to 15 percent but more significant
prevention efforts were still needed.
Clinical trials in the 1980s showed that
giving at-risk women antibiotics through
the vein during labor was highly effective
at preventing early-onset GBS infections
in their newborns.

In the 1990s,collaboration among
medical groups, researchers, professional
organizations and public advocacy groups
brought about clinical guidelines to help
prevent early-onset disease. At that point,
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two methods of identifying candidates for
receiving antibiotics during labor were
available  for doctors to choose from – a
“r isk-based approach” or a “culture-
based”screening method.The risk-based
approach helped identify women who
might be candidates for antibiotics during
labor based upon some factors known to
be associated with early-onset disease,
including delivery before term, fever dur-
ing labor or rupture of membranes (the
amniotic sac surrounding the fetus) more
than eighteen hours before the actual
delivery. The “culture-based”approach
relied on screening pregnant women to
look for the GBS bacteria late in preg-
nancy and administering antibiotics dur-
ing labor to carrier women.While the
screening method would, in theory, pre-
vent more cases,it wasn’t known at the
time if it was truly more effective because

of the real-life challenges of getting
screening results to the delivery ward on
time.

A New Generation of
Prevention
Fast-forward to 2001.A new millennium
provided new opportunities for preven-
tion. Both clinical and public health
experts had data collected from the 1990s
and it warranted a fresh review of preven-
tion strategies.Thanks to the 1996 guide-
lines,rates of newborn infection saw a
large decline;however, in the U.S. in
2001,there were still about 1,700 babies
less than one week old who suffered from
the serious and sometimes deadly early-
onset GBS disease.

In 2002,after a meeting of clinical and
public health experts, the Centers for
Disease Control and Prevention (CDC)

issued new guidelines for the prevention
of perinatal GBS disease. While there
were several aspects of earlier recommen-
dations which were updated (especially
addressing premature labor, penicillin
allergies and management of newborn
infants),the highlight was a new recom-
mendation for universal screening:cultur-
ing all pregnant women for GBS late in
pregnancy.

The new guidelines were endorsed by
the American Academy of Pediatrics and
are consistent with guidelines released in
2002 by the American College of
Obstetricians and Gynecologists,among
other groups,helping to ensure that this
strong message about screening every
pregnant woman gets to the physicians in
a position to do just that.In addition,a
clear and united message about screening
helps pregnant women partner with their

Congenital CMV and Hearing Loss
BY MICHAEL CANNON, PH.D.

F
our-year-old Jakob Boot loves to play ball with
his older brother, Niko. In fact,he likes doing
just about everything his brother does.Little
brothers often have a hard time keeping up but
Jakob faces challenges bigger than most.Jakob
was born with congenital cytomegalovirus

(CMV), an infection which caused him to become pro-
foundly hard of hearing in both ears.Unfortunately, Jakob’s
situation is not unusual.Though it garners little attention in
the lay and scientific press,congenital CMV is the most
common cause of sensorineural hearing loss in children in
the United States and is a leading cause of vision loss and
mental retardation.

Most CMV infections are asymptomatic or cause only
mild flu-like symptoms,but when a pregnant woman is
infected and passes the infection to her unborn baby,
there can be serious consequences.Each year in the
U.S., an estimated 40,000 babies are born with congen-
ital CMV infection,causing an estimated 400 deaths and
leaving approximately 8,000 children with permanent
disabilities,the most frequent of which is sensorineural
hearing loss.According
to some estimates,20 to
30 percent of all sen-
sorineural hearing loss
is caused by CMV. The
disabilities caused by

Congenital CMV caused
Jakob to be profoundly
hard of hearing in both
ears.
Photo courtesy of Shanna Boot
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doctors and be proactive in seeking pre-
ventive care.Because a woman may see one
provider for prenatal care then a different
clinician during the actual delivery, it is
important for women to know their own
status – and whether to expect antibiotics
during labor.

The screening test is not invasive – it is a
quick swab of the vagina and rectum dur-
ing the 35th to 37th weeks of pregnancy –
and it is covered by most insurance poli-
cies.While no screening test can prevent

every case of GBS disease, a universal
screening policy helps take the guesswork
out of what should be routine care for all
expectant mothers.

Unfortunately, trends in late-onset
disease have remained stable, suggesting
that antibiotics during labor are not effec-
tive at preventing
infections with
onset after the
first week of life,
when the risk of

meningitis and consequent hearing loss is
greater. Nelson’s Textbook of Pediatrics(17th
edition) reports that studies from the 1970s
and 1980s demonstrated that up to 30 per-
cent of infants surviving GBS meningitis
had major long-term neurological prob-
lems,including hearing loss.While the new
screening policy should help further
reduce the number of early-onset GBS
cases,research on a GBS vaccine is still
greatly needed to help prevent late-onset
cases and the severe consequences of this
terrible infection.With enhanced screening
practices and new research, there is hope
that future generations might never even
need to ask the question “What is group B
strep?”

The complete CDC recommendations
as well as free resources for patients,clini-
cians and laboratorians are available at the
CDC’s GBS Web site: www.cdc.gov/
groupbstrep. n

Janine Cory, M.P.H., received her master’s degree

in epidemiology from the Yale University School of

Public Health. She has worked in public health edu-

cation and health communications for over 13 years

and is currently working on a variety of infectious

disease issues, including GBS, at the Centers for

Disease Control and Prevention.

congenital CMV, particularly hearing
loss,often have a delayed onset and may
grow more severe with time. The direct
annual economic costs of caring for these
children are estimated at $1 billion to $2
billion, though no amount of money
compares to the suffering of the families
affected by the disease. More children are
adversely affected by congenital CMV
disease than by some childhood diseases
or syndromes which are widely known,
such as Down syndrome or fetal alcohol
syndrome.

Transmission and
Prevention
CMV is spread through close contact
with body fluids,especially urine and

saliva. Trans-
mission can
occur via con-
taminated hands
(which then
touch the mouth
or eyes),through
sexual contact,
breastfeeding,
blood transfu-
sions and organ transplantation.CMV is
not transmitted through the air. Young
children are more likely to be a source of
CMV than older children or adults.For a
pregnant woman,the most likely source
of infection is contact with the urine or
saliva of young children, especially her
own children.

Testing W omen for C MV
A CMV IgG antibody test reliably indi-
cates whether a woman has been exposed
to CMV but it does not indicate whether
she was infected prior to or during preg-
nancy. If a woman was infected prior to
pregnancy, she is much less likely to have

“Microbes like GBS and CMV can set up pro -
found obstacles to babies trying to get a strong
start in life. The successes of the past decade
with the prevention of many GBS infections
show that there is tremendous hope; however,
every loss reinforces the commitment of the
CDC to provide a healthy start for every infant at
every birth, free from the infections we are
working so hard to prevent.” 

Dr. Anne Schuchat is the acting director of the National Center for Infectious

Diseases, Centers for Disease Control and Prevention. Internationally recog-

nized for her groundbreaking studies on perinatal GBS, Dr. Schuchat has helped

lead, define and advocate for lifesaving GBS policy in the United States. 
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a baby with congenital CMV disease. If
she was infected during pregnancy, her
fetus has a one in three chance of becom-
ing infected,and if infected,a one in five
chance of suffering perma-
nent disabilities.Additional
laboratory tests,such as an
ultrasound or detection of
CMV in amniotic fluid,can
sometimes identify babies
who will have CMV-related
disabilities.Anti-CMV dr ug
treatments have question-
able efficacy and are too
toxic to be widely recom-
mended.For these reasons,
it is not clear whether CMV
testing during pregnancy is
warranted. On the other
hand,CMV testing prior to
pregnancy may prove to be
a useful prevention tool,
since a woman who has not
been exposed to CMV
prior to conception will
know that she should take
extra precautions to prevent
infection during her preg-
nancy.

Newborn Screening
Diagnosis of congenital CMV requires
detection of the virus or viral DNA in a
baby’s bodily fluids within two to three
weeks after birth.Diagnosis is often missed
because infected infants are usually asymp-
tomatic at birth or have non-specific

symptoms.As a result,CMV testing may
not be done.

Infants are not routinely screened for
CMV infection at birth. Universal screen-

ing would detect children at high risk for
delayed hearing loss.Despite testing nor-
mally at their newborn hearing screening,
CMV-infected children can go on to
develop hearing deficits over months and
even years. If they test CMV-positive at
birth, they should have regular hearing
examinations,which would help detect

hearing loss early and allow early interven-
tions to aid learning and language devel-
opment.

Perhaps no single cause of hearing loss
in the U.S. currently provides
greater opportunity for
improved outcomes in more
children than congenital
CMV. Future research should
focus on vaccine develop-
ment,effective hand-hygiene
interventions for preventing
CMV infection among preg-
nant women and the feasibil-
ity and cost-benefit of uni-
versal newborn screening.
Advances in these areas will
allow more children to grow
up without the struggles that
little Jakob faces.

For further information,
visit www.cdc.gov/cmv. n

ESTIMATES OF THE ANNUAL BURDEN OF PROM INENT CHILDHOOD DISEASES AND SYNDROM ES IN THE U.S. 
Hib – Invasive Haemophilus influenzae type b FAS – Fetal alcohol syndrome
CRS – Congenital rubella syndrome Source: Center s for Disease Control and Prevention

Michael Cannon, Ph.D., is an epidemiologist at

the Centers for Disease Control and Prevention.

He researches the epidemiology and prevention

of congenital CMV disease. An in-depth descrip-

tion of his work on improved hand hygienefor

the prevention of congenital CMV may be found

at www.biomedcentral.com/1471-2458/5/7 0.

PREGNANT WOMEN can take simple
precautions to reduce their risk of CMV
infection when interacting with young
children.

• Thoroughly wash hands with soap
and warm water after activities such
as:
- Diaper changes
- Feeding or bathing a child
- Wiping a child’s runny nose or

drool
- Handling children’s toys.

• Do not share cups, plates, utensils,
toothbrushes or food.

• Do not kiss on or near the mouth.
• Do not share towels or washcloths.
• Clean toys, countertops and other

surfaces that come in contact with
urine or saliva.
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In the early 1970s,when “early-onset”(age
under seven days old) and “late-onset”
(between seven and 89 days old) group B
streptococcal (GBS) meningitis in young
infants was first described,nearly a third of
the infants affected died and many more
were left deaf, blind and developmentally
disabled. Public health skeptics were slow
to accept how many infant infections were
occurring because GBS was not  a
reportable disease. Unfortunately, it still is
not.Also unrecognized were serious GBS
infections in pregnant women (in the
amniotic fluid,lining of the uterus,bladder,
etc.) making them ill just before, during
and after delivery, prolonging their hospi-
talization and,occasionally, resulting in
death.

During my training at Boston City

Hospital and Harvard Medical School,I
met another young researcher, Dr. Dennis
Kasper. We began a 30-year collaboration
to develop GBS vaccines.First,we discov-
ered that although 25 to 35 percent of
pregnant women silently carried GBS,
more than 90 percent lacked the protective
immunity in their blood to pass to their
newborns. Fairly quickly, we received
research funding from the National
Institutes of Health to isolate and purify
the outer polysaccharide surface (capsule)
of the most frequent type of GBS associat-
ed with meningitis to test as a vaccine.
While the vaccine was safe in adults,this
and subsequent different serotypes of cap-
sule vaccines did not reliably induce
immunity. Dr. Kasper, working with oth-
ers,then linked a protein (tetanus toxoid)

to different capsules to make GBS conju-
gate vaccines,like the ones we use in
infants to protect them against
Hemophilus influenzae type b (Hib) and
Streptococcus pneumoniae meningitis.
During the next 10 years,we tested GBS
conjugate vaccines.These conjugate vac-
cines were safe, induced protective immu-
nity in 90 to 95 percent of adults,produced
immunity in the blood that could promote
killing of GBS by human infection-fight-
ing cells in the test tube, and this specific
immunity could be transferred to new-
borns from vaccinated mothers.

Beginning in the late 1970s,Dr. Kasper
and I took time away from our clinical and
research duties to convince vaccine manu-
facturers to make GBS vaccines.At first
there was little interest because “only” 4
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GBS VACCINE: ABLE BUT NOT WILLING
BY CAROL J. BAKER, M.D.

Some people are born with hearing loss.
Others acquire it later in life. Bacterial
meningitis (infection of the protective cov-
ering of the brain and spinal cord) is the
most common cause of acquired hearing
loss worldwide; and permanent hearing
loss is the most common serious complica-
tion of bacterial meningitis.Nearly 10 per-
cent of survivors of bacterial meningitis
will have permanent hearing loss.Today,
some of the most common causes of
meningitis leading to permanent hearing
are cytomegalovirus,group B streptococcal
and Streptococcus pneumoniae or pneu-
mococcus.Pneumococcus is particularly
dangerous to hearing as it can release a
toxin that causes direct damage to the cells
of the inner ear. Meningococcal meningi-
tis, another common bacterial cause of
meningitis,can also result in hearing loss.

Hearing loss may occur as early as six
hours after the onset of meningitis.A num-
ber of factors may result in loss of hearing,
including:

• increased pressure resulting from brain

swelling
• release of inflammatory chemicals into

the fluid that bathes the brain
• direct spread of infection along the

auditory canal
• inflammation of the inner ear
• direct injury to inner ear cells.
Some research suggests that permanent

hearing loss may be reduced in patients
with bacterial meningitis who are treated
with corticosteroids as well as antibiotics.
Further studies may better define the use of
corticosteroids to improve outcomes in
survivors of bacterial meningitis,especially
in children. Other studies are looking at
the ability of newer therapies to reduce the
serious effects that result from bacterial
meningitis,including hearing loss.

Vaccines for two common childhood
infections – Haemophilus influenzae type
b (also called Hib) and Streptococcus
pneumoniae – have dramatically decreased
the number of cases of meningitis caused
by these bacteria. Over the next decade,
new vaccines against meningococcal

meningitis may similarly reduce the occur-
rence of this disease and its complications.

Eric J. Stern, M.D.,is an epidemic intelligence serv-

ice officer with the Centers for Disease Control and

Prevention’s Meningitis and Special Pathogens

Branch in Atlanta, Ga. Dr. Stern attended medical

school at Boston University and completed his pedi-

atrics residency at the University of California, San

Diego.

ONLINE
EXCLUSIVE!
Log on to 
www . drf.org
and follow the
Hearing Health
link to read the
inspiring story
of Katie Grimm,
meningitis
survivor .

Meningitis and Hearing Loss
BY ERIC J. STERN, M.D.

PHOTO BY SCOTT GRIMM
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million babies were born each year in the
United States,which was too small of a
profit potential.Then there was (and still is)
the fear that giving a pregnant woman a
vaccine, no matter how much she and her
infant might benefit,would invoke a law-
suit if anything was wrong with the baby.
This fear of litigation so intensified that
companies developing candidate GBS vac-
cines in the 1990s cancelled their programs.
Now the pharmaceutical industry’s posi-
tion is that the only way a GBS vaccine can
be developed is to have Congress pass a law
to protect the industry from expensive law-
suits.The situation in Europe is similar
though there are fewer GBS infections in
Western Europe than in the United States.

Pharmaceutical companies here and abroad
refuse to produce a GBS vaccine and they
naming potential litigation as the main
obstacle.

Three decades have witnessed some
progress nonetheless.GBS infection-associ-
ated mortality in newborns has fallen to
five percent.Today, among all GBS infec-
tions in infants,meningitis accounts for
approximately 45 percent rather than the
approximately 65 percent of the 1970s.
And most early-onset infections can be
prevented by culture screening during
pregnancy and antibiotic treatment during
labor. However, some prevention opportu-
nities are missed and there are still no pre-
vention methods for late-onset disease

where 35 percent of infants have meningi-
tis. A GBS vaccine could prevent a contin-
uing cause of death,deafness and develop-
mental disability in infants.We have the
knowledge;we even have the vaccine ready
to produce. What will it take to make it
available to the women who need it? When
will the uphill race be won? 

Carol J. Baker, M.D., is professor of pediatrics,

molecular virology and microbiology, the chair in

pediatric infectious diseases at the Texas Children’s

Hospital Foundation and head section of infectious

diseases in the Department of Pediatrics at Baylor

College of Medicine in Houston. She is author or co-

author of more than 260 original articles and 75

book chapters and an internationally respected

expert on GBS infections.  

Vaccines are widely recognized as the most
cost-effective healthcare approach to com-
bating infectious diseases.So why is there
no vaccine against one of the leading
infectious causes of birth defects in the
United States,cytomegalovirus (CMV)?
The development of effective vaccines for
CMV and many other diseases has been
challenging in large part because of some
inherent limitations of the major conven-
tional vaccine approaches.

Vaccines work by giving the immune
system a “sneak preview” of an infectious
organism to produce T-cells (think of them
as the “Green Berets”of the immune sys-
tem) and antibodies (the “cruise missiles”
of the immune system) against its specific
features.The three major conventional vac-
cine approaches are to use live but weak-
ened (live-attenuated) viruses or bacteria;
whole killed pathogens;or a piece of the
target pathogen (subunit vaccine).There
are pros and cons to each approach but
ultimately none seems to be enough to
combat CMV.

Although the subunit and the killed
vaccines are relatively safe, these approach-
es induce predominantly an antibody
“cruise missile”immune response, which
typically is not fully effective against a per-
sistent organism such as CMV which hides
within living cells.

Although the vaccines that use the live-
attenuated approach are very likely to suc-
cessfully produce the desired T-cell “Green
Berets,” which appear to be an important
component of a fully effective immune
response against CMV, these vaccines con-
tain live viruses that carry a risk of causing
the disease they are designed to prevent.In
addition, development of live-attenuated
vaccines requires significant time and
investment in research and manufacturing.
This information may seem discouraging
to many people but a novel approach to
vaccination provides renewed hope for an
effective CMV vaccine. Gene-based vac-
cines,either delivered by another virus or
in rings of DNA called plasmids,use por-
tions of the genetic code of the bacteria or
virus from which a disease originates to
cause the host to produce proteins of the
bacteria or virus that may induce an
immune response.

This method,particularly the plasmid-
DNA approach,potentially offers superior
safety, ease and reliability of manufactur-
ing,as well as convenient storage and han-
dling characteristics,compared with con-
ventional vaccines.DNA vaccines have the
potential to induce potent T-cell “Green
Beret” responses against target pathogens
and trigger production of antibodies.

Over the past decade,hundreds of scien-

tific publications have documented the
effectiveness of DNA vaccines in dozens of
species.The first regulatory approvals of
DNA vaccines occurred in July 2005,with
back-to-back approvals of vaccines against
West Nile virus in horses and against a
deadly virus (Haematopoietic Necrosis
virus) in farm-raised salmon.

Vical Incorporated,a San Diego-based
biotech company, launched a development
program for a DNA vaccine against CMV
in 2003 and already has advanced through
Phase One clinical testing.A Phase Two
trial is expected to begin in early 2006.
The initial focus is on transplant patients,
who are at high risk of CMV disease,
which should allow demonstration of
effectiveness in a small trial. Success with
people who have undergone an organ
transplant could then lead to the opportu-
nity to develop a CMV vaccine to protect
infants from CMV disease acquired before
birth.

Additional information on Vical is avail-
able at www.vical.com.

Alan R. Engbring is executive director of Investor

Relations at Vical Incorporated. He has more than 20

years of experience as a corporate communications

professional. Mr. Engbring received his B.A. in jour-

nalism from Marquette University and his M.B.A. from

Northern Illinois University.

A New Approach to Developing CMV Vaccines
BY ALAN ENGBRING
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