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Background: Secondary bacterial infection was initially rare in SARS-CoV-2 infectious disease (COVID-19) patients, but COVID-
19-associated bacterial infectious diseases have recently been increasing. Furthermore, it might be difficult to distinguish COVID-19
from bacterial meningitis by the symptoms, and one might be uncertain about antibiotic therapy for Listeria meningitis infection—
typically caused by eating contaminated food—in elderly persons and pregnant women.

Case Report: A 96-year-old woman who had been living alone was found to have SARS-CoV-2 infection in February 2023. She was
admitted to our hospital with high fever and disturbance of consciousness and was started on treatment with remdesivir. Two days
later, her consciousness was still disturbed, and she was found to have a stiff neck. In addition, increased white blood cell counts and
C-reactive protein suggested bacterial infection. Therefore, a lumbar puncture was done, and Listeria monocytogenes was ultimately
isolated from blood cultures and its genetic material was detected in cerebrospinal fluid. She had previously eaten refrigerated food and
cheese products. Intravenous ampicillin 1.0 g 6x/day was started, but one week later, loss of consciousness continued, and the
cerebrospinal findings were not improved, although nasal swab became negative for SARS-CoV-2. Intravenous sulfamethoxazole/
trimethoprim (ST) 80/400 mg 3x/day was added, and her consciousness and fever improved by one week later. A drug rash appeared
after ST was started, and she was switched to meropenem. Her condition finally improved.

Conclusion: COVID-19-associated secondary listeria infection was found in an elderly woman. She was treated with not only
ampicillin, but also ST and meropenem. Meningitis caused by Listeria monocytogenes should be considered as a secondary
complication and carefully treated with antibiotics during the period of the COVID-19 pandemic.
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Introduction

SARS-CoV-2 virus coronavirus infectious disease (COVID-19) has been a significant issue, and treatment of COVID-19,
including its associated secondary bacterial infections, has become a problem recently because omicron subvariant BA.5,
which is not very pathogenic, but shows high infectivity, has prevailed in Japan and caused increased mild to moderate
bacterial infections in elderly persons around 2022.'-

The antimicrobial stewardship was considered important and was emphasized around 2020, the early stage of the
COVID-19 pandemic, because secondary bacterial pneumonia was suggested to be at a low rate, only 3% to 15%.>* It
was therefore thought that pure viral pneumonia was dominant in COVID-19, although secondary bacterial pneumonia
was common in influenza, and more than 30% of influenza patients were co-infected with bacteria.” The antibiotics were
used excessively and the appearance of antimicrobial resistant pathogens has been worried. Recently, however, we might

have to use antibiotics in the BA.5 period in the same manner as for influenza.'~
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In addition, not only pneumonia, but also other invasive infectious diseases including meningitis were considered as
COVID-19-associated bacterial infections in the omicron era, although the rate of bacterial meningitis was also decreased
in the early phase of the COVID-19 pandemic.®” It has been reported that the omicron variant of SARS-CoV-2 induces
more symptoms in the upper respiratory tract than in the lower respiratory tract, and this form of “common cold” could
lead to inflammation of the Eustachian tube and the oropharynx, and such dysfunction enhances the migration of bacteria,
such as Haemophilus influenzae and Streptococcus pneumoniae to the middle ear, causing otitis media, which in turn
could lead to further complications including acute meningitis and mastoiditis.®

Listeria monocytogenes is a Gram-positive bacillus and facultative intracellular bacterium, and listeriosis is
considered to be among the most common bacterial foodborne infections.® The large majority of listeriosis cases are
sporadic, but outbreaks occur after contamination of soft cheeses or ready-to-eat food, and L. monocytogenes was
discovered on at least one food specimen in the refrigerators of 64% of 123 patients with L. monocytogenes
infection.® In recent years, an increasing rate of listeriosis has been reported, particularly in pregnant women, aged
people and patients receiving immunosuppressive treatment. In addition, there was a mortality rate of up to 30%
with neurological involvement.® With the exception of natural in vitro resistance to older quinolones, fosfomycin,
and expanded-spectrum cephalosporins, ampicillin (ABPC) has been regarded as the key therapeutic drug against
L. monocytogenes as the bacterium is widely susceptible to clinically relevant classes of antibiotics active against
Gram-positive bacteria.®

In this case report, a healthy, elderly woman who developed COVID-19-associated secondary bacterial meningitis
caused by L. monocytogenes, which was isolated from the blood and its genetic material detected in cerebrospinal fluid
(CSF), is described. Her initial SARS-CoV-2 antigen (Ag) was low and blood data showed highly increased white blood
cell (WBC) and C-reactive protein (CRP) counts at admission suggesting SARS-CoV-2 infection followed by secondary
L. monocytogenes infection. She was treated by remdesivir then ABPC, but additional sulfamethoxazole/trimethoprim
(ST) was needed. Finally, treatment with meropenem (MEPM) was successful, although a drug rash had appeared by ST
administration.

Case Presentation

A 96-year-old woman with mild hypertension had been living alone, but then developed general malaise and loss of
consciousness in February 2023. Her nephew, who visited her house once a week, found her and brought her to the
emergency department. She had been vaccinated three times for SARS-CoV-2 with BNT162b2 (Pfizer/BioNTech),
and the third vaccination was about six months earlier. Green salad, cheese and other refrigerated products were her
favorite foods. However, she became positive for SARS-CoV-2 on polymerase chain reaction (PCR, Cobas SARS-
CoV-2, Roche, Basel, Switzerland) test, and her temperature was high (38.9°C) at that time (day 0). We were unable
to confirm the specific variants of the detected virus from her nasal swab; however, omicron was the dominant
variant and accounted for all cases in Japan at the time. Therefore, her variant was suggested to be the omicron
variant.

Laboratory data on admission to our hospital were as follows: WBC count, 18.65 x 10°/uL, with 91.5% neutrophils,
5.5% lymphocytes, 2.8% monocytes, 0.0% cosinophils, and 0.2% basophils; hemoglobin, 16.5 g/dL; platelet count, 25.3
X 103/uL; serum creatinine, 0.71 mg/dL; blood urea nitrogen, 26.6 g/L; aspartate aminotransferase (AST), 31 U/L;
alanine aminotransferase (ALT), 14 U/L; and CRP, 4.226 mg/dL. Arterial oxygen saturation (SpO,) was 97% (normal)
and no shadows were found on chest computed tomography (CT). SARS-CoV-2 Ag by nasal swab was positive, but at
a low titer, 1.77 IU (Cobas SARS-CoV-2 Ag, Roche).

According to the treatment protocol for admitted COVID-19 patients in our hospital, remdesivir (Gilead, Foster City,
CA, USA) drip infusion for 5 days was started as the antiviral therapy. On day 2, her high fever continued, and SARs-
CoV-2 Ag was still positive, but not increased (1.24 IU). Meningitis was then suspected because she also had a stiff neck
and because of her laboratory data at admission, such as increased WBC and CRP counts. Thus, CSF examination was
performed. The CSF was yellow and cloudy, suggesting bacterial meningitis (Table 1). On the same day, the character-
istic short Gram-positive rods that occur singly or in short chains were found in the blood culture bottle and
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Table | The Time Course of Cerebrospinal Fluid Improvement

Day 2 Day 9 Day 17

Appearance Cloudy Cloudy Clear
Color Yellow Yellow Slight yellow
Specific gravity 1.012 1.013 1.007
pH 84 82 8
RBC 1350 560
WBC (/mL) 488 584 148
Multinuclear (/mL) 416 578 148
Mononuclear (/mL) 72 8 0
Protein 1090 1305 NA
Sugar 38 104 50
Chlorine 101 104 107
Multiplex PCR Listeria monocytogenes NA NA

Abbreviations: RBC, red blood cell; WBC, white blood cell; PCR, polymerase chain reaction;
NA, not applicable.

L. monocytogenes was identified (Figure 1). Although L. monocytogenes was not isolated from the CSF, its RNA was
detected in the CSF by a multiplex PCR system (FilmArray, Biomerieux, Lyon, France).

Because ABPC is considered as the standard antibiotic for listeriosis® and is effective for isolated L. monocytogenes
(Table 2), ABPC 1.0 g 6x/day intravenously was started after consultation with the antimicrobial stewardship team. Even
though her renal function was normal and she might have tolerated a higher dosage, her body weight was only 29 kg.
One week later, her fever and loss of consciousness were prolonged. The second CSF analysis on day 9 also did not show
improvement. Therefore, ST 80/400 mg 3x/day intravenously was added after consultation with the antimicrobial
stewardship team. The synergic effects of the combination of ABPC and ST were not confirmed by the checkerboard
method in vitro;”'® however, we expected the additional effects of ABPC followed by ST rather than either ABPC or ST
alone. Her consciousness and fever improved more than one week later (day 16); CSF also improved, but a drug rash
appeared that day. Both ABPC and ST were suspended for a week, and MEPM 1.5 g 3x/day was administered
intravenously from day 23 after consultation with the antimicrobial stewardship team. One week later (day 30), the
planned 21-day antibiotic therapy was completed, and the patient was finally moved to a chronic care hospital for

rehabilitation.
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Figure | Gram stain findings of Listeria monocytogenes isolated from blood culture. Numerous chains of Gram-positive rods are visible but are Gram-variable, and some
bacilli resemble Gram-negative rods.
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Table 2 Antibiotic Susceptibilities

Listeria monocytogenes

for the lIsolated

MIC S/IR
PCG 0.5 S
ABPC 0.5 S
AMPC/CVA <1/0.5
PIPC >|
CTM >2
CTX >2
CTRX >2
CFDN >|
CFPN >2
IPM 0.25
MEPM 0.5
GM <4
EM 0.25
CAM <0.25
AZM >|
CLDM >2
TFLX |
LVFX 4
MINO <0.25
VCM |
ST <0.25/4.75 S

Abbreviations: MIC, minimum inhibitory concentration; S/I/R, sus-
ceptible/intermediate/resistant; PCG, penicillin G; ABPC, ampicillin;
AMPC/CVA, amoxicillin/clavulanic acid; PIPC, piperacillin; CTM,
cefotiam; CTX, cefotaxime; CTRX, ceftriaxone; CFDN, cefdinir;
CFPN, cefcapene; IPM, imipenem; MEPM, meropenem; GM, genta-
mycin; EM, erythromycin; CAM, clarithromycin; AZM, azithromycin;
CLDM, clindamycin; TFLX, tosufloxacin; LVFX, levofloxacin; MINO,
minomycin; VCM, vancomycin; ST, sulfamethoxazole/trimethoprim.

Discussion

L. monocytogenes is an important cause of bacteremia and meningitis in both immunocompetent and immunocompro-
mised patients, and it has poor prognosis and high mortality in spite of the available appropriate treatment by
antibiotics.!" Although L. monocytogenes is a rare pathogen, it is known that outbreaks caused by eating food, including
soft cheeses, celery, sprouts, cantaloupe, and ice cream, contaminated with the bacterium L. monocytogenes have
sometimes been reported.'>'* Pregnant women could be more susceptible to listeria infection, similar to newborns,
adults aged 65 years or older, and people with weakened immune systems.'>

In this report, a patient infected with L. monocytogenes after COVID-19 infection was described. She had been
healthy and immunocompetent, but aged and possibly weakened by SARS-CoV-2 infection. Thus, secondary co-infection
with L. monocytogenes became severe. SARS-CoV-2 is known to suppress the immunological reaction, including
neutrophil functions.'® This case might be due to secondary infection rather than simultaneous co-infection because
SARS-CoV-2 Ag values were relatively low, and laboratory data, such as increased WBC and CRP counts suggested
bacterial infection at admission. The SARS-CoV-2 might have peaked by admission, and then the secondary bacterial
infection became dominant.

Furthermore, it has been suggested that SARS-CoV-2 virus dysregulates the blood-brain barrier (BBB) by modula-
tion of the virus receptors mainly located on vessel endothelium, such as angiotensin-converting enzyme 2 (ACE2) and
the transmembrane protease serine subtype 2 (TMPRSS2).!”'® The bacteria could invade the central nervous system via
hematogenous spread from the digestive tract.'""'> The patient ate refrigerated green salad and cheese frequently, and she
might have been infected by L. monocytogenes after being weakened by the infection with SARS-CoV-2. We should have
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been aware of the possibility of secondary bacterial infection from the laboratory data including WBC and CRP on day 0.
However, there were a lot of COV19 patients and we repeated the treatment protocol with remdesivir without antibiotics
for all admitted patients routinely because secondary bacterial infection is usually rare.>* We should consider the
possibility of secondary bacterial infection in COVID-19 patients in the future.

In addition, L. monocytogenes is notably resistant to cephalosporins, and benzylpenicillin or aminopenicillin alone or
in combination with ST or gentamycin has been considered as the standard antibiotic treatment regimen for infections of
L. monocytogenes,"® but additional aminoglycoside, clinical failure and increased adverse effects have been reported.?%!
Furthermore, we could not confirm the patient’s hearing ability, which is typically affected by aminoglycosides due to
high penetration of the CSF;*? therefore, we used ST in addition to ABPC alone. MEPM was considered and required
permission from the antimicrobial stewardship team because it is a broad-spectrum antibiotic; however, it showed good
MIC for the isolated L. monocytogenes (Table 2) and was used for the patient.

In the present case, treatment started with ABPC, but her condition and CSF features did not improve (Table 1).
Therefore, ST was added after one week of treatment with the ABPC alone, and she showed significant improvement of
her mental status, stiff neck, and fever. Additional ST, but not aminoglycoside therapy, was selected, because there was
good susceptibility to ST, but susceptibility to aminoglycosides was unclear in vitro, and gentamycin showed relatively
high MIC, suggesting clinical resistance (Table 2). L. monocytogenes is a known intracellular pathogen, and has shown
natural resistance to older quinolones, fosfomycin, and expanded-spectrum cephalosporins, although ABPC, ST and
carbapenems including MEPM have been effective.® Our measured MIC data also supported these previous data because
ABPC, ST, and MEPM showed relatively low MIC, and the cephalosporins, aminoglycosides such as gentamycin, and
quinolones including tosufloxacin and levofloxacin showed relatively high MIC (Table 2).

Furthermore, some reports recommended avoiding aminoglycoside use because of increased mortality in the ABPC
-+aminoglycoside group, compared with the ABPC alone group.’®?' In addition, it was reported that sulfamethoxazole
demonstrated variable and generally bacteriostatic activity, but trimethoprim showed bactericidal action that was
generally potentiated by sulfamethoxazole even when isolates were resistant to sulfamethoxazole alone against
L. monocytogenes.> Successful results of the treatment of refractory listeria meningitis and bacteremia with ST were
also reported in an immunocompetent child.?* These results suggested that ABPC+ST, rather than ABPC-+aminoglyco-
side and ABPC alone, should be used in the treatment of listeria meningitis and bacteremia with refractory and/or severe
listeria infections, including COVID-19-associated secondary infection cases. Although ST is known to frequently induce
side effects including drug rash, patients can be treated with other antibiotics, such as carbapenems including MEPM."°

There are some limitations in this case report. It is unclear whether SARS-CoV-2 and L. monocytogenes infections
occurred simultaneously; however, the SARS-CoV-2 antigens at admission were decreased and symptoms of meningitis
and inflammatory markers including WBC and CRP were increased. Therefore, it is suggested that SARS-CoV-2
infection occurred first, and then L. monocytogenes infection occurred secondarily. In addition, we could not determine
whether some other candidate antibiotics for L. monocytogenes, including aminoglycosides, were effective or not because
there are no standard protocols although we measured the MIC. Further study and analysis will be needed in the future.

Conclusions

The case of an elderly woman with COVID-19 who developed secondary severe meningitis and bacteremia caused by
L. monocytogenes was described. She regularly ate green salads made from refrigerated vegetables and soft cheeses, and
might have been weakened and immunodepressed by SARS-CoV-2 infection. Treatment with ABPC alone was
ineffective, but additional ST improved her physical condition and laboratory data including CSF inflammation, similar
to previous reports. However, MEPM was used because of the drug rash induced by ST and/or ABPC. We should be
wary of COVID-19-associated secondary bacterial infection in the omicron variant era, and select combination therapy of
ABPC with ST, or alternatively carbapenems, for severe listeria infections.

Ethics

This case report and the related studies were approved by the Institutional Review Board of Saitama Medical University
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specimens were used provided written, informed consent to have her case details and any accompanying images

published. The Declaration of Helsinki was also adhered to in this case presentation.
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