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ABSTRACT

The consequences of foodborne illness can be particularly devastating during pregnancy because both the woman and
her fetus are at risk. Escalated production of progesterone during pregnancy leads to down-regulation of cellular (cell-mediated)
immune functions. Many foodbome pathogens (and other pathogens) are intracellular pathogens, and infections caused by
these pathogens are controlled by cell-mediated immunity. The pregnancy-induced decrease in cell-mediated immune functions
leads to increased susceptibility of the pregnant woman to certain infections. Hepatitis E virus, Coxiella burnetii, Listeria
monocytogenes, and Toxoplasma gondii are intracellular pathogens that have a predilection for the maternal-fetal unit and
may induce serious disease in the mother and/or fetus. In the United States, T. gondii and L. monocytogenes are the most
important foodborne pathogens in pregnancy, and these organisms can induce death or grave disease in the fetus and newborn.
The pregnant woman, in order to protect herself and her fetus from the consequences of foodborne illness, must practice a

high standard of food hygiene and personal cleanliness.

Baird-Parker (6) has coined the acronym, YOPI
(young, old, pregnant, and immunocompromised) to de-
scribe individuals who are at increased risk for foodborne
and other infections. In addition to elevated susceptibility
to infections, YOPIs generally suffer more serious illnesses.
YOPIs make up approximately 20% of the population of
the United States (102).

Pregnant women are a particularly vulnerable segment
of the YOPI population because their infections also may
be transmitted to their fetuses. In 1992, 10.7% of women
of child-bearing age (15 to 44 years of age) in the United
States were pregnant. Thus, ~6.5 million pregnant women
were at increased risk for infections (118). The changes in
hormonal and immunological parameters that take place
during pregnancy (24, 125, 126) influence the susceptibility
of pregnant women to a number of infections including
those caused by foodborne pathogens. The present review
is concerned with the effect of foodborne pathogens on both
the pregnant woman and fetus and how to minimize food-
borne infections during pregnancy.

IMMUNOLOGICAL AND HORMONAL CHANGES
OCCURRING DURING PREGNANCY

Certain immunological and hormonal changes must
take place in the woman’s body in order to have a suc-
cessful pregnancy. The most important of these changes are
down-regulation of the cellular immune system and a sub-
stantial increase of progesterone production. The fetus can
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be considered as a semiallogenic graft, i.e., the fetus has
genetic traits partially maternal and partially paternal and
is therefore antigenically different from the mother. None-
theless, the maternal immunological system is tolerant of
the foreign tissue antigens present in the fetus (94). The
cellular immune system, i.e., cell-mediated immunity, plays
a major role in foreign tissue graft rejection (5). Therefore,
in order to prevent rejection of the fetus by the maternal
immune system, cell-mediated immunity must be down-
regulated during pregnancy (94, 109, 124, 125).

In the pregnant female, a number of steroid hormones
such as estradiol, estriol, and progesterone are produced at
levels severalfold higher than those levels produced by non-
pregnant females (24, 126). The most important hormone
is progesterone, which is absolutely required for mainte-
nance of pregnancy (109). Down-regulation of cell-medi-
ated immunity is favored by progesterone (78, 86, 110).
Thus, maternal down-regulation of cellular immunity is in-
duced and maintained by increased production of proges-
terone with resultant development and survival of the fetus.

Intracellular pathogens invade host cells and spend
most of their existence in the host cell intracellular envi-
ronment. The intracellular location protects intracellular
pathogens from the humoral immune system but not from
cell-mediated immunity (54). Thus, cell-mediated immunity
is of primary importance in controlling intracellular patho-
gens. Examples of foodborne facultative intracellular patho-
gens include Brucella, Listeria monocytogenes, Salmonella,
Shigella, and Yersinia, whereas hepatitis A and E (HEV)
viruses, Coxiella burnetii, and Toxoplasma gondii are ex-
amples of obligate intracellular pathogens (71, 77). Down-
regulation of cell-mediated immunity during pregnancy
would be expected to lead to increased susceptibility of the
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woman and her fetus to infections by intracellular patho-
gens.

EFFECT OF FOODBORNE PATHOGENS ON
MOTHER AND/OR FETUS

The effects that potential foodborne agents may have
on the pregnant female and her fetus are detailed in Table
1. Pregnant women are no more susceptible to most food-
borne pathogens than the general healthy public. However,
there are a few foodborne pathogens to which the pregnant
woman and/or her fetus are more susceptible or that pro-
duce a more severe disease (Table 1). There are indications
that pregnant women are more susceptible to HEV (69).
There is decreased resistance to infections by L. monocy-
togenes in pregnant mice, and they have reduced ability to
develop immunity to the pathogen (64). Pregnant mice are
also more susceptible to the lethal effects of listerial infec-
tions (57). A majority of cases of human L, monocytogenes
infections occur in individuals whose cellular immunity has
been suppressed either by disease, drugs, or pregnancy (37).
Luft and Remington (64) demonstrated that pregnant mice
were more susceptible to infection with the parasite T. gon-
dii than virgin mice. It is not clear, however, that pregnant
women are more susceptible to infection by the parasite.

A few foodborne pathogens appear to produce a more
severe disease in pregnant women (Table 1). These include
HEV (47, 69), Vibrio cholerae (8, 108), Entamoeba his-
tolytica (76), and Giardia lamblia (58). There are no data
concerning Escherichia coli O157:H7 infections in preg-
nant women but hemolytic uremic syndrome (HUS) during
pregnancy can be quite severe for both mother and fetus
(27, 36, 66, 127). Treatment with plasma transfusion or
plasmapheresis is effective in decreasing or preventing fetal
and maternal symptoms of HUS. Thus, an infection by E.
coli O157:H7 during pregnancy would be expected to have
drastic effects on both fetus and mother if the disease pro-
gresses beyond the bloody diarrhea stage into HUS.

For the year 1997, 8,676 laboratory-confirmed diarrhea
cases were identified for nine foodborne pathogens in an
active bacterial surveillance system; 46.3% of those cases
were due to Campylobacter infections. Interestingly, Sal-
monella species accounted for only 25.7% of the cases (18).
One of the sequelae of C. jejuni infection is Guillain-Barré
syndrome (GBS). Buzby et al. (16) have estimated that
2,628 t0 9,575 GBS cases occur each year in the United
States. Approximately 30% of these GBS cases are believed
to have their origin in a C. jejuni infection (73). GBS is an
autoimmune disorder of the peripheral nervous system
characterized by weakness of limb muscles and/or respira-
tory muscles and loss of reflexes. Up to 20% of GBS pa-
tients require mechanical ventilation. Plasmapheresis or in-
jection of intravenous human immunoglobulin is an effec-
tive treatment (73). It has been estimated that there is one
case of C. jejuni-induced enteritis per 100 persons per year
in the United States (112). Such a high frequency of infec-
tion indicates that a substantial number of women will be
infected with C. jejuni during pregnancy. Nachamkin et al.
(73) estimate that i out of every 1,058 C. jejuni infections
in the United States will be followed by GBS. Thus, there

is a good possibility that a certain percentage of pregnant
women will have GBS if they become infected with C.
Jejuni. Bolik et al. (10) stated that the incidence rate of GBS
during pregnancy is similar to the rate found for nonpreg-
nant females. However, a Swedish study indicates that the
risk for GBS is lower during pregnancy (51). By 1995, 49
cases of GBS during pregnancy had been reported in the
literature with four maternal deaths (70); thus, the death
rate for pregnant women with GBS was 8.2%. Five to 10%
of patients with GBS die as a direct consequence of their
disease (2). GBS during pregnancy does not impair fetal or
infant development. In addition, treatent (plasmapheresis or
intravenous human globulin) of the mother for GBS has no
effect on pregnancy or fetal development (10). Rolfs and
Bolik (93) stated that no case has been reported in which
the neonate of a GBS mother developed symptoms of GBS.
Recently, Luijckx et al. (65) described a case in which both
the newborn and mother had GBS. Twelve days after birth,
the neonate showed symptoms of GBS; treatment with in-
travenous immunoglobulin alleviated the GBS symptoms.
Even though the pregnant woman may be severely affected
with GBS, in the great majority of cases, a normal healthy
child is delivered.

Most of the pathogens listed in Table 1 are facultative
or obligate intracellular pathogens, and therefore, cellular
immunity is important in their control. Thus, these intra-
cellular pathogens would be expected to be major disease
agents during pregnancy because pregnancy leads to the
down-regulation of cellular immunity. However, with the
exception of L. monocytogenes and T. gondii, the intracel-
lular pathogens listed in Table 1 are not common disease
agents during pregnancy in the United States.

Listeria monocytogenes and pregnancy. There is ev-
idence that the incidence of listeriosis in the United States
decreased by 44% from 1989 through 1993; listeriosis-re-
lated deaths decreased by 48% in the same time period
(111). Nonetheless, 1,795 to 1,860 cases of listeriosis and
474 listeriosis-induced deaths are estimated to occur each
year in the United States with a total cost of 232.7 to 264.4
million dollars {(17). Most of the cases and costs are attrib-
utable to foodborne Listeria, because 85 to 95% of lister-
iosis is foodborne (17). Consumption of foods containing
L. monocytogenes can cause both outbreaks and sporadic
illnesses. Outbreaks of foodborne listeriosis have been
caused by ingestion of contaminated coleslaw, pasteurized
milk, soft cheeses, paté, or jellied pork tongue (32, 37,
111). However, human listeriosis occurs most often by spo-
radic foodborne transmission (32, 37). Foods implicated in
sporadic listeriosis include foods obtained from delicatessen
counters, Mexican-style and feta cheeses, undercooked
chicken, and nonreheated hot dogs (32, 37, 111).

Buzby et al. (I7) have estimated that 252 pregnant
women are hospitalized each year with listeriosis, and there
are 295 to 360 fetal/newborn cases. There are no deaths in
the maternal cases, but 14 to 79 deaths are estimated to
occur in fetal/newborn cases. Among the fetal/newborn sur-
vivors of listeriosis, 43 develop chronic complications in
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TABLE 1. Effect of foodborne pathogens on mother and fetus during pregnancy

Foodborne pathogen

Susceptibility to pathogen

during pregnancy

Effect on fetus or newborn Reference

Hepatitis A virus

HEV

Brucella species (generally
B. melitensis)

Campylobacter jejuni

Coxiella burnetii (Q fever)

Escherichia coli O157:H7
(HUS)

Listeria monocytogenes

Salmonella Typhi (typhoid)

Salmonella species (nonty-
phoid)

Shigella species

Vibrio cholerae

Yersinia enterocolitica

Cryptosporidium parvum

No increased susceptibility

HEV appears to have a high predi-
lection for pregnant women with a
death rate of 15 to 25% (HEV is
generally limited to underdevel-

oped nations)

No increased susceptibility in hu-
mans (tropism occurs in ungulate
placenta due to presence of eryth-
ritol}; brucellosis is a rare disease

in the United States
No increased susceptibility

C. burnetti appears to have a tropism

for placental tissue

Infections in pregnant women have
not been reported. However, HUS
in pregnancy is associated with
high mortality or long term mor-
bidity unless the woman is treated

Organism has predilection for feto-

placental unit

No increased susceptibility; in ab-
sence of antibiotic treatment, there
is significant fetal and maternal

mortality
No increased susceptibility

No increased susceptibility

No increased susceptibility but chol-
era is more severe in pregnant

women
No increased susceptibility

No increased susceptibility

Transplacental transmission not reported; no in- 47, 75, 123, 130
creased risk for spontaneous abortion, still-
birth, or congenital malformation; infection
of woman during third trimester may increase
preterm delivery; baby may contract disease
from mother during neonatal period

Transplacental transmission may occur; in-
creased abortion and intrauterine death; in-
creased preterm delivery; baby can be infect-
ed during birth

47, 55, 69, 75,
85, 117

Transplacental transmission has been reported; 1, 3, 22, 62, 80,
abortion has been reported; presence of or- 103, 129
ganism in mother’s milk has been reported

Transplacental transmission has been reported; 46, 100, 108
abortion may occur if woman is infected ear-
ly in pregnancy; later infection may result in
stillbirth or preterm delivery; newborn may
be infected during delivery

Transplacental infection may occur; abortion, 39, 41, 63, 87,
preterm birth, intrauterine growth retardation, 89, 106, 113
intrauterine death may occur; baby may be
uninfected even when organisms are present
in placental tissue

HUS in pregnancy may lead to preterm deliv- 27, 36, 66, 127

ery or intrauterine death of fetus

Transplacental infection of fetus occurs with the 11, 57, 64, 96,
possibility of a live congenitally infected 97, 108
baby; infection early in pregnancy poses
greatest risk to fetus and newborn; abortion,
intrauterine death, stillbirth, premature labor
may occur; babies may be infected during
delivery

Transplacental infection of fetus may occur;
abortion, stillbirth, premature labor may oc-
cur; baby may be infected during delivery

30, 79, 108

No transplacental transmission; bacteremia in
mother may lead to stillbirth; infection of
baby during delivery is uncommon

No transplacental transmission; shigellosis not
identified as a cause of abortion, stillbirth or
premature labor; infection of baby during de-
livery is uncommon

No transplacental transmission; abortion, prema- 8, 108
ture labor, and intrauterine fetal death may
occur

79, 98, 108

79, 108

No transplacental transmission; little evidence 74, 108
of abortion in humans; infection of baby dur-
ing delivery does not appear to occur

No transplacental transmission; fetal distress 20, 26, 59

may occur if mother’s diarrhea is severe;
baby may be infected during delivery
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TABLE 1. Continued

Susceptibility to pathogen

Foodborne pathogen during pregnancy

Effect on fetus or newborn Reference

Entamoeba histolytica No increased susceptibility but preg-

nant women are at greater risk for
fulminant disease

Giardia lamblia No increased susceptibility; disease

may be more severe in pregnancy

Toxoplasma gondii Parasite has predilection for fetopla-

cental unit

Trichinella spiralis Increased susceptibility?

No transplacental transmission; infection of
woman early in pregnancy may lead to abor-
tion; dehydration and malnutrition induced by
disease in mother may lead to intrauterine
growth retardation; baby may be infected
during delivery

No transplacental transmission; severe maternal 4, 58
infection that compromises nutrition may af-
fect fetal growth; baby may be infected dur-
ing birth by fecal contamination

Transplacental transmission occurs with possi-
bility of live congenitally infected baby; still-
birth and early perinatal death may occur; it
is not certain that parasite induces abortion in
humans

Infection of placenta has been observed; trans-
placental transmission? (there are no reports
of congenital trichinosis in live newborns);
abortion, stillbirth, premature labor may oc-
cur; baby not infected during birth (the para-
site has been found in infected mother’s milk,
which can result in infected baby)

20, 76

20, 64, 88, 122

20

which the children have some level of permanent neuro-
logical and/or physical disability (17).

The costs (medical and productivity loss) of the ma-
ternal listeriosis cases are estimated to be 3.4 million dollars
(17). Medical costs and productivity losses for fetal/new-
born cases are estimated at 20.4 to 52.1 million dollars. The
life-time costs generated by the estimated 43 cases of
chronically disabled babies that are born each year are es-
timated at 25.2 to 45.5 million dollars and reflect medical
costs, special education costs, and loss of productivity (17).

Listeriosis as a disease of pregnancy. Animal studies
indicate that both the mother and fetus are at risk for serious
illness if the mother is infected by L. monocytogenes during
pregnancy. L. monocytogenes-infected pregnant mice did
not clear the pathogen from their spleens and livers as ef-
ficiently as infected virgin mice, and the pregnant mice had
a much higher mortality rate (57, 64). Necropsy of dead
pregnant mice revealed that most of the mice had aborted
(64). Schlech (95, 96) demonstrated that oral infection of
pregnant rats with L. monocytogenes led to fetal resorption,
still births, or heavily infected living pups. Midgestational
infection had greater adverse effects on fetal outcome as
compared to infection during the earlier or later part of
pregnancy. Oral infection of pregnant mice led to abnormal
reproductive outcomes similar to that seen in rats (70).
Menudier et al. (70) also noted that pregnant mice were
susceptible to listeriae-induced encephalitis or death.

That female and pregnant mice or rats are more sus-
ceptible to listerial infection suggests that sex hormones
play a role in the increased susceptibility. Female mice giv-
en high doses of estrogenic substances (diethylstilbestrol,

17-B-estradiol, a-dienestrol) showed increased morbidity
when exposed to L. monocytogenes (28, 83). Estrogen-in-
duced decrease in immunity against L. monocytogenes is
probably due to estrogen suppression of cellular immune
functions. In humans, L. monocytogenes has a predilection
for the fetoplacental unit (71, 13). Listeriosis most com-
monly occurs during the third trimester (13, 45). Infections
are rare during the second trimester and even more rare
during the first trimester (13, 42). Early gestational lister-
iosis is associated with septic abortion, whereas late lister-
iosis may result in premature delivery of a stillborn or sep-
tic baby (117). However, if the disease is promptly diagnosed
and antibiotic treatment of the mother initiated, then the
outcome is favorable for both mother and baby (42, 52, 99,
132). An interesting observation by Mascola et al. (68) in-
dicates that women pregnant with multiple gestations (two
or more fetuses) are at greater risk for listeriosis than wom-
en pregnant with a single gestation.

L. monocytogenes infection during pregnancy may be
asymptomatic or may present as a flu-like illness with fever,
headache, and myalgia. Gastrointestinal symptoms are less
common. The mild flu-like prodrome, occurring in approx-
imately two-thirds of infected pregnant women, occurs dur-
ing the period of bacteremia. Invasion of the uterus, pla-
centa, and fetus may be the outcome of listerial bacteremia.
Bacteremia during the third trimester usually results in pre-
mature delivery (11, 45). Severe listeriosis in pregnant
women is rare (99), and listeriosis in the pregnant female
is usually self-limiting (even without treatment) with the
delivery of an infected baby.

Infection of the fetus may result from transplacental
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transmission following listerial bacteremia of the mother, or
it may occur by ascending spread if the vagina has been
colonized by L. monocytogenes (60, 61, 97). Intrauterine
infection may cause amnionitis, preterm labor, spontaneous
abortion, stillbirth, or early onset infection of the neonate.
Late-onset listeriosis may occur if the neonate is infected
during passage through the birth canal, by contamination
with feces if the mother is a carrier, by hospital caretakers,
or from hospital or home environments (60, 61, 97). Thus,
depending on how and when the neonate was infected,
there may be early-onset or late-onset listeriosis.

Symptoms of early-onset listeriosis (which is due to
infection in utero) are seen up to 7 days after birth. The
child is generally preterm with low birth weight and with
septicemia as the major symptom. The neonate may have
respiratory distress, cyanosis, apnea, pneumonia, microab-
scesses in various organs, as well as other symptoms. Mor-
tality of live-born neonates ranges from 15 to 50% with
early-onset listeriosis (11, 37).

Cases of late-onset listeriosis are seen later (>5 to 7
days after birth) than early-onset discase. The neonate is
infected at or after birth. Meningitis is the major presenting
symptom in late-onset listeriosis. The neonate may show
fever, poor feeding, irritability, and colitis with diarrhea.
Mortality in late-onset listeriosis ranges from 10 to 20%
(11, 37). Few studies have been done on the long-term con-
sequences of early-onset and late-onset neonatal listeriosis,
but it can be assumed that a number of children will have
long-term physical, neurological, and/or physiological de-
fects. Estimates of the number and severity of neonatal lis-
teriosis cases have been given by Buzby et al. (17).

Early diagnosis and initiation of antibiotic therapy is
necessary during pregnancy and after birth to ensure the
survival of the infected neonate. However, data indicate that
antibiotic resistance is increasing in L. monocytogenes, and
susceptibility to antibiotics commonly used against gram-
positive bacteria can no longer be assumed to be effective
(21). Multiple-antibiotic-resistant L. monocytogenes have
been isolated from listeriosis patients (81, 84, 116). Many
antibiotic resistance genes are mediated by transferable
plasmids in enterococci and streptococci, and these organ-
isms are probably the source of antibiotic resistance in lis-
teriae (21, 81). In vitro, conjugative transfer of vanA van-
comycin resistance from Enterococcus faecium to L. mon-
ocytogenes (and to the nonpathogenic L. ivanovii and L.
welshimeri) was demonstrated by Biavasco et al. (9). In-
terestingly, the nonpathogenic Listeria transconjugants
were able to transfer vancomycin resistance to both L. mon-
ocytogenes and E. faecium. The facile transferal of vanco-
mycin resistance to L. monocytogenes in vitro would sug-
gest that vancomycin-resistant listeriae will soon appear in
a clinical setting. Thus, with the emergence of muitiple-
antibiotic-resistant strains of L. monocytogenes, there may
be decreased efficacy in treatment of listeriosis during preg-
nancy and an increase in fetal wastage as well as an in-
crease in babies born with early-onset listeriosis.

T. gondii and pregnancy. Approximately 30% of the
adults in the United States and the United Kingdom show

serological evidence of infection with T. gondii; however,
in continental Europe, infection ranges from 50 to 80% of
the population (33). Todd (/15) has estimated that approx-
imately 1.5 million T. gondii infections occur each year in
the United States, and the huge majority of these infected
individuals are asymptomatic and do not even know that
they have been infected. Thus, T. gondii infection is com-
mon, but clinical toxoplasmosis is rare. Infected immuno-
competent individuals have few or no symptoms, but in-
fected immunocompromised or immunosuppressed individ-
uals generally show clinical manifestations of toxoplas-
mosis (40, 102). Clinical disease in immunocompromised
or immunosuppressed individuals may be due to reactiva-
tion of pre-existing infection or may represent a new infec-
tion.

Toxoplasmosis outbreak data indicate that T. gondii
can be transmitted to humans by the ingestion of foods
(101), water (7, 12), or dust and soil (38, 105, 114). Most
of the foodborne outbreaks involving T. gondii were due to
ingestion of raw or undercooked meats, and ingestion of
unpasteurized goat milk has been implicated in a few out-
breaks (101). It is unknown what percentage of the ~1.5
million infections that occur each year in the United States
are caused by eating T. gondii-containing foods. Buffolano
et al. (/4) found that eating cured pork or raw meats was
a major risk factor for T. gondii infection in pregnant wom-
en in Naples, Italy. Women who ate cured pork or raw meat
during pregnancy were three times more likely to be in-
fected by the parasite than pregnant women who avoided
those foods. Similarly, Kapperud et al. (53), studying risk
factors for T. gondii during pregnancy in Norway, deter-
mined that eating raw or undercooked meats (minced
meats, mutton, pork), eating unwashed raw vegetables, and
cleaning cat litter boxes were significant risk factors for
infection by T. gondii.

Buzby and Roberts (15) have estimated that ~1,581
children are born each year with congenital toxoplasmosis.
Severe acute toxoplasmosis is seen in 217 babies at birth;
40 of these cases die soon after birth. The 177 surviving
cases of severe congenital toxoplasmosis either have or will
develop serious complications (blindness or mental retar-
dation) by age 17. There are 1,364 cases that do not show
signs of toxoplasmosis at birth but will show symptoms of
toxoplasmosis by age 17. Thus, congenital toxoplasmosis
results in 1,541 infants each year who sooner or later will
suffer toxoplasmosis complications of varying degrees of
severity. Buzby and Roberts (/5) estimate an annual cost
of $7.7 billion (1995 dollars) for congenital toxoplasmosis.
These costs include medical care, loss of productivity
(death or disability), special education, and residential care
(92).

Toxoplasmosis as a disease of pregnancy. Female
mice have a lower survival rate when infected with 7. gon-
dii than male mice (91). In addition, the brain tissue cyst
burden in surviving female mice was at least two times that
of surviving male mice. Luft and Remington (64) indicated
that pregnant mice were more susceptible to T. gondii in-
fection than virgin mice and demonstrated earlier and great-
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er mortality when infected. That female mice as well as
pregnant mice have increased susceptibility to toxoplas-
mosis suggest that sex hormones may play a role. Kittas
and Henry (56) found that gonadectomized male and fe-
male mice given estrogens had approximately threefold in-
creased brain tissue cyst burden than that of control gonad-
ectomized mice. When Pung and Luster (82) administered
high levels of estrogenic compounds (to simulate those lev-
els found in pregnancy) to female mice, they found at least
a twofold increase in tissue cyst burden in the brain. The
increased levels of estrogens led to decreased resistance of
the mice to T. gondii.

Studies with animals infected by 7. gondii during preg-
nancy indicate that the parasite can be isolated from fetuses
and placentas (88). Infection of mice and rats by T. gondii
after initiation of pregnancy leads to infected progeny; how-
ever, if infection occurs a few weeks before initiation of
pregnancy, infected progeny are not found. Mice or rats that
were infected during pregnancy and produced infected
young did not give birth to parasitized progeny in subse-
quent pregnancies (34, 35, 90, 131). Seropositive pregnant
animals, therefore, do not give birth to parasitized young.
Thus, animal data indicate that the fetal-placental unit is a
favored area for T. gondii infection. Similarly in humans,
the isolation of T. gondii from placentas and fetuses of in-
fected pregnant women suggests that the parasite has a tro-
pism for placental and fetal tissue (88).

When a pregnant seronegative woman is infected by T.
gondii, the infection is similar to that of any adult infected
by the parasite and is not recognized in approximately 90%
of cases. Symptoms and signs of acute infection are gen-
erally so minor, the woman does not recall the incident
(128). The infected fetus always shows symptoms—at
birth, during infancy, in childhood, in teenage, or in adult
years. Sooner or later, the individual, congenitally infected
with T. gondii will show symptoms of toxoplasmosis.

In humans, congenital toxoplasmosis (i.e., toxoplas-
mosis in infants who were infected by T. gondii in utero)
usually does not occur when a seropositive woman be-
comes pregnant. However, if a T. gondii-seronegative wom-
an is infected during pregnancy, the fetus is at risk for toxo-
plasmosis (88). While the fetus and neonate may show se-
vere symptoms of toxoplasmosis, the mother is asympto-
matic or shows only mild illness.

However, the fetus may present with congenital toxo-
plasmosis in a T. gondii-seropositive immunocompromised
pregnant woman. The T. gondii-seropositive pregnant
woman with acquired immune deficiency syndrome or oth-
er immunocompromising conditions may show reactivated
toxoplasmosis with the possibility of transmission of the
parasi&s to the fetus (29, 67, 72, 88, 128). It is rare for the
T. gondii-positive presumedly immunocompetent pregnant
woman to have an infected fetus, but it does happen. If
pregnancy occurs shortly after infection (=2 months), in-
fection of the fetus is possible, although rare (88, 121).
Cases have been reported in which babies born to immu-
nocompetent T. gondii-seropositive women show signs of
congenital toxoplasmosis (31, 43, 44). The authors suggest

TABLE 2. The four cardinal rules of micrebial food safety

Rule 1. Wash hands thoroughly with soap and hot water.

Rule 2. Kill all of the microorganisms that you can. Keep micro-
organisms out of food. Keep microorganisms from grow-
ing (the 3K rule).

Rule 3. Foods should be kept at temperatures <40°F (=4.4°C) or
=140°F (=60°C) (the 40-140 rule).

Rule 4. When in doubt, throw it out.

that reinfection of the women occurred during pregnancy
with resultant infection to their fetuses.

When a seronegative woman is infected by 7. gondii
during pregnancy, there is 30 to 40% chance that the fetus
will be infected. An investigation of 500 women who were
infected by T. gondii during pregnancy demonstrated that
66.8% of the fetuses escape infection, whereas the remain-
der (n = 166) were infected. There were 11 deaths 2.2%)
from stillbirths or death in perinatal period. Of the live in-
fected babies (n = 155), 77.4% had subclinical toxoplas-
mosis (seropositive but no clinical symptoms) at birth,
whereas 22.6% (n = 35) showed signs of clinical disease.
Of the children with clinical toxoplasmosis, 22 of 35 had
mild symptoms and 13 of 35 were severely affected (88).

The incidence and severity of fetal infection depends
on the stage of gestation when the woman is infected by
the parasite. If the woman is infected late in pregnancy, i.e.,
third trimester, the incidence of transmission of the parasite
is high (~60%), but the disease in the neonate will be rel-
atively mild or subclinical; 85% of these babies will appear
normal at birth (23, 128). However, if the woman is in-
fected during the first trimester, there is less chance of fetal
infection (~10 to 15%), but the risk of miscarriage, still-
birth, perinatal death, or severe clinical disease is high. The
chance of fetal infection during the second trimester is ap-
proximately 30%; about 70% of these infections will be
subclinical (23, 128).

Congenital toxoplasmosis may involve the ocular, au-
ditory, and/or central nervous system. Infants with subclin-
ical toxoplasmosis who appear normal at birth may show
neurological and/or ocular abnormalities months or years
later (88, 128). The minority of congenitally infected babies
will show severe manifestations including hydrocephalus,
intracranial calcifications, and/or retinochoroiditis; thus, the
child may be mentally retarded and blind or have other
neurological deficits. Other organs such as kidneys, liver,
heart, and lungs may be severely affected also (49, 88).
Congenital toxoplasmosis must always be treated. Treat-
ment of the mother with spiromycin, as soon as Toxoplas-
ma infection is diagnosed, has been shown to reduce the
transmission of the parasite from mother to fetus; however,
spiromycin does not change the disease course once the
fetus has been infected. If the fetus becomes infected, treat-
ment of the mother should be initiated with a pyrimetham-
ine/sulfadiazine/folinic acid regimen until delivery, and the
treatment of the baby should continue for the first year of
life (88, 104, 107). Treatment in utero and during the first
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TABLE 3. General recommendations for safe food handling for the prevention of foodborne disease®

1. Buying food

a.

Examine the condition of the food. Refrigerated foods should feel cold and frozen foods should be thoroughly frozen. Cans (for
canned foods) should not be dented, cracked, or bulging. Meats should be fresh without excessive drip or odor, and vegetables
and fruits should be fresh and not bruised or wilted. Do not buy cracked or dirty eggs.

b. Check sell-by or use-by dates. Do not buy more product than can be used by the final date.

C.

d.

a,

b.

c.
d

Do not buy raw milk or dairy products made from raw milk. If the dairy product has been pasteurized, the product label will
indicate it.

When shopping, buy groceries last. Do not leave groceries in a hot car but drive straight home and promptly place food items at
their proper storage temperature.

. Storing food

Check temperature of refrigerator and freezer. The refrigerator should be at <40°F (=4.4°C). A good rule to follow is to keep
the refrigerator as cold as possible without freezing milk or produce. The freezer should be at 0°F (—17.8°C).

Raw red meats, poultry, or seafood should be placed on separate plates during refrigeration to prevent juices from dripping onto
cooked foods or raw vegetables and fruit. Juices from flesh foods contain bacteria that can contaminate other foods.

Refrigerate dairy foods such as milk, cheese, cottage cheese, yogurt, etc.

Eggs should be refrigerated.

3. Preparing food

a.
b.

4. Co

€.

a.

Wash hands with soap and hot water before preparing foods.
Prevent cross-contamination of foods by keeping raw meats, poultry, and seafoods (and their Jjuices) away from other foods. When
switching from preparing a particular food to another, wash hands, knives, cutting boards, countertop (including sink and faucets),

and any utensils with soap and hot water to prevent cross-contamination, Cutting boards should be plastic and should be washed
thoroughly when necessary during use.

. Pregant women as well as other immunocompromised individuals should dry their hands with disposable paper towels, Washed

food preparation equipment should be dried with disposable paper towels, also. Use disposable paper towels to clean up meat or
poultry juices. Cloth towels and sponges are excellent breeding grounds for bacterial growth and should be avoided. However, if
cloth towels or sponges are used in the kitchen, they should be changed frequently and thoroughly cleaned before reusing.

. Frozen foods should not be thawed at room temperature on the kitchen countertop. Frozen foods should be allowed to thaw in

the refrigerator or they may be thawed by microwaving. Meats should be marinated in the refrigerator.

. Vegetables (lettuce, carrots, etc.) or fruits that are eaten raw should be washed thoroughly. Vegetables should be washed before

cooking.
Pets should not be permitted in the kitchen area during preparation and cooking foods.
oking food

. Cook red meats (in particular, hamburger) to an internal temperature of 160°F (71.1°C) and poultry to an internal temperature of

180°F (82.2°C). Use a meat thermometer. Visual tests for doneness: red meat is gray or brown inside; poultry juices run clear;
and fish flakes with a fork. For pregnant women and immunocompromised individuals, raw, rare, or undercooked hamburger,
steaks, or roasts pose a potential microbial hazard and should be avoided. Stuffing for turkey or chicken should be cooked
separately.

. Do not interrupt cooking. Cook foods, especially poultry and meats, completely at one time. Partial cooking may permit bacterial

growth during the period before cooking is resumed.

. If cooking food, especially meat or poultry, from the frozen state, more cooking time is necessary. The cooking time should be

approximately 1% times longer than for thawed food.

. Ready-to-eat meat products (hot dogs, luncheon meats, cold cuts) may be eaten unheated unless the freshness of the product is

in question or if the product has been temperature abused. Immunucompromised individuals should heat ready-to-eat meat products
thoroughly to a steaming temperature before eating.

Cook eggs thoroughly. The yolk and white should be firm, not runny. Scrambled eggs should have a firm texture. Use a pasteurized
egg product for recipes that require uncooked or partially cooked eggs.

. Serving food

Dishes and utensils used in the preparation of food should not be used for serving foods, e.g., grilled meats should be served on
a clean plate, not on the plate that held the raw meats.

b. Hot foods should be served promptly, and cold foods should be removed from refrigerator just prior to serving.

C.

d.

Picnic foods should be in a cooler with a cold pack. The cooler should not be placed in direct sun. Brown bag lunches should
be packed in an insulated lunch bag with a cold pack.
Perishable foods should not be left out of refrigerator for >2 h.

6. Handling leftovers

a.
b.

c.
d.

Leftovers should be divided into several small shallow containers so that quick cooling is achieved in the refrigerator.

The stuffing from stuffed fowl should be removed and the bird and stuffing refrigerated separately. However, stuffed fowl is not
recommended for pregnant women or immunocompromised individuals unless fowl and stuffing have been cooked separately.
Leftovers should be reheated thoroughly until steaming hot. Sauces, gravies, and soups should be brought to a boil.

Either freeze leftover foods (thaw properly and cook properly when they are to be eaten) or use within 2 to 3 days after refrigerating.

a Adapted from U.S. Department of Agriculture (119, 120).
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TABLE 4. Specific recommendations to prevent listeriosis and toxoplasmosis during pregnancy’

1. Listeriosis?

a.

d.

b.

. Cats:

Do not drink raw milk and do not eat dairy products made from raw milks. Avoid soft cheeses such as Feta, Brie, Camembert,

blue-veined cheeses, and any soft, ethnic-type cheeses such as Mexican-style white cheeses. Processed cheese slices, hard cheeses

such as cheddar, and refrigerated dairy products such as cottage cheese, yogurt, or cream cheese are acceptable.

. Leftover foods or ready-to-eat foods such as hot dogs should be heated thoroughly until steaming before eating.

. Foods from delicatessen counters are not recommended, Prepackaged salads and paté should not be eaten. Delistyle cold cuts
should be heated thoroughly until steaming.

Precooked meals that have subsequently been stored at refrigerated temperatures (cook—chill meals) should be thoroughly recooked
until the product is steaming.

. Toxoplasmosis®
a.

Meat: When preparing raw meats, avoid touching face, mouth, or eyes. Avoid eating raw or undercooked meat. Cook meat to an
internal temperature of 160°F (71.1°C). Freezing meat to at least 9.2°F (— 12.5°C) will inactivate T. gondii.

Vegetables: Wash fruits, berries, and vegetables thoroughly. Do not touch mouth, face, or eyes when handling raw fruits, berries,
and vegetables (cat feces containing the parasite may have contaminated the products).

Because cats are the definitive host for T. gondii, the pregnant woman must take especial care concerning cats. Do not let
house cats forage outside and do not send cats to a kennel because the cats may be infected with the parasite by eating infected

rodents or birds or by coming in contact with feces from infected cats. Cats should be fed only well-cooked, dried, or canned
foods. The pregnant woman should never clean the cat litter box.

d. Gardening: Gardening during pregnancy should be discouraged. T. gondii may be present in garden soil contaminated by cat feces.
Handling garden soil or breathing dust from garden soil may lead to infection.

9 These recommendations are to be used in conjunction with the recommendations given in Tables 2 and 3.
& Adapted from Buchdahl et al. {13) and the Centers for Disease Control and Prevention (19).

¢ Adapted from Grant (48).

year of life has been shown to alleviate the severity of con-
genital toxoplasmosis (25, 50).

Prevention of foodborne disease during pregnancy.
The pregnant woman can protect herself and her unborn
child from foodborne illness by using a commonsense ap-
proach to food hygiene. The most important rules of mi-
crobial food safety are given in Table 2. Rule 1: A high
standard of personal hygiene is the prime factor in the pre-
vention of the transmission of foodborne disease. Hand
washing with hot water and soap must be done (i) before
food preparation; (ii) as often as necessary during food
preparation (i.e., after handling raw meat or chicken, etc.);
and (iii) before serving foods. Of course, handwashing is
imperative after using toilet facilities, changing diapers, or
handling pets. Rule 2: The 3K rule emphasizes that raw
foods should be bought from a reliable and clean source to
ensure that the foods have low numbers of microorganisms.
The customer should store the foods at proper temperatures
in a clean environment to minimize introduction of micro-
organisms as well as prevention of microbial growth. Fi-
nally, proper processing (pasteurization, cooking, or other
processes that destroy microorganisms) will lead to the de-
struction of a large portion of the microbial population pres-
ent in foods. Rule 3: The 40-140 rule is important because
most bacteria can multiply at temperatures between 40 and
140°F-uthe ‘Hanger zone. However, some microorganisms,
e.g., L. monocytogenes or Y. enterocolitica, can grow slow-
ly at =40°FE Therefore, pregnant women and other immu-
nocompromised individuals should not allow foods to re-
main refrigerated for long periods. Freezing is proper for
long-term storage. Keep cold foods cold and hot foods hot.
If foods have been in the danger zone for >2 h, they should
be discarded. Rule 4: If the microbial safety of a particular

food is in doubt, it is wise to discard the food. Thus, if the
freshness of the food is suspect (i.e., it is believed that
bacterial growth has taken place), then the food should be
disposed of. If the packaging of the food item is torn or
punctured, or if temperature abuse has taken place, then the
item should be discarded. Adherence to the four cardinal
rules of microbial food safety will do much to minimize
foodborne disease.

Some general recommendations that should be helpful
to all individuals including the pregnant woman when buy-
ing, storing, preparing, cooking, and serving food are given
in Table 3. In addition, Table 3 provides advice on handling
leftover food. A number of specific recommendations for
the prevention of listeriosis and toxoplasmosis during preg-
nancy are listed in Table 4.

Eating out may pose problems during pregnancy. A
good basic rule to follow: what would not be eaten in one’s
own home should not be eaten in a restaurant or at some-
one’s home. If the restaurant environment and restaurant
personnel do not present a clean appearance or if the food
has not been cooked or served properly, then the pregnant
woman should eat elsewhere. The recommendations for
pregnant women given in Tables 2, 3, and 4 apply to res-
taurants as well as to home kitchens. Similarly, those rec-
ommendations apply when the pregnant woman is eating
as a guest at a friend’s or neighbor’s home.

Traveling during pregnancy requires vigilance on the
part of the woman. If at all possible, the pregnant woman
should not travel to underdeveloped countries. If she does
trave] to an underdeveloped country, the guidelines given
in Tables 2, 3, and 4 must be followed religiously. In ad-
dition, tap water should be boiled (3 min) or disinfected by
chemical treatment (iodine tablets); ice cubes should not be
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used unless they have been prepared from properly treated
water. Regardless of the country visited, the recommenda-
tions given in Tables 2, 3, and 4 for safe foods apply.

A FINAL RECOMMENDATION

Pregnancy is a time of particular vulnerability when a
woman and her fetus are susceptible to foodborne infec-
tions. Foodborne infections can be controlled to a large ex-
tent if the woman follows the recommendations given in
Tables 2, 3, and 4. In the long term, however, education is
the real key to prevention of foodborne ilinesses. The prac-
tice of safe food handling is not an innate ability and it
must be learned. The younger an individual begins learning
proper food safety techniques, the more likely he or she
will practice them. Education in microbial food safety
should start early in the child’s life beginning in nursery
school and continue through kindergarten, grade school,
and high school. The education program should be devel-
oped so that the child can grasp concepts of microbial food
safety suitable for his or her age and understanding. As the
child’s education continues, the concepts can be expanded
so that by the time the individual graduates from high
school, she or he will have a firm grasp on how to prevent
foodborne disease. An individual trained in this manner
will, as an adult, practice microbial food safety in the home
and in the workplace. Thus, a female trained in concepts
of microbial food safety from nursery school through high
school would be able to protect herself and her baby from
foodborne illness.
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