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Infectious diseases in preconceptional care

Dean V. Coonrod

Consensus is developing that acting prior to
pregnancy for a number of disease states could
improve reproductive outcomes; infectious
diseases are no exception. The means by which
infections have an impact on reproductive out-
comes are almost as varied as the diseases
themselves. For example, infections in the pre-
conceptional period can affect both male and
female fertility factors, leading to decreased
fecundity or actual infertility. They can also
affect early pregnancy in an ‘all or nothing’
fashion if they cause spontaneous abortion.
Congenital infection of varying degrees of
severity also can occur, in many cases with
minimal maternal illness. Infections can affect
the mother, leading to either maternal or
obstetric complications with eventual preterm
delivery or maternal death followed by death
of the fetus.

Infections may be acquired either prior to
or during pregnancy; both can affect neona-
tal outcomes. An additional possibility is that
the fetus may be free of disease owing to the
barrier imposed by the placenta, but acquire
infection at birth through vertical transmis-
sion. Infections can affect the vulnerable infant
especially in the early neonatal period due to
an immature immune system. Preconceptional
interventions to reduce the impact of infec-
tions include preventing infection through
immunization, safer sex initiatives and needle
exchange programs; reducing the quantity and
location of an infectious agent, such as pre-
vention of diarrheal disease through improved
sanitation; and, finally, reducing the effects of

an infection on the host, especially in chronic
infections and/or repeated episodes of acute
infections leading to immunocompromise in
the host.

Considering that any infection is the result
of interactions between the host, the agent
and the environment, preconceptional inter-
ventions can occur in any of these areas to
reduce the impact of an infectious disease on
reproductive outcomes. Initiatives such as
changing the environment through interven-
tions aimed at reducing poverty or promotion
of breastfeeding can have a positive impact
on infectious disease outcomes. Finally, infec-
tious diseases are diverse in their impacts
and in the manner in which interventions can
occur, all types of infectious agents with pre-
conceptional implications have been identified
including viruses, bacteria and parasites; how-
ever, prion-caused infectious diseases have yet
to be investigated fully.

METHODS

Burden of disease was used to prioritize those
diseases selected for review. Diseases were
divided into those affecting women of repro-
ductive age, pregnant women and infants.
For women of reproductive age, infectious
conditions including HIV/AIDS, tuberculosis
and maternal sepsis are significant contribu-
tors'. In Africa, in particular, HIV/AIDS, TB
and malaria along with ‘other infectious and
parasitic diseases’ make up about one-third
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of the disease burden!. Meanwhile, for child-
hood deaths, those occurring in the neonatal
period (days 0-28 of life) comprise 37% of
all deaths for children aged 0-5 years; 25% of
these neonatal deaths are a result of neonatal
infections, 3.4% neonatal tetanus and 2.6%
diarrheal disease. Other causes of neonatal
deaths are those due to prematurity and low
birth weight (31%) and congenital anomalies
(6.7%) which can have an infectious etiology
component!. Finally, many of the remaining
deaths before age 5 (postneonatal) are com-
municable including acute respiratory infec-
tion (17%), diarrheal disease (16%), malaria
(7%), measles (4%), HIV/AIDS (2%) and
other infections and parasitic diseases (9%).
Together, these infectious diseases account for
about 55% of deaths in 0-5 year olds'. Under
these circumstances, the prime focus of this
chapter includes HIV/AIDS (see also Chap-
ter 15), tuberculosis (see also Chapter 14),
malaria, neonatal acute respiratory infection,
neonatal diarrheal disease, measles, neonatal
tetanus, neonatal infections (sepsis and men-
ingitis), infection-related preterm birth, low
birth weight and congenital anomalies/infec-
tions. Finally, Chlamydia, gonorrhea and hepa-
titis (B and C) receive specific attention in the
category of ‘other infectious disease’. Each is
considered separately.

HIV/AIDS

HIV/AIDS is the leading cause of infectious
complications and deaths worldwide. In 2008,
33.4 million people were living with HIV,
including 2.1 million children (most secondary
to maternal—child transmission), with 480,000
incident cases in children. Also in 2008, there
were 2 million deaths, with 280,000 deaths
occurring in children®. HIV/AIDS is a sig-
nificant causal factor in maternal and infant
deaths?3. In well resourced countries, however,
neither consequence needs to be frequent?, as
effective antiretroviral treatment is available

for some women and for all during pregnancy?®.
There are specific recommendations to screen
preconceptionally those with risk factors and,
in countries where many incident cases have
no risk factors, to offer screening to those with
no risk factors®’.

Screening may be initiated voluntarily or
via provider initiated testing with an opt-out
approach being recommended (a patient be
must given the opportunity to specifically request
that an HIV test is not performed)”s. Knowing
a potential mother’s HIV status in the pre-
conceptional period is important since treat-
ment ideally should begin early in pregnancy.
(Current WHO recommendations are to begin
antiretroviral therapy at around 14 weeks (in
the second trimester), as transplacental trans-
mission to the fetus can occur this early (rec-
ommended for women who are HIV positive
and early in the disease process — normal CD4
count and no HIV associated illness)®.) Fur-
thermore, for women who are symptomatic or
with low CD4 counts, antiretroviral therapy is
recommended throughout pregnancy®.

Other components of preconceptional care
include primary prevention of the disease,
such as public health campaigns to decrease
transmission including condom use, male
circumcision, needle exchange programs or
any combination of these initiatives®!°. For
couples where one partner is HIV positive, a
reproductive life plan should be developed!!.
One recommended question for this is, “‘What
are your thoughts about having children now
that you are HIV-infected?’!! Information pro-
vided to the patient and her partner (if avail-
able) should include the fact that pregnancy
does not alter the course of HIV infection for
an infected woman and the distinct and clear
risk of maternal-child transmission; infor-
mation on the availability of antiretroviral
therapy during pregnancy and at the time of
delivery; and the possible recommendation for
cesarean delivery to prevent transmission'!.
For couples wishing to defer childbearing,
appropriate contraception must be offered.
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Barrier contraception should be recommended
for all couples — even those in which both are
HIV infected, as transmission of different HIV
types/subtypes is possible!!. An antiretroviral
containing microbiocide vaginal gel may pre-
vent the primary acquisition of HIV, a recent
advance which should be of benefit for discor-
dant couples!>13.

For those wishing to pursue pregnancy, on
the other hand, prevention of transmission
at conception through sperm washing (male
infected and female uninfected) or donor
insemination (male uninfected and female
infected) is recommended!*. Timing of concep-
tion is best done in the setting of a maximally
suppressed!® or undetectable!! viral load. Med-
ications taken by HIV infected women con-
sidering pregnancy should be reviewed and
altered as required!!. For example, efavirenz is
contraindicated in the first trimester owing to
the risk of neural tube defects'*'>.

Other issues to be discussed include the
importance of prenatal care, that pregnancy
does not appear to alter the course of the HIV
disease'!, and the increased risk of maternal
death (much of the maternal mortality due to
HIV/AIDS is considered to be as a result of
obstetric causes!®!?). Of interest, fertility may
be impaired in HIV infected women, due to
tubal factor'*!, such that advanced reproduc-
tive therapy may be needed, and is available
in certain settings'®. Other recommendations
for preconceptional care include being in good
health, folic acid supplementation as recom-
mended in other sections of this text as well
as other general considerations for preconcep-
tional health; this dictum is applicable to all
conditions considered in this chapter?®.

TUBERCULOSIS

A total of 700,000 women die each year globally
as a result of tuberculosis (TB)'°. In areas with
a high prevalence of TB, women of reproduc-
tive age bear the highest burden of suffering®.
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If the woman does not have TB induced infer-
tility and if she is able to become pregnant, the
consequences of TB in pregnancy include fetal
death, low birth weight, growth restriction,
premature birth and, rarely, congenital tuber-
culosis!®?. These outcomes are more likely in
women co-infected with HIV'.

The current worldwide strategy for TB pre-
vention aims to detect TB and provide treat-
ment using DOTS (directly observed therapy,
short course)?!. Other important components
of the ‘DOTS’ strategy include political/com-
munity commitment to addressing TB; qual-
ity diagnostic procedures (positive sputum
smears being the most broadly applied diag-
nostic technique, with other forms also being
detected, i.e. extrapulmonary, smear negative
and resistant TB); widespread availability of
medications; and assessment of program out-
comes?!. In some developed countries, strate-
gies include the detection of TB in the latent
form to prevent progression to active TBZ.
Finally, the Bacille Calmette-Guérin (BCG)
vaccine is also available and used, in many
countries with a high burden of TB, soon after
birth to prevent early childhood TB; this is
most effective in infants who are HIV nega-
tive?’. That HIV positive infants receiving the
BCG vaccine can develop disseminated BCG
has led to recommendations that the vaccine
be avoided in HIV positive children?!. This
poses a challenge in areas with high rates of
HIV and poor availability of the special diag-
nostic tests needed to diagnose HIV in new-
borns**?*. The vaccine is not effective for the
prevention of adult pulmonary disease** and is
also contraindicated in pregnancy®. Currently,
WHO recommends the vaccine for adults
exposed to multidrug resistant TB%.

Diagnosis and treatment of TB prior to preg-
nancy would have the advantage of potentially
avoiding risks of treatment with drugs which
could be harmful to the fetus such as strep-
tomycin, fluoroquinolones, or those with few
safety data in pregnancy such as pyrazinamide,
although most first-line drugs are considered
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safe in pregnancy®. Finally, if latent tuberculo-
sis infection (LTBI) is to be the target of treat-
ment, as treatment is often withheld during
pregnancy based on reasonable concerns of a
higher risk of isoniazid induced hepatotoxic-
ity, it may be reasonable to treat in the precon-
ceptional period®.

MALARIA

Malaria is very common globally, with about
50 million pregnancies occurring annually in
malaria endemic areas®. Malaria is a mos-
quito-borne infectious disease caused by a
eukaryotic protist of the genus Plasmodium.
Five species of the Plasmodium parasite infect
humans; the most serious forms of the disease
are caused by Plasmodium falciparum. Malaria
caused by Plasmodium vivax, Plasmodium ovale
and Plasmodium malariae results in milder dis-
ease in humans and are not generally fatal.

Malaria is naturally transmitted by the bite
of a female Anopheles mosquito. When a mos-
quito bites an infected person, a small amount
of blood is taken, which contains malaria para-
sites. These develop within the mosquito, and
about 1 week later, when the mosquito takes
its next blood meal, the parasites are injected
with the mosquito’s saliva into the person
being bitten. After a period of between 2
weeks and several months (occasionally years)
spent in the liver, the malaria parasites start
to multiply within red blood cells, causing
symptoms that include fever and headache.
In severe cases the disease worsens leading to
hallucinations, coma and death.

Direct complications of malarial infection in
pregnancy include miscarriage, growth restric-
tion, low birth weight, premature delivery and
maternal anemia?’. Malarial deaths (2.7 mil-
lion per year) are concentrated in sub-Saharan
Africa where children under 5 account for
75% of global deaths?”. Pregnancy poses some
increased risk of infection, as there is some
evidence of pregnancy representing increased

attractiveness to the mosquito carrier?®, as
well as the pregnant woman being infected by
the parasite?’.

Women at highest risk of infection are those
with a first pregnancy, in the second trimes-
ter, HIV infected or those with no immunity to
the infection?’. While many pregnant women
are asymptomatic, there is also a higher risk in
pregnancy of anemia, cerebral edema, pulmo-
nary edema and hypoglycemia®. Congenital
malaria is defined as infection of the fetus or
newborn. Risks of congenital malaria depend
on the immune status of the mother - risk is
highest in those with low levels of immunity?’.
Immunity waxes and wanes in pregnancy
depending on antibody levels which may in
turn be mediated by continued exposure to the
parasite (for example, women from endemic
areas moving to non-endemic areas may be
at higher risk due to reduced exposure to the
parasite)?’.

Acquisition by the fetus occurs through
transplacental spread in most cases, although
up to 40-50% of newborn cases involve either
a different genotype or no evidence of placen-
tal infection in some studies®’. Plasmodium fal-
ciparum is the protozoa which poses the great-
est risk for the mother and fetus, and is the
only species involved in placental infection?.
Chloroquine administered on a weekly basis
has been used as a preventive mechanism
(with evidence that it prevents anemia and
low birth weight) and is especially effective
if given early in pregnancy (first and second
trimester)?’. However, resistance and compli-
ance with the regimen are problematic, and its
use is limited?’. Intermittent preventive treat-
ment in pregnancy (IPTp) has been recom-
mended more recently for areas of high trans-
mission — two courses of treatment 1 month
apart in the second trimester with sulfadox-
ine-pyrimethamine®’, with evidence that this
treatment improves hemoglobin levels and
birth weight?”. Insecticide-treated bed nets are
another preventive strategy along with recom-
mendations for IPTp*°.
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Finally, effective case management is rec-
ommended in areas of low and high trans-
mission®. In women with co-existing HIV
infection, the risks of malaria infection for the
mother and fetus are more severe in part prob-
ably as a result of immune dysfunction**.
More frequent IPTp may be recommended in
these women as well as preventive measures
to avoid exposure to the mosquito”. Trime-
thoprim-sulfa (cotrimoxazole), which is used
for prevention/treatment of opportunistic
infections in HIV, is efficacious against malaria
and there is some evidence that the protease
inhibitors may also inhibit malaria parasites®’.

For pregnant travelers who are non-immune
(or usually reside in non-endemic areas), travel
to endemic areas should be avoided. If travel is
necessary, prevention strategies (bed nets and
N,N-diethyl-meta-toluamide (DEET) contain-
ing insecticides which are safe in pregnancy)
and chemoprophylaxis are recommended. In
these circumstances, chloroquine only should
be administered in areas were resistance is not
documented or combination treatment with
various regimens depending on resistance and
the presence/absence of P. falciparum in the
area (see the CDC'’s ‘Yellow Book’ for the most
current recommendations http://wwwnc.cdc.
gov/travel/content/yellowbook/home-2010.
aspx)3L.

Prophylaxis with IPTp prevents complica-
tions in pregnancy; however, this has not
been recommended in the first trimester, and
there are no recommendations for prophylaxis
in the preconceptional period other than for
those traveling from non-endemic to endemic
areas®.

ACUTE RESPIRATORY INFECTIONS

Acute respiratory conditions including pneu-
monia and pertussis, led to an estimated 1.8
million deaths of children 0-5 years old in
2008%*. Pneumonia is the leading cause of death
from acute respiratory conditions, accounting
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for 1.5 million of the 1.8 million fatalities
(with 386,000 occurring in neonates)*:. Most
recommendations to deal with this disease tar-
get children directly, and include early recog-
nition and treatment, promotion of exclusive
breastfeeding (itself an interconception inter-
vention*) and vaccination against pneumo-
coccal pneumonia, measles, Haemophilus influ-
enza type b (Hib) and pertussis®%. Vaccinations
are promoted since pneumonia can be caused
either directly by the organism targeted by the
vaccine (the pneumococcal or Hib vaccines)
or by a complication of vaccine preventable
conditions such pertussis, measles (the latter
is considered in a separate section) and influ-
enza (although this particular vaccine is not
a recommendation of the UNICEF strategy
for pneumonia). Accordingly, vaccination of
women for these conditions in the preconcep-
tional period might prevent some of the deaths
arising from the conditions through passive
immunization or decreasing household trans-
mission, especially to neonates.

In one study, administration of pneumococ-
cal vaccine in pregnancy increased maternal,
breast milk and infant antibody levels**. How-
ever, another study demonstrated only modest
increases in antibody levels in mothers when
the vaccine was administered in the precon-
ceptional period and no significant increases
in neonatal antibody levels®. This same study
did provide data, however, to suggest that the
Haemophilus influenza type b vaccine, when
administered to women before pregnancy, led
to protective antibody levels at birth, and in
the immediate postnatal period to higher anti-
body levels in the neonate®*®. Unfortunately,
these studies®**¢ are limited in that they did
not examine whether vaccination in pregnancy
or in the preconceptional period prevented
subsequent disease in infants.

Pertussis is a condition which leads to
chronic cough. Between 300,000 and 600,000
cases are estimated to occur in the US each
year (in adults); worldwide in 2003 there were
17.6 million recorded cases®”*%. As the number
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of recorded cases invariably underestimates
the total number because of underreporting,
it is likely that the prevalence of this condi-
tion is even higher than the numbers provided
suggest. More than 90% of the annually esti-
mated 279,000 deaths occur in developing
countries®®. Because infants under 12 months
are especially susceptible, a strategy of early
immunization and passive immunization of
the newborn has been proposed®. Currently
CDC recommends giving the vaccine to the
mother in the immediate postpartum period
to avoid early onset disease in the newborn*.
As the vaccine is not a live vaccine, it can be
administered during pregnancy; this prac-
tice is often avoided because of limited safety
data. A strategy of giving the vaccine during
the preconceptional period has the advantage
of avoiding these concerns and ensuring that
the mother has fully developed an immune
response before delivery*!.

Influenza is estimated to cause 250,000-
500,000 deaths a year worldwide in its sea-
sonal form*2. In the US, a pandemic form HIN1
virus was estimated to have affected 61 million
individuals and caused 12,000 deaths between
April 2009 and April 2010%. HIN1 was in a
pandemic form during its worldwide circula-
tion in 2009 and 2010; it was recently declared
to be postpandemic by WHO, although is it
predicted to remain in circulation as one of
the seasonal forms of the virus*. Vaccination
against the influenza virus, including HINT1,
is an effective prevention strategy; however,
revaccination is required on an annual basis
due to changes in the virus each year*. In the
US, annual flu vaccination is recommended
for all individuals over 6 months of age*. The
inactivated form (not the live virus form) is
recommended for women during pregnancy as
it is documented to be safe**. Vaccination prior
to pregnancy with either form of the vaccine is
recommended for women who may be preg-
nant during the flu season*. These recommen-
dations are put forward to prevent maternal

complications during pregnancy and newborn
illness, both of which can be severe®.
Diphtheria is another preventable (by vacci-
nation) acute respiratory infection?. It is dis-
tinct from other respiratory conditions in that
its classic manifestations occur in the upper
airway (pharynx, nasal mucosa and palate) in
the formation of a gray membrane?®, a rare but
potentially fatal circumstance in which death
occurs via airway obstruction*. Routine vac-
cination in childhood prevents this condition;
however, it is unknown whether vaccination
of women of childbearing age would result in
lower rates of neonatal disease before routine
vaccination of children can be accomplished.
Diphtheria is part of the Tdap vaccine recom-
mended for adults as a preconceptional strat-
egy to prevent pertussis in the US, and is part
of the Td vaccine recommended as a booster
dose in adults to maintain lifelong immunity?’.

DIARRHEAL DISEASE

It is estimated that 1.5 million deaths occur in
children from some form of diarrhea each year;
many of these are concentrated in South Asia
and Africa*. Of the many recommended pre-
vention strategies, one intervention, that is,
face-to-face counseling to promote exclusive
breastfeeding, is part of the worldwide strat-
egy to prevent the disease®. Breastfeeding is
particularly recommended because it is associ-
ated with a 6-fold decreased risk of death from
diarrheal disease in the first months of life®.
Also included in the global strategy are the
promotion of the administration of measles
(see section below) and rotavirus vaccines in
children. Because the rotavirus vaccine cur-
rently has a maximum age limit for adminis-
tration of 32 months, its use as a provider of
passive immunity in mothers preconception-
ally has not been tested. Although not part of
the global diarrheal disease strategy, a cholera
vaccine exists for endemic areas, and pregnant
women have been prioritized for vaccination®’.
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Childhood undernutrition is another con-
tributor to mortality in diarrheal disease, as
there is growing evidence that at least some
underweight may have its origin in preterm
birth and growth restriction (see below).
Under these circumstances, preconceptional
interventions may assist indirectly in prevent-
ing diarrheal disease®. Interestingly, diarrhea
in women of childbearing age has been shown
in one study to be a risk factor for neural tube
defects, most likely due to decreased absorp-
tion of folic acid®. Here also, prevention
efforts that secondarily benefit adults may
have preconceptional health benefits.

MEASLES

Measles is a common disease worldwide and
is most easily recognized by a maculopapular
rash preceded by a high fever, coryza, cough
and conjunctivitis®®. Complications include
pneumonia and diarrhea, both of which are
implicated in mortality associated with this
condition. Those most vulnerable live in
developing countries and are young children
with undernutrition, vitamin A deficiency and
immune dysfunction such as HIV®2. Other
complications include otitis media and post-
measles encephalitis®>. Onset in pregnancy has
been associated with miscarriage, low birth
weight and preterm birth®2.

Measles containing vaccines (MCVs) most
commonly used are either MMR (mumps,
measles, rubella) or MMRV (mumps, measles,
rubella, varicella); all are live virus vaccines
which should be avoided in pregnancy®. Use
of these combined vaccines is recommended
in countries which can achieve high levels
(>80%) of population vaccine coverage®’.
Measles containing vaccines are part of child-
hood recommended vaccine programs, and
long-term immunity has been demonstrated®.
Adults traveling to areas with a measles out-
break and health care workers have been
prioritized to obtain booster doses®. The
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contribution of a similar program for women
preconceptionally has not been assessed as a
strategy to prevent pregnancy complications
or for protection of the newborn (although
the latter is possible given that IgG antibody,
which crosses the placenta, is produced as a
result of vaccination; however, in titers that
are lower than natural infection®). It should be
noted, however, that adults who cannot dem-
onstrate evidence of previous vaccination are
recommended to receive a two dose series®2.

TETANUS

Tetanus is an infection of wounds caused by
the inoculation with Clostridium tetani spores
which are ubiquitous in the soil**. When such
wounds are oxygen poor, this leads to the pro-
duction of a neurotoxin and tetanus symp-
toms: lockjaw (trismus) and muscle rigidity,
including rigidity of the musculature required
for respiratory function®®. Neonatal tetanus is
caused by acquisition of the spores through
the umbilical stump; when disease develops,
the fatality rate is very high®>%. Such cases are
associated with insufficient or total absence
of cleanliness at delivery and are more likely
to occur in areas with low coverage of tetanus
toxoid®>%.

The 59,000 infants estimated to have died
worldwide of neonatal tetanus in the last
reported year represent a substantial reduc-
tion (92%) from the late 1980s°¢. Major con-
tributors to this decline have been efforts to
improve the cleanliness of instruments to cut
the umbilical cord at birth and improved teta-
nus toxoid coverage®’. A recent meta-analysis
estimated that a strategy of two injections of
tetanus toxoid in reproductive age women,
including pregnant women, would reduce neo-
natal tetanus mortality by 94%?3. Protection
from tetanus is best achieved through immu-
nization in childhood followed by periodic
booster dosing in adolescence and adulthood*’.
Areas with high rates of maternal/neonatal
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tetanus are recommended to undertake special
efforts to ensure coverage of women of child-
bearing age and who are pregnant®’.

NEONATAL INFECTIONS

Neonatal infections, aside from those men-
tioned above, include neonatal sepsis and neo-
natal meningitis. Many of the efforts aimed at
reducing the neonatal sepsis disease burden
are postnatal interventions and early detection
and treatment®. In certain settings, this incor-
porates home-based treatment®. No specific
preconceptional interventions for this condi-
tion are available, but some diseases causing
sepsis might benefit from preconceptional
healthcare.

One cause of neonatal sepsis, group B strep-
tococcus infection, is best prevented with spe-
cific treatment in pregnancy and not in the
preconceptional period®. Higher risk of mortal-
ity and morbidity from sepsis is present when
births are preterm, following preterm rupture
of membranes, maternal chorioamnionitis and
low birth weight®. Preconceptional interven-
tions which prevent these conditions would
therefore have indirect effects to prevent neo-
natal sepsis.

Most cases of neonatal meningitis are caused
by similar organisms to those that cause neo-
natal sepsis; these include Gram negative bac-
teria such as Escherichia coli and Klebsiella sp,
and group B streptococcus (with Gram nega-
tive bacteria being a more common etiology
in developing countries)®. In the US, the rate
of bacterial meningitis is 0.3 per 1000 live
births and 0.02-0.5 per 1000 herpes simplex
meningitis (see Congenital infections section
below)®2.

Listeria monocytogenes is the third most com-
mon pathogen identified in cases of neonatal
meningitis in the US. Current preconcep-
tion recommendations include the avoidance
of foods prone to develop listeria, including
unpasteurized dairy products and to cook

certain foods to steaming levels®. Its inclu-
sion as a preconception recommendation is
due to its association with early pregnancy
loss and severe maternal illness early in preg-
nancy based primarily on expert opinion®. This
pathogen is also association with preterm
labor, chorioamnionitis, stillbirth and neonatal
sepsis of early onset®.

Neisseria ~ meningitides ~ (meningococcus)
causes most meningitis, with infants aged
3-12 months being the most vulnerable in
endemic areas®. The greatest number of cases
occur as epidemic or endemic forms in sub-
Saharan Africa®. Passive immunization of
neonates occurs from maternal antibodies®.
Furthermore, IgA in the breast milk of vacci-
nated mothers may be protective®. As a con-
sequence, some authors suggest that maternal
immunization be ‘considered’®, although it is
not known whether a strategy of preconcep-
tional immunization would be beneficial.

PRETERM BIRTH/LOW BIRTH WEIGHT

This section discusses infection-related pre-
term birth/low birth weight. As much low
birth weight is related to preterm delivery,
discussion does not consider term low birth
weight due to growth restriction related to
maternal smoking, multiple births, chronic
medical conditions or hypertensive disor-
ders, all of which are beyond the scope of this
chapter.

A small number of those with term low
birth weight that might be infection related
are owing to congenital infection and are con-
sidered below. It has long been recognized
that a proportion of preterm births are infec-
tion related, as they are preceded by clinical
chorioamnionitis, occurring in association
with either preterm labor or preterm prema-
ture rupture of membranes®. Further reinforc-
ing this concept are studies which have shown
that a significant proportion of these births are
as a result of subclinical infection®. Finally, a
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number of observational studies show associa-
tions between preterm births and a variety of
infectious conditions such as asymptomatic
bacteriuria, bacterial vaginosis, periorodontal
disease and chlamydial infection (see below).
Asymptomatic bacteriuria in pregnancy is
associated with significant maternal morbid-
ity, as it leads to acute pyelonephritis. Based
on a number of randomized trials, screen-
ing and treatment of this condition has been
recommended as a means of preventing both
maternal illness in pregnancy and low birth
weight®®. However, to date, no evidence sup-
ports screening in the pre-pregnancy period,
and it is not currently recommended?. Simi-
larly, following observational studies which
demonstrated associations, randomized trials
have been conducted of treatment in preg-
nancy for infections, such as bacterial vagino-
sis, trichomoniasis and periodontal disease.
Results of these trials have been disappoint-
ing, yielding no improvement of preterm birth
rates in most cases when comparing treated
versus untreated women®. This circumstance
then sparked debate about the sufficiency of
the treatments, choice of antibiotics and also
led to hypotheses that treatment undertaken
in pregnancy may be ‘too late’, as the etiology
of the preterm birth is postulated to be as a
result of chronic inflammation caused by these
diseases®7°. In order to address this potential
deficiency, a limited number of investigations
of treatment prior to pregnancy, in both obser-
vational studies and randomized trials®®7%72,
were initiated. To date, these efforts have not
yielded results that have led to recommenda-
tions to screen and treat these conditions in the
preconceptional period’. It should be noted,
however, that detection and treatment may be
made on other grounds”. Given the body of
evidence showing the link between infection
and preterm birth, and the significant burden
of disease imposed by this association, a need
clearly exists to test with properly conducted
randomized trials the hypothesis that screen-
ing and treating conditions associated with
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preterm birth in the preconceptional period is
of benefit.

Another etiology of preterm birth and second
trimester loss is cervical incompetence which,
in certain instances, is less directly a complica-
tion of infectious disease. This condition may
result from prior surgery on the cervix such
as conization or loop electrosurgical excision
procedure (LEEP)® performed to treat cervi-
cal dysplasia which itself is due to infection
with the human papilloma virus (HPV). Cur-
rently two vaccines*” protect against the HPV
types which cause most cervical cancers. To
the extent that the vaccine can protect against
the development of cervical dysplasia and lead
to fewer cervical ablative procedures, the HPV
vaccine has been considered a preconceptional
intervention®*!.

CONGENITAL INFECTIONS

Congenital infections can cause disease in
both the mother and, by definition, in the
fetus through transplacental transmission if
they occur in pregnancy. These make up the so
called TORCH (toxoplasmosis; others includ-
ing syphilis and parvovirus; rubella; cytomega-
lovirus (CMV); and herpes virus infections
(herpes simplex and varicella)) infections. All
but toxoplasmosis and syphilis are viral infec-
tions. The primary area of concern for perina-
tal medicine is their transplacental spread and
subsequent disease for the fetus. This type of
spread also occurs with other infections men-
tioned above, such as HIV and influenza, but
in these instances it is quite rare and not the
primary consideration. Although herpes sim-
plex is of more concern due to vertical trans-
mission at birth, congenital infection also
occurs. Finally, in a number of cases maternal
disease is mild, asymptomatic or with non-
specific symptoms; this is true for toxoplas-
mosis, parvovirus, rubella and cytomegalovi-
rus. The others may be asymptomatic in some
instances but are better known for their well
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described clinical syndromes, i.e. herpes sim-
plex infection, varicella and syphilis.

Toxoplasmosis is a zoonosis caused by the
protozoa Toxoplasma gondii’*. Sources of this
parasite include raw meat, soil and the feces
of cats’. Infection in pregnancy can cause
mild or severe disease including chorioreti-
nitis, blindness, hearing loss (sensorineural),
mental retardation and seizures’. In the US
the birth prevalence is estimated to be about
1 per 10007%. Neither the American College of
Obstetricians and Gynecologists (ACOG) or
the UK National Institute for Health and Clin-
ical Excellence (NICE) recommend screen-
ing for antibodies to the condition but rather
recommend measures to prevent acquisition,
such as cooking meat to a safe temperature,
washing fruits and vegetables, hand washing
prior to handling food, wearing gloves during
and washing hands after gardening or working
with soil and avoiding handling of cat feces”™ .
Screening for antibodies has been advocated in
France prior to pregnancy to identify those at
risk with the purpose of targeting education on
modes of prevention’ especially since congen-
ital infection has been documented to occur
with periconceptional infection”. In addition,
preconceptional testing has been advocated
as an aid to the diagnosis of congenital infec-
tion’®. Nevertheless, given the controversy
about testing in pregnancy, it may be prema-
ture to advocate widespread testing in the pre-
pregnancy period. Education regarding modes
of transmission has been recommended as one
strategy to decrease the incidence of this con-
genital infection”#°. There are as yet, however,
no data supporting the role of this education
prior to pregnancy, and the amount of empha-
sis to be given to these educational interven-
tions might be limited®®. This could also
apply to other conditions in which education
is promoted as an intervention such as liste-
riosis and CMV.

Syphilis, a sexually transmitted infection
caused by the spirochete, Treponema pallidum,
which causes significant disease in the mother

and infant®. Initial stages are often asymptom-
atic and lead to latent syphilis in the mother®.
When passed to the fetus, a possibility in up
to 80% of pregnancies®, infection can lead to
prematurity and perinatal death®. The condi-
tion can be treated and its complications pre-
vented through screening and treatment with
penicillin®. In the US, screening has been
advocated during pregnancy and prior to preg-
nancy for those at high risk®. It is estimated
that worldwide 2 million cases of congenital
syphilis occur each year, with 25% ending
in pregnancy loss (stillbirth or miscarriage)
and 25% with serious infection or low birth
weight®*. The current global strategy calls for
testing and treatment in pregnancy of women
and their partners, as well as screening those
at high risk, such as patients in sexually trans-
mitted infection clinics some of whom might
not be pregnant but are of reproductive age®.

Parvovirus or fifth disease is associated with
a rash, erythema infectiosum and non-specific
symptoms of a viral syndrome”. About 50% of
adults are immune to the disease in the US®;
however, few data are available from low and
middle income nations?’. Among individuals
with acute infection in pregnancy, only 4%
are affected with fetal loss and hydrops fetalis
as a consequence of fetal anemia; most cases
have healthy outcomes®. Parvovirus infection
has not been associated with mental retarda-
tion or congenital anomalies®. Antibody lev-
els for parvovirus are recommended for the
evaluation of stillbirth®, as these have been
reported in up to 7-15% of stillbirths in some
European-based series®”. There are no specific
recommendations for testing for antibody sta-
tus prior to pregnancy or for counseling for
prevention other than recommending routine
hand hygiene®.

Rubella, German measles, is the quintes-
sential and historical preconceptional inter-
vention. Vaccination for this condition has as
its primary aim the prevention of congenital
rubella syndrome (CRS). The infection causes
mild disease in children and adults, whereas
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in affected fetuses it can cause CRS charac-
terized by deafness, cataracts, microcephaly,
mental retardation, cardiac defects, liver and
spleen damage, and bone lesions®. Since the
introduction of the vaccine in the US in 1969,
the incidence of the syndrome has declined by
99%?!. WHO currently recommends two strat-
egies for the incorporation of rubella vaccine
in national immunization programs, as either
a targeted approach for women of reproductive
age or, where good vaccine coverage (>80%)
can be assured, universal childhood vaccina-
tion, with the aim of eliminating rubella and
congenital rubella®’. (If rubella vaccination is
performed on a wide scale, it is most typically
in a combination vaccine with mumps, which
does not cause congenital infection but is
associated with spontaneous abortion.) Since
rubella vaccination coverage is not always
universal, one recommended preconceptional
test is to check the rubella status especially
in groups emigrating from countries with low
rates of rubella vaccination*!.
Cytomegalovirus infection in pregnancy can
cause a variety of symptoms in the affected
fetus including hearing loss, mental retarda-
tion, cerebral palsy, chorioretinitis, growth
restriction, hepatosplenomegaly, thrombocy-
topenia, jaundice and anemia’”. More severe
disease is more likely with primary infection
but can occur in cases of secondary infec-
tion®*** and has been reported following infec-
tion occurring either before or shortly after
conception®. Some authors recommend test-
ing in the preconceptional period to focus
prevention efforts on those at risk for primary
disease®, although others question the value
of any screening program®. The prevention
efforts recommended are those to prevent
transmission from young children to adults
through avoidance of personal contact and
hygiene efforts to prevent contact with saliva
and urine””. Examples include hand wash-
ing, especially after changing diapers or feed-
ing young children, not sharing eating uten-
sils or toothbrushes with young children and
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avoiding saliva when kissing young children®”.
Although some evidence supports education
in seronegative pregnant women®-1%, at least
one study suggested this intervention was not
as effective among non-pregnant women'®
as those who were pregnant. Showing more
promise, however, is a vaccine for CMV which
has demonstrated efficacy in phase two ran-
domized trials!®.

Two other herpes infections besides CMV
can affect the fetus. Genital herpes simplex
infection rarely causes congenital infection but
when transmitted vertically during childbirth
it can lead to herpes, a devastating CNS infec-
tion or disseminated disease!®?. Thus, vertical
transmission is the subject of most preven-
tion efforts'®. Like CMV, primary infection in
pregnancy is associated with worse outcomes
than secondary infection'®. In patients with
genital herpes, if known to exist in pregnancy,
strategies are undertaken to reduce transmis-
sion including prophylaxis in the last month
of pregnancy and cesarean delivery in the pres-
ence of active genital lesions at delivery'®. To
date there are no recommendations to univer-
sally screen for herpes simplex virus (HSV)
sero status in asymptomatic women either
during or prior to pregnancy'®. In contrast,
recommendations suggest testing women
whose partners have genital herpes with type
specific antibodies and using measures to
reduce the acquisition of HSV through daily
antiviral therapy'® and condom use!®.

Herpes zoster virus or varicella zoster virus
(VZV), causes both varicella and zoster infec-
tion. Primary infection can lead to congenital
infection'®. Unlike herpes simplex, however,
only primary infection is of concern, and a
vaccine is available!®. A high risk of sever-
ity exists for the mother if infection occurs
during pregnancy including the development
of varicella pneumonia*!. Screening prior to
pregnancy and in adults can be performed via
a reliable history or, in the face of a negative
history, with screening for VZV antibodies!®.
As the vaccine is a live attenuated virus, it
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must be avoided in pregnancy, but its use in
the preconceptional period has been recom-
mended*!. Currently the vaccine is not recom-
mended for routine use by WHO?¥, or in the
UK as a routine in childhood or reproductive
aged adults, where it is recommended in high
risk individuals'®®. In the US, the vaccine is
recommended in childhood. Adults, including
women with no documented immunization,
no prior infection or seronegative, if tested,
are recommended to be vaccinated!?””. Women
documented to be negative during pregnancy
are recommended to be vaccinated in the post-
partum period!’.

CHLAMYDIAL AND
GONORRHEAL INFECTIONS

Infection by Chlamydia trachomatis is the most
common bacterial sexually transmitted infec-
tion worldwide, with an estimated 92 million
cases worldwide in one 1999 estimate!0%1%,
Gonorrheal infection was estimated to have 62
million incident cases in the same year!®. Both
cause cervical infection which can lead to pel-
vic inflammatory disease (PID), chronic pelvic
pain and infertility!%!°. Outcomes of preg-
nancy include ectopic pregnancy and, in neo-
nates, eye infection and specific to Chlamydia,
pneumonia, and to gonorrhea, disseminated
gonococcal infection (sepsis, arthritis, men-
ingitis) or scalp abscess (if a fetal scalp elec-
trode is used in the setting of maternal gon-
orrhea)!%111 It is estimated that 1000-4000
newborns worldwide are left blind owing to
untreated ophthalmia neonaturum as a con-
sequence of Chlamydia or gonorrhea!!2. Some
of these cases are preventable, especially those
due to gonorrhea, with the use of silver nitrate
or antibiotic ointment eye prophylaxis; in con-
trast, those due Chlamydia are not'''.
Chlamydia is largely asymptomatic in men,
considered carriers of the disease!'®®, and often
asymptomatic in women (70-90%); screen-
ing those at high risk for infection has been

recommended to decrease the burden of dis-
ease!3. Many recommendations rest on the
findings of randomized trials which dem-
onstrated a decrease in PID in screened ver-
sus unscreened populations''*!*. However,
issues regarding trial design and results from
observational studies have led to questions
about the magnitude of benefit of screening
programs''®. Those at high risk in developed
countries with access to highly sensitive test-
ing (women less than age 25 and women over
that age with multiple sex partners or a new
sex partner or those with a history of sexu-
ally transmitted disease) are recommended
to be screened!'!'’7. Women in pregnancy at
high risk also deserve screening’®!'"!17, in part
because the prevalence of neonatal infection
(conjunctivitis and pneumonia) has decreased
with widespread screening'!!. Direct random-
ized trial data supporting this recommenda-
tion are lacking!'®.

Gonorrhea, unlike Chlamydia, is largely
symptomatic in men but similar to Chlamydia
is frequently asymptomatic in women!!!. In
the UK, asymptomatic individuals are not
screened in part because the disease is less
prevalent and complications are less com-
mon; targeted interventions may have a role
in groups at an especially high risk such as
inner city residents, those attending clinics
for sexually transmitted infections, and men
who have sex with men and others!’®. In the
US, the US Preventive Health Task Force cites
fair evidence to screen asymptomatic pregnant
and non-pregnant women at high risk, includ-
ing women under age 25 and those with new
or multiple sex partners'?. The task force also
cites the potential for prevention of preterm
labor and chorioamnionitis as a rationale for
screening in pregnancy'?°.

Studies in Africa have shown a high preva-
lence of Chlamydia infection in pregnancy
ranging from 9 to 13%, and in Asia rates vary
from 6 to 27%!'®. Gonorrheal prevalence in
pregnancy in Africa varies widely from less
than 1% to 8%'®. In areas where access to
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testing is limited, a syndromic approach to
screening pregnant women for these infections
is recommended''®. Efforts to control Chla-
mydia and gonorrhea globally involve screen-
ing women who are commercial sex workers
and their partners'!. Some evidence suggests
that screening and treating Chlamydia and
gonorrhea may help prevent the acquisition of
HIV™!. Women in the preconceptional period
at high risk who are screened and who have
these infections may benefit from a reduction
of their sequelae for themselves, their preg-
nancy and their newborns.

HEPATITIS B AND C

Hepatitis B and C are caused by viruses and can
lead to chronic liver inflammation!?>123. Both
are transmitted from infected blood - from
receiving a transfusion with the virus present
(uncommon where testing of blood is per-
formed), intravenous drug use/unsafe injec-
tion practices, vertical transmission at birth
and as a sexually transmitted infection!?>1%.
In developing countries sources of infection
for hepatitis B also include early childhood
infections through close contact with infected
household contacts where, along with verti-
cal transmission, these account for a major-
ity of cases!?>124, Because acute infection with
viruses is often either asymptomatic or associ-
ated with non-specific symptoms, many indi-
viduals are unaware they are infected unless
tested!?2123,

Hepatitis B is very common; worldwide
estimates count 2 billion as infected, 350
million living with chronic infection and
600,000 dying from complications of hepa-
titis'®. Death occurs from either cirrhosis or
liver cancer'®. The risk of chronic disease is
age dependent — 90% of those who contract
it in infancy (0-1 year), 30-50% of children
and 10% of adults progress to develop chronic
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disease!®. If chronic disease develops as a
child, the risk of complications is high, with
about 25% eventually developing cirrhosis or
liver cancer'®. The primary focus of hepatitis B
in preconceptional care involves vaccination to
prevent vertical transmission, which can occur
at variable rates from as low as less than 10%
to as high as 70-90% in the absence of any
prevention measures, depending on the pat-
tern of the chronic infection!?. Currently hep-
atitis B vaccine is recommended in childhood
shortly after birth and in adults previously vac-
cinated who are at high risk*’. Other recom-
mendations for preconceptional care include
testing those at high risk for hepatitis B car-
rier status, instructing them on avoidance of
transmission to uninfected individuals includ-
ing information on the prevention of vertical
transmission*!. Some patients with hepatitis
B may undergo treatment of long duration'®’
in which case their reproductive life plan and
adequate contraception should be considered
before embarking on therapy.

Hepatitis C is also common, with an esti-
mated 123 million people worldwide being
infected!?®. Major modes of transmission in
developed nations are injection drug use and
in undeveloped nations unsafe therapeutic
injections and transfusions'?®. Unlike hepatitis
B, infection through sexual contact and peri-
natal transmission is much less efficient and
thus represents a smaller source of hepatitis C
infection'?®. HIV infection along with alcohol
use are also important co-factors in the global
burden of disease associated with hepatitis
C'28, As the risk of vertical transmission is low
(4%, although it is 2-3 times higher in those
with HIV) and most children are asymptom-
atic and have no sequelae, there are no rec-
ommendations to screen pregnant women or
to perform cesarean delivery or other specific
interventions to prevent such infection!?*!%,
Current preconceptional recommendations
include screening those at high risk of the
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disease to inform them of the risks of trans-
mission and the disease course®. Similar to
hepatitis B, treatment for hepatitis C is long
term and includes ribavarin'*® which is con-
traindicated in pregnancy. A woman under-
going treatment should have her reproduc-
tive life plan reviewed and have appropriate
contraception®.

CONCLUSION

Infections comprise a significant burden of
disease for women of reproductive age and
their neonates. A great many can be prevented
through immunization, with many vaccina-
tions being recommended in childhood. For
others, early detection and treatment, if indi-
cated, in the preconceptional period may ben-
efit not only the mother, but also her children
as well. These interventions and strategies
represent a doubling of effect since at least two
individuals are frequently the beneficiaries of
preconceptional care.
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