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Background: Listeria monocytogenes meningoencephalitis (LMM) is a rare but dangerous infection of the nervous system. This
study intends to summarize and discuss the clinical features, diagnostic methods, treatment, and outcomes.

Methods: LMM patients treated in the First Affiliated Hospital of Zhengzhou University from June 2013 to December 2022 were
retrospectively studied. The clinical data, magnetic resonance imaging (MRI), biochemical and hematological parameters, pathogen
tests, treatments, and outcomes information were collected and summarized.

Results: Ten LMM patients were enrolled in this study. Three were female and seven were male, with a mean age of 54.5 years old.
Seven (70%) of the patients had chronic conditions that either affected the liver (1 case), heart (1 case), or immune system (5 cases).
The main clinical manifestations were fever (100%), headache, (60%), and disturbance of consciousness (60%). Out of the nine
patients taken MRI, enhanced magnetic resonance imaging was observed with cerebral parenchyma and meningeal enhancement in 3
patients, whereas six patients showed non-specific abnormal signals and brain edema. Seven (70%) patients were positive for
L. monocytogenes by bacterial culture and five patients were positive by further next-generation sequencing (NGS) test in CSF. All
patients were treated with antibiotics based on antibiotic sensitivity tests or experience, with seven (70%) improved but three (30%)
died within one month.

Conclusion: LMM patients have a high mortality rate. Considering the time and reliability of NGS reports, it would be better to
identify L. monocytogenes infection in the CSF than bacterial culture. While, after diagnosis, giving timely and appropriate antibiotics
would still be a challenge to achieve good outcomes.
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Introduction

Listeria monocytogenes (L. monocytogenes) infection, also called Listeriosis, has been listed as one of the major
foodborne diseases by the World Health Organization due to its high rate of hospitalization, intensive care unit (ICU)
admission, and mortality." L. monocytogenes affects mostly old people with immunodeficiency, newborns, or pregnant
women. The case-fatality risk ranges from 20% to 30%.%*

Patients with underlying illnesses, immunotherapeutic medication use, or compromised cellular immunity are at risk
for developing meningoencephalitis from L. monocytogenes, as so-called Listeria monocytogenes meningoencephalitis
(LMM).” The clinical manifestations of LMM are usually atypical, thus interfering with diagnosis® and affecting the
course of treatment.

Central nervous system infection may cause severe consequences. Timely and correct antibiotic medication is
essential for an ideal therapeutic treatment. Empirically, Broad-spectrum antibiotics that can pass through the blood—
brain barrier, such as vancomycin and meropenem, could be adequate for killing both gram-positive and negative
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bacteria.” Cephalosporin is another type of broad-spectrum antibiotic that is commonly used for infections, especially
when the meninges are affected. It is more important to choose or switch the antibiotics immediately after the pathogen
and antimicrobial susceptibility test is known, especially when empiric treatment is ineffective. As gram-positive
bacteria, Listeria monocytogenes exhibit natural resistance to most cephalosporin antibiotics. Thus, when treating
infections induced by Listeria, the antibiotics commonly chosen are ampicillin or gentamicin, but not cephalosporin.

Miao et al compared mNGS and culture, using plasma, sputum and bronchoalveolar lavage fluid from patients with
infectious diseases. The authors found that the sensitivity and specificity of mNGS for diagnosing infectious disease were
50.7% and 85.7%, respectively, and these values outperformed those of culture. Although many pathogens were detected,
Lm was not detectable in this study.® Yao et al reported 3 cases of Listeria encephalitis, relying on the detection of Lm in
CSF by NGS, from whom the CSF yielded negative by culture.” Similarly, other LMM cases were diagnosed with this
approach.'®!" In all these studies, samples were collected for bacterial cultures directly, while the DNAs were extracted
for NGS tests. Although small cases were included, these reports indicate a promising approach for a better way in LMM
diagnosis.

Clinically, the diagnosis of LMM relies on detecting of L. monocytogenes in cerebrospinal fluid (CSF), with a bacteria
culture test. However, the sensitivity of this test might be an issue, especially for the cases that are still in the early stage
or have already received antibiotic treatment. Increased usage of the Next-generation sequencing (NGS) methodology
has been observed for the identification of bacterial and viral infections in recent years, which theoretically is more
sensitive for the early diagnosis of LMM. So far, only a few instances with distinct NGS diagnoses have been
reported.® !

Due to the rarity of the illness, few studies focused on the prognosis-predicting factors of LMM. Still, it has been
reported that age, solid-organ malignancy, cardiovascular disease, liver disease, immunosuppression and sepsis were
12:13 which are highly linked with the risk factor of developing LMM.
Furthermore, Lim et al reported that patients with delayed antibiotic therapy and fatal underlying disease were related to
increased mortality of LMM.'*

Here, we presented the demographic information, clinical characteristics, imaging findings, treatment and outcomes

independent mortality risk factors for Listeriosis,

of 10 adult LMM patients from a single medical center. With a focus on the diagnosis approaches and antibiotics usage
strategies.

Materials and Methods

Patient and Grouping

Patients with LMM were enrolled from June 2013 to December 2022 at the First Affiliated Hospital of Zhengzhou
University (Figure 1) A bacterial culture or NGS detection of L. monocytogenes in cerebral fluid met the inclusion
diagnostic criteria.>'® Ten patients with complete baseline data were eventually included in the study. The study was
approved by First Affiliated Hospital of Zhengzhou University’s Ethics Committee (approval no. 2021-KY-0951-002).
All the participants provided written informed consent prior to enrollment.

Data Collection

The medical record department of the First Affiliated Hospital of Zhengzhou University collected basic information,
medical history, and examination information for each patient. The main statistical data included demographic informa-
tion, clinic features, magnetic resonance imaging (MRI), laboratory tests (CSF bacteria culture and NGS, drug sensitivity
test results), treatment, and outcome.

All patients’ bacteria culture (ten patients) were tested in the microbiology laboratory following the Clinical and
Laboratory Standards Institute guideline (Bacterial Culture and Identification: Once samples are collected, they are
inoculated onto a nutrient-rich medium. After observing the growth of the bacteria, the VITEK 2 compact automatic
microbiological identification instrument is employed for precise identification and antibiotic sensitivity testing). Under
culture conditions at 37°C, Listeria monocytogenes typically forms visible colonies on blood agar or chocolate agar
within 24-48 hours. However, in some instances, especially with clinical samples, a longer period, such as 72 hours or
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Figure | Flowchart for the diagnosis and treatment of Listeria meningitis.

more, might be required to detect bacteria at low concentrations. For samples taken directly from patients, like
cerebrospinal fluid or blood, especially if a Listeria infection is suspected, it is generally recommended to maintain
the culture for at least 5 days to ensure sufficient time for bacterial growth.

The NGS results were tested by high-throughput Measurement platform of Henan Gene Hospital, the First Affiliated
Hospital of Zhengzhou University. Cerebrospinal fluid (CSF) samples are collected using strict aseptic techniques while
avoiding blood contamination. Specimens should be stored aseptically, free from disinfectants and preservatives, unconta-
minated, well-sealed, and in transparent material, and transported under cold chain conditions. The mNGS testing process
includes specimen handling, nucleic acid extraction, library preparation, sequencing, data processing, sequence alignment,
removal of human sequences, microbial annotation, and reporting. The entire testing system has a comprehensive quality
control scheme and parameters. The pathogenic microbial database used for alignment and annotation should be as complete,
precise as possible, and regularly updated. It is essential to validate the analytical performance of the testing process to ensure

the accuracy of the reported results.

Results

Demographic Data and Clinical Features

Ten LMM patients were included in this study (Table 1). Three were female and seven were males, with a mean age of
54.5 years old (ranging from 36 to 70 years old). Seven (70%) of the patients had chronic conditions that either affected
the liver (1 case), heart (1 case), or immune system (5 cases). Three predominant clinical symptoms were fever (100%),
headache (60%) and disturbance of consciousness (60%).

Imaging Features
Six patients have non-specific abnormal signals and brain edema in cranial MRI, which may be complicated with
hydrocephalus. Three cases showed with cerebral parenchyma and meningeal enhancement on enhanced MRI. All

imaging findings indicate intracranial infection; the representative results are shown in Figure 2.
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Table I Demographic Data and Clinical Characteristics of Listeria
Meningoencephalitis

Total
Patient 10
Gender (female) 3
Age (year) 54.5 (36-70)
Fever 10 100%
Headache 6 | 60%
Disturbance of consciousness 6 | 60%
Convulsion | 10%
Hypertension disease | 10%
Diabetes | 10%
Drug-induced liver injury | 10%
Graves’ disease | 10%
Immune-mediated inflammatory diseases 4 | 40%

L. monocytogenes Detection in Blood and Cerebrospinal Fluid, Treatments, and Outcomes
All 10 patients underwent cerebrospinal fluid bacterial culture testing. Seven tested positive, and 3 tested negative. Those
who tested negative underwent further examination, and the NGS (CSF) revealed positivity for Listeria monocytogenes.
Among the 7 patients who tested positive, 2 also underwent NGS testing and the results were positive (Table 2 and
Figure 3). Besides the CSF test, eight patients underwent blood bacteria culture test and one NGS. Three patients’ blood
samples showed L. monocytogenes growth, of which two were negative by bacteria culture but positive by NGS in CSF.

In terms of the report time, it can be seen that NGS (next-generation sequencing) detection methods are mostly
completed within 24 hours (19h ~ 22h), in contrast to bacterial culture, which is typically concentrated around 48 hours
(30h ~ 47h). This greatly reduces the detection time, and more conducive for patients to change their treatment plan.
Moreover, in the cerebrospinal fluid test of the patient 1 and patient 2, Listeria monocytogenes was simultaneously
detected by both NGS and bacterial culture, confirming the accuracy of each method.

Penicillin G, amikacin, ampicillin, Meropenem, and sulfamethoxazole were all shown to be effective against
L. monocytogenes in vitro drug sensitivity tests in 5 patients. In the actual clinical practice, different antibiotics were
applied empirically first, and the treatments were adapted to sensitive antibiotics when no improved observed after the
drug sensitivity tests (Table 2, Patients 2—4, Patient 9) or switched to other antibiotics based on experience if not
sensitivity test available (Table 2, Patient 1, Patient 5, and Patient 7). During the medical treatment process, patients who

Figure 2 MRI results before treatment as representative of meningoencephalitis. (A and B) Blue arrow: Multiple abnormal signals can be seen in the brain of the same
patient (Patient 6, T2 flair). (C) Red arrow (Patient 9, contrast-enhanced MRI brain imaging, T2 flair): Linear enhancement can be seen. (D) Red arrow (Patient 10, contrast-
enhanced MRI brain imaging, T2 flair): Circular enhancement around the lesion.
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Table 2 Individual Patient’s Bacterial Culture and NGS Test Results, Antibiotic Treatment and Outcome

Patient Blood CSF Antibiotic Treatment Outcome
Bacteria Culture | Time* | NGS | Time* | Bacteria Culture | Time* | NGS | Time* | Last Time Last Time
Patient | n/a + 19h 35h + 19h Ceftazidime (2 days) — | Ampicillin+Meropenem (14 days) | Death
Patient 2 - n/a + 3%h 21h Biapenem (3 days) — | Piperacillin (18 days) Improved
Patient 3 + 32h n/a - 22h Moxifloxacin (3 days) | — | Ampicillin (14 days) Improved
Patient 4 - n/a + 47h n/a Piperacillin (7 days) — | Meropenem (21 days) Improved
Patient 5 + 37h n/a + 30h n/a Piperacillin (5 days) — | Meropenem (21 days) Death
Patient 6 - n/a + 38h n/a Biapenem (14 days) Improved
Patient 7 - n/a + 45h n/a Piperacillin (7 days) — | Ampicillin+Amikacin (14 days) Improved
Patient 8 n/a n/a + 43h n/a Ampicillin (13 days) Improved
Patient 9 + 41h n/a - + 22h Biapenem (3 days) — | Meropenem (21 days) Death
Patient 10 - n/a - + 20h Meropenem (15 days) Improved

Note: Time*: Positive time of the report.
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Figure 3 Genome coverage map of Listeria monocytogenes (patient |): The total base number of this species sequence is 1725 (bp), and the total length of this species
sequence is 1589 (bp). The coverage is 0.053965%, and the average depth is 1.090X.

passed away had complex conditions. In the early stages of treatment, bacterial meningitis was suspected, and empirical
drug treatment was applied. After receiving the bacterial culture results for cases 2, 3, 4, 8, and 9, cases 2 and 3 switched
to penicillin-based medications. Case 8 was empirically treated with penicillin-based medication, so no change in
medication was made. Patients in cases 4 and 9 had infections in other organs, thus carbapenem drugs were chosen
for treatment.7 patients improved after the treatment while 3 patients passed away within 4 weeks after the admission.
Respiratory failure was the ultimate factor in the deaths of all patients.

Discussion

Listeria monocytogenes infection is thought to be the most severe food infection illness because of high pathogenicity,
and high fatality.'” In this current study, we reported 10 patients with LMM, 70% of them had chronic conditions linked
with the risk factors previously reported.'>™'* Only 30% of the patients showed abnormality in MRI. Notably, 50% cases
were diagnosed based on the NGS, which might be missed by traditional bacteria culture. Although with antibiotics
usage according to the antimicrobial susceptibility test, 30% cases passed away within one month of admission.

L. monocytogenes is an intracellular conditional pathogen that once individuals infected, the clearance of the bacteria
mostly relies on T-cell-based cellular immunity.'® So patients with cellular immunodeficiency have high risk to get
infected.!” About 68% of adult patients with LMM have immune system-related disease,'® similar findings were showed
in the current study. This study identified no pregnant cases, which was in conformity with the previous results that
pregnancy-related LMM is uncommon.’

Bacterial culture is the gold standard for diagnosing L. monocytogenes infection. However, this approach is time-
consuming and insensitive, especially when applying to CSF culture.'**° Particular polymerase chain reaction (PCR) has
been recommended to identify viral encephalitis.>! However, the application of PCR for detecting L. monocytogenes in
the central nervous system has not gained widespread acceptance in China.?> Sample-to-answer turnaround time for PCR
is usually less than twelve hours, and it depends on the causative agent’s identity. In order to test different uncommon
infections, Specific PCR poses challenges.”> In order to identify microorganisms and get beyond the constraints of
focused molecular diagnostic techniques, NGS has been developed.® A prospective multicenter study has shown that
NGS is more effective and precise in detecting central nervous system infections than conventional bacterial cultures.”®
Additionally, with the advancement of technology, the time it takes for NGS to produce findings can be cut in half to just
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two days.”> In theory, many types of central nervous system infections can be identified, which can be applied to
diagnose patients with critical and complex infections.>* 2 In this study, L. monocytogenes infection was considered to
be intracranial because L. monocytogenes was discovered following application based on NGS but was not detected in
the bacterial culture of cerebral fluid in three patients. Regardless of the great sensitivity, NGS also has certain limits that
clinicians should interpret the results cautiously.

In practical sample testing, especially in complex samples, the purification and enrichment of target bacterial DNA is
crucial for enhancing detection sensitivity, even when constrained by the number of bacteria present in the original sample.
Due to variations in sequencing platforms, library preparation methods, and sample complexity, more starting material might
sometimes be required. When employing metagenomic methods, particular attention must be given to its sensitivity,
specificity, and reproducibility of measurement, as these elements restrict its application range. Standardization of the
metagenomic workflow, including bioinformatics processing, is essential and requires validation. This not only contributes to
the accuracy of microbial monitoring models but also ensures their consistency in a globalized context.?’

Timely and correct antibiotic usage is essential to cure the disease.”® Mostly, treatments are selected based on
antibiotic sensitivity tests or experience. Cephalosporins are naturally resistant by L. monocytogenes, the first
therapeutic option is either ampicillin or penicillin.?® Vancomycin and sulfonamides are options for patients who
are allergic to penicillin.**>' Meropenem was chosen empirically or when the patients did not respond to the other
antibiotics used at the beginning. However, all the 3 patients who passed away switched to meropenem in the last
stage. It was consistent with other studies, which may indicate an inadequate empiric antibiotic therapy and the
definitive therapy with meropenem could not reverse the course of the disease anymore.*”

This study has several limitations: 1) As a retrospective study, descriptive data was ported and discussed as the core
of the current study, a strict methods comparison is needed in detecting L. monocytogenes to reveal the sensitivity and
specificity of NGS.

Conclusion

LMM patients have a high mortality rate. Considering the time and reliability of NGS reports, it would be better to
identify L. monocytogenes infection in the CSF than bacterial culture. While, after diagnosis, giving timely and
appropriate antibiotics would still be a challenge to achieve good outcomes.
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