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Abstract: Listeria monocytogenes is the conditional pathogenic bacteria, and pregnant women are at higher risk of infection due to
depressed immunity. Infection with Listeria monocytogenes in twin pregnancy is rare but devastating, which puts forwards a great
challenge for clinical management. Here, a 24-year-old woman was diagnosed with twin pregnancy, intrauterine death of one fetus and
fever at 29" week of gestation. Two days later, she developed into pericardial effusion, pneumonedema and potential septic shock.
The emergent cesarean delivery was performed after anti-shock treatment. One alive and another dead fetus were delivered. Then, she
developed postpartum hemorrhage after the surgery. Urgent exploratory laparotomy was conducted at the sites of cesarean section and
B-Lynch suture to stop bleeding. The culture of blood and maternal side of both placentas indicated Listeria monocytogenes.
Following anti-infection therapy with ampicillin-sulbactam, she recovered well and discharged with negative result of blood bacterial
culture and normal inflammatory indicators. The patient was hospitalized for a total of 18 days including 2 days in the intensive care
unit (ICU), and the anti-infection treatment was conducted throughout the course. Symptoms of the Listeria monocytogenes infection
in pregnancy are non-specific, which should be paid more attention in case of unexplained fever and fetal distress. The blood culture is
effective for accurate diagnosis. Listeria monocytogenes infection is associated with poor pregnancy outcomes. Close monitoring of
fetal condition, early intervention with antibiotics, timely termination of pregnancy and comprehensive management of complications
are essential for better prognosis.
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Introduction

Listeriosis is a foodborne infection caused by the pathogenic agent Listeria monocytogenes. Listeria monocytogenes
inhibits widely in the environment and could be isolated from soil, water and vegetation; in addition, it is psychro-
philic and capable of surviving at low temperature like in the refrigerator.! Listeriosis is usually transmitted through
contaminated processed and ready-to-eat food. Sporadic cases and outbreak of foodborne listeriosis have been reported
to be caused by dairy products, fruits and vegetables, meat or fish products like deli meats." One prospective study
reported that healthy people had 5 to 9 exposures to Listeria monocytogenes per person per year.” Once ingested food
contaminating with large amounts of Listeria monocytogenes, the innate host-defense system in the digestive system
would be impaired that could further lead to invasive disease.! Epidemiological studies have indicated that infection of
Listeria monocytogenes is rare but relatively lethal. In the United States, the overall annual incidence of listeriosis
ranged from 0.25 to 0.32 cases per 100,000 population from 2004 to 2009, but the fatality rate was high as 18%.’
Furthermore, the annual incidence varied from 0.26 to 0.31 cases per 100,000 population in the period from 2008 to
2016 in the United States.* In Europe, the incidence of listeriosis was 0.42 per 100,000 population in 2020 and the
overall fatality rate was 13.0%.’
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Compared with the general population, pregnant women are at nearly 10 to 20 times risk to the infection of Listeria
monocytogenes due to compromised immunity.® In the United States, the annual incidence of listeriosis in the period
from 2008 to 2016 was 0.23 to 0.27 non-pregnant cases per 100,000 population, but it increased to 2.59 to 4.92 per
100,000 population for pregnant-associated cases.* In Germany, 5576 listeriosis cases have been reported from 2010 to
2019 and pregnancy-associated cases accounted for nearly 9% of them (n = 486) with 241 maternal and 245 neonatal
cases.” Similarly, 5696 patients hospitalized for listeriosis in Spain from 1997 to 2015 and 7% and 4% of whom were
pregnant women and newborns, respectively.® The infected pregnant women are often asymptomatic or manifest with
non-specific flu-like or gastrointestinal symptoms.” However, the diagnosis of listeriosis may be easily ignored due to
non-specific clinical manifestations and infection with Listeria monocytogenes is usually associated with poor outcomes.
One study enrolled 134 pregnant women hospitalized for Listeria infection from 2007 to 2018 in the United States and
found that the risk of severe maternal morbidity was 21.2-time higher in women with Listeria during pregnancy than in
those without, specifically the risk of sepsis (28.1% vs 0.1%, P < 0.001), shock (1.4% vs 0.0%, P < 0.001) and acute
respiratory distress syndrome (2.8% vs 0.1%, P < 0.001)." In addition, maternal infection could be transmitted vertically
to the fetus, leading to fetal or neonatal infection with severe complications like fetal distress, preterm birth, miscarriage
or stillbirth, neonatal sepsis, neonatal asphyxia and meningitis.” Therefore, it remains huge challenge for accurate
diagnosis and timely treatment of Listeria monocytogenes infection.

Here, we report a case of infection with Listeria monocytogenes in twin pregnancy that developed into septic shock
and delivered one alive but another dead fetus. Maternal infection of Listeria monocytogenes in twin pregnancy is rarely
reported but associated with poor fetal outcomes. Besides, this case presented with severe maternal complications, which
are different from commonly reported non-specific symptoms. Therefore, analysis of clinical features of this disease and
our management experience may help clinical management in similar conditions.

Case Presentation

The 24-year-old woman, gravida 2, para 1, was admitted to another hospital at 29" week of gestation for fever of 39.2°C
and right low abdominal pains. She was diagnosed with ovarian cyst at early pregnancy. Doppler ultrasound showed
dichorionic-diamniotic twin pregnancy; both fetuses showed increased fetal heart rate of 164bpm and 180bpm, respec-
tively, indicating the potential intrauterine hypoxia; the latter fetus had a little ascites. White blood cell (WBC) count was
19.85x10%/L, neutrophils 84.9% and C-reactive protein (CRP) 20.22mg/L. Although oral cephalosporin was taken in the
following days, the temperature still fluctuated at 37.5 to 38.6°C. TORCH tests were performed in the first trimester, and
the results were negative, including toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus. The results of
serological status for other pathogens such as syphilis, gonococcus, trichomonad, mycotoxin, human immunodeficiency
virus, hepatitis B virus and hepatitis C virus were also negative.

At 29" week of gestation, she was transferred to our hospital due to intrauterine death of one fetus for half-day. Her
temperature was 36.6°C, and WBC count was 22.14x10°/L, neutrophils 81.6%, CRP 195.76mg/L. Intravenous injection
of cefuroxime sodium and intramuscular injection of dexamethasone sodium phosphate were administered for anti-
infection and promoting fetal lung maturation. On the 2nd day evening, she had chest distress and could not lie flat. The
blood gas analysis revealed PH 7.456, PCO, 28.4 mmHg, PO, 75.7 mmHg, Ca?" 0.94mmol/L, K™ 3.01mmol/L. Nasal
cannula oxygen therapy and supplement with calcium and potassium were prescribed. On the 3rd day morning, chest
distress recurred. Her temperature increased to 39.5°C and blood pressure decreased to 105/59 mmHg. The routine blood
examination showed WBC count 12.6x10%/L, red blood cell (RBC) count 3.71x10'%/L, hemoglobin 80g/L, neutrophils
86.5%, lymphocyte 6.8%. The blood biochemical examination showed Ca®" 2.00mmol/L, K" 3.4mmol/L, Na* 134mmol/
L, albumin 29g/L, brain natriuretic peptide (BNP) 175.0pg/mL. Since there is potential bacterial infection, blood culture
was administered to identify the pathogen. The chest Computed Tomography (CT) indicated cardiac insufficiency and
pulmonary edema (Figure 1). After the consultation of Multi-Disciplinary Treatment (MDT) group, heart failure,
pulmonary edema with infection, respiratory alkalosis with metabolic acidosis and intrauterine infection of Listeria
monocytogenes were considered and anti-infection with ampicillin-sulbactam was started.

On the 3rd day afternoon, there is still hypotension of 102/58 mmHg and hypoxemia of PO, 67.9 mmHg. The
caesarean section was considered to reduce maternal cardiopulmonary burden. On the way to operating room, the patient
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Figure | Chest CT images of the patient on the 3rd day of admission showed enlarged heart shadow, pericardial effusion, ground-glass opacity and patchy consolidation as
well as thickened bronchovascular bundle in bilateral lung.

could not lie flat. Her blood pressure decreased dramatically to 60-70/40—50 mmHg with increased heart rate of 120-140
bpm, indicating there was potential septic shock. After anti-shock treatment, general anesthesia and immediate cesarean
section were conducted. One alive fetus of 1505g was delivered, and the Apgar score at 1, 5 and 10 minutes was 8§, 10
and 10, respectively. The other fetus was dead, and the amniotic fluid was aeruginous. Maternal side of both placentas
and fetal membrane was swabbed for the bacterial culture. The uterus was limp and feeble without any contraction.
Bilateral uterine artery ligation was performed, which effectively reduced intrauterine haemorrhage. Additional B-Lynch
suture enhanced the uterine contraction. After the surgery, the patient was transferred to intensive care unit (ICU) with
blood pressure of 90/60 mmHg, heart rate of 115 bpm and SPO, 93%. According to the instructions of obstetrician,
ampicillin-sulbactam and oxytocin were prescribed for anti-infection and promotion of postpartum uterine involution,
respectively.

However, 1350 mL blood-like liquid was drained from pelvic cavity 4.5 hours after the surgery. Despite hemostasis
therapy like cryoprecipitate and erythrocyte suspension infusion, the potential hemorrhage was not corrected with blood
pressure 98/66 mmHg and hemoglobin 50g/L. Thus, an urgent exploratory laparotomy was performed. The uterus
contracted poorly and blood oozed at the sites of cesarean section and B-Lynch suture, which were corrected by
hemostatic suture and oxytocin injection into the myometrium. A total of 900mL plasma, 1600mL erythrocyte suspen-
sion and 10U cryoprecipitate were infused during surgery, after which the patient’s condition had been improved with
blood pressure 105/75mmHg, heart rate 88bpm, SPO, 99% and hemoglobin 80g/L. Following mechanical ventilation,
hemostasis and anti-infection therapy in the ICU, the patient recovered well with blood pressure 110/78mmHg, heart rate
84bpm, SPO, 100%. Two days after surgery, condition of the patient has improved with the body temperature 36.5°C,
blood pressure 122/81mmHg and heart rate 73bpm. Therefore, she was transferred to the department of obstetrics and
ampicillin-sulbactam was continued for anti-infection.

The result of blood and placenta tissue culture verified Listeria monocytogenes infection. Pathological examination of
the alive fetus showed multifocal fibrinous exudate and focal infarction in the placenta. Meanwhile, the dead fetus
manifested with regional infarction, extensive inflammatory cell infiltration and multifocal abscess in the placenta as well
as acute inflammation and infarction in the fetal membrane. Following treatment with ampicillin-sulbactam for 16 days,
the patient recovered well with no signs of fever. The blood culture revealed negative of bacteria and inflammatory
indicators were normal with WBC count 7.07x10°/L and neutrophils 44%. The patient was discharged on the 18th day of
admission. Results of the laboratory test of the patient during the hospitalization are shown in Table 1.

The survived newborn was admitted to the neonatal ICU (NICU) of our hospital one day after delivery (correspondence
to the 30th gestational week) due to difficult feeding and repeated vomiting. He was diagnosed with neonatal dehydration,
premature and low birth weight infant and suspected of neonatal sepsis and intracranial infection. The lumbar puncture was
conducted to obtain cerebrospinal fluid (CSF) for further examination. And CSF was transparent and yellow but “1+” for
Pandy test. Besides, aerobic cultures of whole blood and CSF showed no colony formation. The brain MRI did not show
any abnormalities. The coagulation function was disordered with prolonged PT (22.0 seconds) and APTT (75.2 seconds) as
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Table | Results of the Laboratory Test
Variable Reference Range, On | Day After | Day Before
Adults Admission Delivery Discharge
Blood routine examination
Hematocrit (HCT, %) 35.0~45.0 30.7 229 28.7
Hemoglobin (HGB, g/L) 115~150 99 80 99
White-cell count (*10%/L) 3.50~9.50 22.14 14.23 9.51
Neutrophils (NEU%) 40.0~75.0 8l.6 85.8 723
Lymphocytes (LYMPH%) 20.0~50.0 10.7 74 21.8
Monocytes (MON%) 3.0~10.0 7.5 6.7 5.4
Eosinophils (EOS%) 0.4~8.0 0.0 0.0 0.3
Basophils (BAS%) 0.0~1.0 0.2 0.1 0.2
Liver function test
Total protein (TP, g/L) 63~82 71 43 56
Albumin (ALB, g/L) 35~50 37 20 29
Globulin (GLO, g/L) 20~40 34 23 27
Aspartate aminotransferase (AST, U/L) 15~46 26 23 25
Alanine aminotransferase (ALT, U/L) 5~69 8 16 26
Alkaline phosphatase (ALKP, U/L) 38~126 185 84 80
Plasma electrolytes
Potassium (K*, mmol/L) 3.5~53 37 3.56 37
Sodium (Na*, mmol/L) 135~150 134 133.7 137
Calcium (Ca*, mmol/L) 2.10~2.55 2.20 .17 2.10
Coagulation function
Activated partial thromboplastin time (APTT, s) 20.0~40.0 30.0 27.6 25.6
Prothrombin time (PT, s) 9.5~15.0 12.3 1.6 10.3
Fibrinogen (FIB, g/L) 1.80~4.00 5.96 2.78 3.58
Others
C-reactive protein (CRP, mg/L) 0.00~10.00 195.76 11.90 0.41
Procalcitonin (PCT, ng/mL) 0.04~0.50 0.27 1.94 <0.05

well as elevated level of D-dimer (553ng/mL). The newborn was treated with anti-infection and nutrition support. His
condition was closely monitored, and several episodes of apnea were presented during the hospitalization. However,
condition of the newborn suddenly deteriorated on the 29th days of admission (at the 34th gestational week) with blood
pressure 74/47 mmHg and SPO, 68%, hs-CRP >5 mg/L, CRP 75.42 mg/L, PCT 13.356 ng/mL. Therefore, the newborn was
diagnosed with neonatal sepsis and treated with meropenem and immune globulin in addition to other supportive
interventions. Furthermore, the newborn presented with feeding refusal and abdominal distension. The abdominal plain

radiography showed multiple sites with gas accumulation in the intestine. The potential neonatal necrotizing enterocolitis
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Figure 2 Chest CT images of the patient 4 weeks after discharge. Compared with the findings on the 3rd day of admission, there was decreased ground-glass opacity and
patchy consolidation as well as thinner bronchovascular bundle in the both lungs. The heart shadow and pericardial effusion as well as pleural effusion were also reduced.

Figure 3 Brain MRI images of the patient 4 weeks after discharge. There were no abnormalities in the morphology of bilateral cerebral hemispheres, cerebellum and brain
stem. The cerebral ventricle did not dilate and cerebral sulci or fissure did not widen. However, shadow of the mucosa of bilateral ethmoid sinus and maxillary sinus was
thickened.

was considered according to the clinical presentations and examinations. Finally, family members of the newborn decided
to transfer to the Department of Pediatric Surgery in another hospital for further therapy.

During the follow-up, the patient had been readmitted with fever at the 4th week after first discharge from our
hospital. Blood tests were performed, which showed an increased WBC count (10.09x10°/L) but a normal neutrophil
ratio (62.8%) as well as normal CRP (15.69 mg/L). The blood culture was performed to verify the potential Listeria
monocytogenes reinfection, but there was no colony formation. The CT scan of the chest indicated relieving of conditions
of the heart and lung (Figure 2). The brain MRI indicated that there were no abnormalities of the brain except for the
inflammation in bilateral ethmoid sinus and maxillary sinus (Figure 3). The timeline of the patient’s disease course since
the admission to our hospital is shown in Figure 4.

Discussion

Listeria monocytogenes is a gram-positive, aerobic and facultative anaerobe that could cause illness in human. As a food-
borne pathogen, it is transmitted mostly through processed and ready-to-eat food such as refrigerated meat, milk and
vegetables. In addition to dietary habits, immunity may be another important factor that influences the susceptibility of
listeriosis. The annual incidence of listeriosis ranges from 1 to 10 per million people worldwide, and pregnant women are
at 16- to 18-fold higher risk of infection than the general population.'' Since listeria monocytogenes could be transmitted
vertically to the fetus, it is alarming that there may be poor maternal, fetal and neonatal outcomes such as miscarriage,

preterm birth, fetal stillbirth, neonatal distress, septicemia, meningitis and central nervous system infection.'?
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Figure 4 Timeline of clinical presentations, examination and treatment of the patient since the admission to our hospital. Key results were: (1) The twin-pregnant women
was admitted with fever for 3 days and one dead fetus; (2) On the 3th day of admission, the patient still had fever and presented with chest distress, breathlessness and
potential septic shock; the cesarean section was performed after anti-shock therapy and one alive newborn was delivered; ampicillin-sulbactam was used since then for the
potential Listeria monocytogenes infection; (3) On the 4th day, severe postpartum hemorrhage occurred and blood transfusion as well as exploratory laparotomy were
conducted to stop bleeding; (4) On the 4th and 6th day of admission, Listeria monocytogenes infection was identified through culture of blood and placenta tissue, respectively;
(5) On the 16th day, the placenta tissue culture found no colony formation; (6) On the 18th day, the patient was discharged; (7) On the 47th day (4 weeks after discharge),
the patient was readmitted with fever. The blood culture result was negative.

Infection with Listeria monocytogenes could occur throughout the pregnancy.'> However, symptom of Listeria
monocytogenes infection in pregnancy is non-specific, which is difficult to be diagnosed accurately. Wu et al'* reported
that the initial clinical symptom of 93 pregnant women with listeria monocytogenes infection was fever (96.8%),
intermittent lower abdominal pain (53.8%), abnormal fetal movement and/or abnormal fetal heartbeat (29.0%). Some
symptoms are usually found in other diseases such as gastrointestinal or respiratory tract infections; thus, listeriosis is
easily neglected. Median time from symptom onset to clinical visit is 3.4 (0.1-19) days.'* Therefore, delay of the
diagnosis may affect subsequent treatment and even cause serious pregnancy outcomes. Symptoms like fever or fetal
distress may indicate Listeria monocytogenes infection and should be paid attention. The etiological detection is essential
for the accurate diagnosis if there was unexplained fever.

Despite the absence or non-specificity of symptoms, maternal infection with Listeria monocytogenes is usually
associated with poor pregnancy outcomes, which is destructive for the fetus and neonates. One prospective study conducted
in France reported that only 5% of pregnant women with listeriosis had an uneventful outcome; more than 80% of pregnant
women with infection had severe complications such as fetal loss (26%, 24/107) and premature delivery before 32
gestational weeks (19%, 20/107)."> The gestational age at the time of maternal listeriosis has a significant impaction on
the fetal outcomes. One cohort study enrolling 166 patients with pregnancy-related listeriosis in Israel found that abortion
was common in the second trimester than in the third trimester (55.3% vs 1.5%), whereas preterm labor (27.7% vs 52.3%)
and abnormal fetal heart rate monitoring (0 vs 22.2%) were less common in the second trimester.'® In addition, incidence of
fetal viability was higher in the third trimester (95.3%) than in the second trimester (29.2%) and one week of pregnancy
increased 33% chance of live birth.'® Maternal listeriosis combined with other complicated conditions put both the mother
and the fetus at higher risk. One study reported that one pregnant woman with listeriosis, sepsis and preterm premature
rupture of membranes delivered a live neonate, but the neonate was dead shortly after birth.'” In addition, several studies
have reported that maternal listeriosis with twin pregnancy is associated with poor outcomes such as septicemia, postpartum
hemorrhage, premature delivery, fetal or neonatal death and infant listeriosis.'>'%!°

Once pregnant women are presumptively exposed to Listeria monocytogenes and have fever higher than 38.1°C with
or without other symptoms, blood and placenta culture, fetal surveillance as well as timely antibiotics are recommended
to minimize potential poor pregnancy outcomes.’® Antenatal maternal antimicrobial therapy has been reported to be
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correlated with lowering the severity of neonatal listeriosis, indicating the necessity of antimicrobial treatment when
there are signs of listeriosis.>' Penicillins are sensitive to Listeria monocytogenes infection, and ampicillin is an effective
drug of choice, whereas cephalosporin antibiotics are not active against it.”> However, cephalosporins are often used
initially for unidentified infection, which may be caused by non-specific symptoms and time-consuming blood culture.
Therefore, it is important for obstetricians to comprehensively consider the patients’ condition and examination results.

There are certain limitations in the current study as follows. Firstly, this study reported the clinical features of one case with
Listeria monocytogenes infection in twin pregnancy, focusing on the dynamic clinical changes and outcomes of the patient.
However, the number of enrolled subjects is too small so that we could not come to the uniform conclusion of this condition,
which should be verified in more patients. Secondly, this study mainly described the clinical presentation and prognosis of the
patient which was rarely reported in clinic but without the evidence proving the direct causality between twin pregnancy and
infection with Listeria monocytogenes. Since Listeria monocytogenes infection in pregnancy may be caused by impaired
immunity, whether twin pregnancy aggravates this impairment and leads to the infection is currently unknown.

Conclusion

Twin pregnancy with the Listeria monocytogenes infection is rarely reported but devastating with poor maternal and fetal
prognosis. Infection of Listeria monocytogenes should be considered if pregnant women had fever and fetal distress.
Timely diagnosis, close monitoring and anti-infection with ampicillin may help to obtain optimal outcomes.
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