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Abstract: Listeria monocytogenes (LM) is an intracellular, aerobic and facultative anaerobic,
Gram-positive bacterium, which is primarily transmitted to humans orally via food. LM could
occur in asymptomatic pregnant women; however, fetal infection is a serious condition, entailing
premature birth, abortion, sepsis, central nervous system (CNS) involvement, or even death. If
a pregnant woman exhibits symptoms, the performance is almost like influenza, such as fever,
headache, diarrhea, myalgia, or other digestive-related symptoms. This review collected clinical
and empirical results regarding the mechanism, clinical manifestations, obstetrical outcome,
diagnosis, treatment, vertical transmission, neonatal infection, and prevention of listeriosi
according to articles published in PubMed from January 1, 1980, to March 20, 2021. The
early detection and diagnosis of pregnancy-associated listeriosis are significant since sensitive
antibiotics are effective at enhancing the prognosis of newborns. Listeriosis can be diagnosed
using positive cultures from maternal or neonatal blood, neonatal cerebrospinal fluid (CSF),
amniotic fluid, intrauterine mucosa, or the placenta. Two weeks of high-dose intravenous
amoxicillin (more than 6 g/day) is recommended for LM pregnant women without allergy.
Terminating the pregnancy to save the mother’s life should be considered if maternal and fetal
conditions aggravate. Neonatal Listeria infection is primarily transmitted through the placenta,
which is a critical illness associated with a high mortality rate. The necessary dietary guidance for
pregnant women can reduce the incidence rate of pregnancy-related listeriosis.
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Introduction

LM is an intracellular, aerobic and facultative anaerobic, Gram-positive bacterium,
which was discovered accidentally in a prevalent infection in laboratory animals.! LM
is primarily transmitted to humans orally via food, accounting for 99% of cases.?
Listeria has a higher likelihood to contaminate uncooked or ready-to-eat food, such as
meat, vegetables, milk, and dairy products.> LM can develop in the refrigerator over
a long time and withstand large-scale temperatures (—0.4-45°C).* Reportedly, LM is
more prevalent during the summer.” Its incidence rate is considerably low, and it is
preventable and treatable However, it is associated with high hospitalization and
mortality rates (20-50%).° Serious consequences of listeria infection include gastro-
intestinal inflammation, sepsis, and central nervous system (CNS) involvement.” From
1996 to 2005, LM accounted for 30% of lethal food-borne infections in the U. S. A,
with a mortality of 16.9%.% In 2015, 2224 LM cases were reported in Europe, with
a total mortality of 18.8%.° Meanwhile, 253 LM patients were discovered across 19
provinces in China between 2011 and 2016, with a mortality rate of 25.7%."°
Fortunately, fatalities did not include pregnant females or children. '
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According to the World Health Organization (WHO), the
onset of Listeria during pregnancy accounted for nearly 43%
of total cases, and 14% occurred in late pregnancies.'
Recently, published data for incidence index in pregnancy-
related listeriosis accounts for 11% of all listeriosis cases in
Italy,'? 16% in Spain,'® and 17.7% in France.'* In France, the
index declined from 60 to 5 cases in every 100,000 live births
between 1984 and 2011, reducing by more than 12 times."
In contrast, in Israel, this indicator increased from 5.5 to 25.2
cases in every 100,000 live births between 1998 and 2007.'¢
Moreover, 41.1-52% of listeriosis was associated with preg-
nancies in China, highlighting the nationwide pressure of this
disease.'”'® Recently, the incidence rate of pregnancy-
related listeriosis shows declining statistics in many coun-
tries, such as France, Belgium, and the USA.!5:19:20 Likely,
the more stringent requirements in food production, special
preventive measures, and better health care for pregnant
females influenced the decline.'>'>** Females with LM
may not exhibit typical symptoms or have influenza-like
symptoms, such as fever, irritating headache, or myalgia.”'
However, Listeria could move through the placenta to affect
the fetu.”? Besides, swallowing amniotic fluid can also be
a route of fetal infection.”®> Unlike mothers, fetal infection is
a serious condition, entailing premature birth, abortion, sep-
sis, CNS involvement, or even death.”* Considering the
seriousness of LM, timely anti-infection management must
be initiated immediately upon diagnosing maternal-fetal LM;
because prompt treatments can prevent adverse
consequences.”

Due to latent bad outcomes, it is crucial for obstetri-
cians to familiarize themselves with the related informa-
tion of listeria infection. This review aims to collect the
clinical and empirical results regarding LM in pregnancies.
Two independent researchers searched PubMed for articles
published from January 1, 1980, to March 20, 2021,
related to global patients with LM using the keywords
“listeria”, “listeriosis”, “pregnancy”, “maternal”, and
“neonate”. A detailed aggregation of relevant studies on
the mechanism, clinical manifestations, obstetrical out-
come, diagnosis, treatment, vertical transmission, neonatal

listeriosis, and prevention was performed.

The Mechanism of Listeria in

Pregnancy

Once Listeria enters the human body through oral admin-
istration, it first arrives at the mucosa of the small intes-
tine, and then enters other organs via the circulatory

system and lymph nodes. Since Listeria is an intracellular
bacterium, this scarce characteristic makes it easy to con-
ceal in the host cells, making diagnosis difficult. Different
proteins, such as certain internalins, are conducive for LM
to attack host cells. Once the bacteria enters the cell,
Listeria releases listeriolysins and phospholipases to dis-
solve the membrane of the vacuole to survive in cells.
When LM reaches the cytoplasm, it can proliferate and
elevate the development of actin filaments, making LM
penetrate the cytoplasm and eventually arrive at the
plasma membrane. Listeria usurps the host cell cytoskele-
ton, meaning that actin filaments it needs to move (not
penetrate) through the cytoplasm are not produced by the
bacteria. Listeria causes the polymerization of actin fila-
ments from the infected cell in one of its poles, forming
the well-known actin tail or comet that provides the ability
of the bacteria to move inside the cell, finally reaching the
plasma membrane and causing protrusions needed for
intercellular transmission. Afterward, plasma membrane
protrusions and intercellular diffusion infect neighboring
cells. The circulation allows Listeria to avoid contacting
the extracellular circumstance so that it can escape from
the T cell immunity in humans by moving from one cell to
another and continue to infect other organs and tissues.*
Moreover, antibodies, complement, and neutrophils also
lose their protective effect on the host cells based on this
specific intracellular circulation of LM.?” The virulence of
LM depends on the infected subject’s immunity, types of
bacterial strains, and the infection scope.”® A dose of 10*—
10° organisms/gram of food ingested can cause clinical
LM.** However, for people at high risk of immunodefi-
ciency, the dose needed for infection may be lower.*?
Presently, 13 serological types of LM have been
discovered.”” However, in most LM infections reported
in Europe and many other nations, including China, just
four types (1/2a, 1/2b, 1/2c, and 4b) give rise to clinical
LM infection.*® Serological-type 4b has the strongest viru-
lence, and could even cause a pandemic in humans,
although type 1/2a is most commonly discovered in
consumables.'® Compared to non-pregnant women, sero-
type 4b has a higher likelihood to infect pregnant
women.'®*" It is crucial to identify and eliminate LM
from the infected person through innate and adaptive
immunity.*> Compared to normal humans, pregnant
females have 18 times higher likelihood of becoming
LM
consumables.’ It is partly due to reduced T cell immunity

infected by after ingesting contaminated

in pregnant females and insufficient decidual T cells due to
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epigenetic silence of chemical factors. The placental direc-
tionality (ActA and InlP virulent determinants) and the
sheltered intracellular life circulation of LM trigger the
spread of the bacteria to other parts of the body besides
the digestive system.'”*>® LM invades the placenta in
two ways: direct invasiveness and cellular infection.*’

Empirical studies have revealed that LM can invade
both extravillous trophoblast cells (EVT)*” and syncytio-
trophoblast (SYN).*® Immunohistochemistry indicates that
LM entered the SYN of the placenta in patients with
listeriosis.*® Most infections occurred in the third trimester
of pregnancy, further indicating that SYN could be where
the bacteria enter the placenta.*’ LM could immediately
attach to the trophoblastic epithelium, enter the trophoblas-
tic layer, and gain access to the center of villous tissues.
According to the principle of kinetics, the bacteria initially
infect the cells at the middle arterial catheter of the pla-
centa, where the stain was positive for cytokeratin, indi-
cating their fetal trophoblastic source. Afterward, the
bacteria spread rapidly to other trophoblastic regions,
including SYN cells at the villous center in the labyr-
inthine area of the placenta.

In empirical studies involving mice, pregnant mice
were more likely to suffer from LM infection related to
Foxp3" regulatory T (Treg) cells.*” In pregnancy, LM
enhances embryonic damage, gradually leading to fetal
death, primarily by infecting the fetus, or secondarily via
decreasing the fetal tolerance characteristic of Treg cells.*!
The enhancement of inflammatory neutrophils and macro-
phages results in the accumulation of maternal T cells
related to fetal antigens causing fetal death. The CD8"
T cells elevated the CXCR3 level, accumulating CD8"
T cells in the decidua and fetal death,42 which indicates
that systemic listeriosis in pregnancy could be an immune
imbalance related to placental infection.** Compared to
full-term neonates, preterm infants are highly vulnerable
to LM due to reduced immune functionality.*> The asso-
ciation between internalin (InlA) and E-cadherin has
a vital role in passing through the placental barrier for
LM.?® Also, fetal loss due to pregnancy-related LM was
associated with the augment of CXCL9-releasing inflam-
matory neutrophils and macrophages in the placenta,
which induced the transfer of fetal-specific T cells into
the decidua.*? It was considered that dramatically reduced
chemokines at maternal-fetal interface induced the etiol-
ogy of pregnancy-related infection. Theoretically, incre-
menting these cytokines could be implemented as an
efficient immune-related

approach for alleviating

pregnancy diseases.*” Reportedly, the anti-Listeria reac-

tions at maternal-fetal interface relied on colony-
stimulating factor-1 (CSF-1)-mediated macrophages.**
Besides, LM infection diminished heme oxygenase (HO)-
1 and B-cell lymphoma-extra large (Bcl-XL) levels, which
increased cell death in the placenta, ultimately leading to
infective miscarriage.*> The schematic diagram of Listeria

penetrating the placental barrier is shown in Figure 1.

Maternal Clinical Manifestations of
Listeria in Pregnancy

Mothers infected with Listeria could be asymptomatic. If
a pregnant woman exhibits symptoms, the performance is
non-specific in most cases, almost like influenza, with
symptoms such as fever, headache, diarrhea, myalgia, or
4647 The
reports outline that 65-81% of pregnant women have
which is the
manifestation.>****4° The majority of infected pregnant

other digestive-related symptoms. literature

a fever, most common clinical
women would exhibit a temperature above 38°C, yet,
mostly below 39°C. Most importantly, some patients do
not have feverish symptoms, and such cases challenge the
diagnosis of clinicians.'®>%*® If LM access circulations
system, the patient could develop sepsis, with poisoning
symptoms, such as high fever, shiver, and breathing diffi-
culties. The brain natriuretic peptide (BNP) could increase
when cardiac function is involved. Sepsis could induce
multiple organ failure or post-septic shock. However, the
incidence of these two scenarios is low. Moreover, LM
could cause chorioamnionitis. Meanwhile, the bacteria
could hide in the placenta and cause periodic infections,
increasing the difficulty to treat patients.’® LM infection
rarely leads to maternal death, yet, it is related to maternal
primary diseases.'®!

In empirical studies involving mice, if pregnant mice
were infected with LM on the 15th day of pregnancy, it
would be challenging to remove the bacteria in vivo, which
could lead to severe necrotizing hemorrhagic hepatitis in
mice.”? The result indicates that pregnant females could
also have liver involvement. During the physical inspection
process, several patients reported percussion pain in bilateral
renal areas, accompanied by urinary irritation symptoms,
indicative of urinary tract infection or oncoming pyelone-
phritis. The chance of CNS involvement in normal pregnant
females is extremely slight. In fact, most CNS lesions appear

in mothers with suppressed immune systems.>>
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blood culture is negative and the suggested antibiotics are
taken, the decision of whether to continue using antibiotics
should be based on the opinions of infectious experts,
high-risk obstetricians, and neonatal physicians. Besides,
the development of LM takes 36 hours. Meanwhile, the
proportion of positive blood cultures among symptomatic
females is only 36-55%.%°°%¢ Additional test results,
including increased WBC, vaginal smear, or Gram stain,
could also be useful.***7?

Swift discrimination and discovery of LM are also
probable, with the help of serological detection for anti-
listeriolysin, which was secreted by the host against the
bacterium listeriolysin O (LLO).>>’® The host secretes
immunoglobulins that pertain to serotype G, while the
IgM antibody tends to exist temporarily. Anti-LLO IgGs
are positive for a few days after the infection and can last
for several months even after the parturient completes
treatment with sensitive antibiotics, which differs from
the blood culture.”’ The positive rate of IgG antibody in
sera of females with a history of abortion was 35.6% (89/
250), while that was 17.5% (35/200) in women with
a normal childbirth (P = 0.001), suggesting that LM was
related to spontaneous miscarriage.”” The test of anti-LLO
antibodies could be a vital means for serological monitor-
ing if pregnant women with a high-risk factor of listeriosis
show obvious symptoms. On the contrary, it is not sug-
gested for all pregnant women, in particular for females
with atypical symptoms, because the positive rate of ser-
ological antibody is very high in the general population.”
The serum antibody could still be positive for the patients
who have a history of LM infection or have been system-
atically treated, causing unnecessary confusion and stres-
sing the pregnant women and their physicians. Besides, the
obstetrician would find it challenging to deal with such
a positive result because it cannot be diagnosed or ruled
out immediately.

Bacterial culture of placental tissues is the most sensi-
tive method to diagnose maternal-neonatal listeriosis.*® It
should be performed in combination with maternal blood
culture.’® The positive rates of the two tests are 80% and
55%, respectively.’ The culture of neonatal gastric aspi-
rates is also beneficial to determine whether a neonatal
infection exists.*® Placental cultures should be acquired
during delivery. Retrospective placental detection helps
detect additional Listeria infections; however, this patho-
logical biopsy was performed in only half of neonatal
infections.’”* Following Listeria infection, specific changes
could occur in placental tissues, such as extensive

abscesses, or necrosis in small blood vessels.”> Besides
the placental examination, amniotic fluid can be extracted
using amniocentesis. If gram-positive rods are detected in
amniotic fluid, it could be an indicator of Listeria infec-
tion, which is another rapid detection technique.”® The
result of amniotic fluid is also useful as an auxiliary
diagnostic method to guide the treatment.”” In cases that
lack conclusive evidence of maternal-fetal listeriosis, the
listeriosis culture from non-invasive cervical/vaginal
smears could contribute to the diagnosis of fetal
listeriosis.”® Recent research revealed that the positive
rate of culture for cervical or vaginal smears was 26% in
maternal-neonatal listeriosis cases.”® In Iran, 5.5% (22/
400) of vaginal smear samples were confirmed to be
culture positive for LM in normal pregnant females.”
Accordingly, vaginal smear culture can be considered for
pregnant women with high-risk factors during the regular
prenatal examination since this examination is non-
traumatic, easy to operate, and can improve the detection
rate of LM to avoid adverse consequences.

Presently, stool culture is not recommended to detect
Listeria due to numerous Listeria-containing substances in
the environment. Therefore, the possibility of ingestion of
LM and the presence of listeriosis in feces is also high.
Thus, intermittent bacteria carrying or shedding in feces
(about 5% in the general population, but a huge difference
occurs) rarely indicates of an infection.”> Moreover,
a fecal culture of LM is less sensitive, and most labora-
tories are ill-equipped to do tests.

The Treatment of Listeria in

Pregnancy

Two weeks of high-dose intravenous amoxicillin (more
than 6 g/day) is recommended for LM patients without
allergy. Amoxicillin’s safety for the fetus has been verified
conclusively.*™®' It is also suitable if the remedy continues
to the puerperium or starts after delivery. Mainly because
it is safe for newborns during breastfeeding, the relative
infant dose (RID) (the ratio of the drug concentration in
neonatal blood to that in maternal blood) of amoxicillin is
only 0.2-0.5%.%* Typically, adding gentamicin to the med-
ication scheme is also possible, because studies have
shown that gentamicin has a synergistic effect with
amoxicillin.*> However, some specialists have questioned
this usage, primarily based on the toxicity of gentamicin to
the fetus.” Gentamicin combined with ampicillin/amoxicil-

lin could improve the survival rate of invasive LM;
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however, it does not affect intracellular Listeria in
macrophages.*>®* Typically, cephalosporin is commonly
administered to pregnant women to prevent or cure infec-
tious discases, with a significant effect on group
B Streptococcus and Escherichia coli. However, it does
not affect LM.'®%>74

Clinical treatment is difficult if the pregnant woman is
allergic to penicillin or amoxicillin. In such cases, tri-
methoprim with sulfamethoxazole is a secondary line of
medication.’ However, trimethoprim could damage the
fetal heart and nervous system during early pregnancy.®
In that case, erythromycin is suitable for patients allergic
to penicillin, as it does not harm the fetus.***” The only
limitation of erythromycin is that its concentration reduces
after passing through the placenta. Thus, the dosage needs
to be increased. Erythromycin is also available for
breastfeeding.®® Generally, 2-3 weeks of treatment is suf-
ficient for different serotypes of Listeria. However, treat-
ment is needed for 4 weeks if the maternal nervous system
is involved.>™

Limited literature exists regarding drug resistance in
the treatment of LM in pregnant females. One study
reported extremely high levels of drug resistance for clin-
damycin (66.7%), penicillin G (66.7%), amoxicillin
(50%), and vancomycin (50%).*® Thus, high drug resistiv-
ity for medication to manage listeriosis poses a significant
risk to the clinical outcome of Listeriosis-associated preg-
nancies. In contrast, LM separated from patients with
spontaneous miscarriage in Iran was 100% sensitive to
trimethoprim and erythromycin and showed higher sus-
ceptibility to chloramphenicol (88%) and ciprofloxacin
(66.67%).% Moreover, in Poland, it was found that listeria
detected in all instant consumable foods were susceptible
to ciprofloxacin, chloramphenicol, and trimethoprim/
sulfamethoxazole.”® Furthermore, samples of Chinese
food exhibited high sensitivity to ciprofloxacin (90.5%)
and trimethoprim/sulfamethoxazole (57.1%).”!

There is controversy around the possibility of vaccina-
tion against Listeria infection during pregnancy. Prenatal
vaccination with the attenuated LM strains before or dur-
ing pregnancy cannot prevent fetal loss or maternal-fetal
listeriosis.””> However, some reports indicate that nano
vaccines show potential.”

Considering that timely and sufficient antibiotic treat-
ment can improve the prognosis of mothers and infants
significantly, certain physicians have suggested that the
prophylactic use of antibiotics should be considered
among pregnant women with fever and/or gastrointestinal

symptoms.”® It has been suggested that orally administer-
ing amoxicillin or trimethoprim-sulfamethoxazole for one
week during the second or the third trimester is useful for
high-risk pregnant women suspected of Listeria
infection.” However, in 2011, centers for disease control
and prevention (CDC) published a recommended schedule
for clinically treating individuals facing an elevated risk of
invasive listeriosis after consuming foods containing
LM.”° The specialists highlighted that there is no medical
indication for detection and preventive treatment of sus-
pected cases of LM infection, because their probability of
developing into invasive Listeria is rather low.”
Accordingly, the American College of Obstetricians and
Gynecologists (ACOG) stated that there is no indication to
perform blood culture, stool culture, or treatments for
pregnant women who do not show any obvious symptoms,
despite their food was recalled or they were involved in
the epidemic of Listeria infection.?' These views were also
agreed upon in subsequent studies following Listeria out-
breaks in many locations.”®

Terminating the pregnancy to save the mother’s life
should be considered if maternal and fetal conditions
aggravate. Moreover, if the pregnant female has systemic
infections, such as cardiovascular system involvement, or
liver and kidney dysfunctions, the pregnancy needs to be
terminated to save the female. Another case that would
necessitate terminating the pregnancy is if the placental
function decreased or non-stress test showed repeated var-
iant deceleration or late deceleration.*®*%® Considering
the above scenarios, obstetricians should improve aware-
ness regarding Listeria in pregnancy, and early and timely
antibiotic treatment is essential to control the disease.
Simultaneously, patients should be tested accordingly.

Vertical Transmission of Listeriosis

Neonatal Listeria infection is primarily transmitted
through the placenta and rarely infected through close
contact after childbirth or nosocomial infection.'®%*”> In
one case, a pregnant female at her 31 gestational weeks
became infected with listeriosis, and micro-abscess
changes appeared in the endometrium, unfortunately, the
neonate had meningitis and bacteraemia.”” Molecular
detection via random amplified polymorphic DNA
(RAPD) discovered that there are three identical strains
in maternal blood and neonatal blood, providing strong
evidence of vertical transmission.”” In another case of
neonatal septicemia after infection with Listeria, the posi-

tive blood culture result was a further indication of the
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