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Background: Listeriosis is caused by the facultative anaerobic bacterium Listeria monocytogenes. Infection from Listeria-
contaminated food or water is the main etiology. If Listeria travels outside the intestines, it can cause invasive listeriosis, such as
sepsis, meningitis, and meningoencephalitis. Invasive illness is especially dangerous for pregnant women and their newborns, elderly
people, and people with compromised immune systems or medical conditions such as end-stage kidney disease (ESKD) patients
receiving long-term dialysis.

Purpose: Describe the manifestations and hospital outcomes of invasive listeriosis and identify the risk factors for in-hospital and
one-year mortality in ESKD patients receiving long-term dialysis.

Patients and Methods: This retrospective observational study examined hospitalized patient records at a Taiwanese tertiary medical
center from August 1, 2000, to August 31, 2021. ESKD patients on chronic dialysis were identified with invasive listeriosis by blood
culture and discharge diagnosis. Over 21 years, we accurately recorded 26 cases.

Results: ESKD patients on chronic dialysis with invasive listeriosis have a poor prognosis. Only 53.8% of chronic dialysis patients
with invasive listeriosis survived their first hospital episode. 42.3% of hospitalized ESKD patients with invasive listeriosis survived
one year later. In univariate analysis, shock, tachypnea (RR > 22), respiratory failure, qSOFA score > 2, and lower initial platelet count
were linked to greater in-hospital mortality rates.

Conclusion: ESKD patients with invasive listeriosis have a grave prognosis. Our research reveals that an early blood sample for
a bacterial culture may identify invasive listeriosis in chronic dialysis patients with fever, nausea or vomiting, confusion, and
respiratory distress. This study is the first to identify a lower platelet count and qSOFA score > 2 as markers of high-risk invasive
listeriosis in ESKD patients.
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Introduction

Listeria monocytogenes is a facultative anaerobic bacterium that causes the infectious illness listeriosis. Eating food or
drinking water contaminated with Listeria is the primary way of infection. Inadequately reheated meats (hot dogs,
luncheon meats, cold cuts, fermented or dry sausage), soft cheeses made from raw (unpasteurized) milk, unwashed raw
fruits or vegetables, and store-made chilled salads are among the foods that provide a high risk of contamination with
Listeria."* Signs and symptoms of Listeria infection vary from person to person and depend on the affected body part.
Listeria can cause intestinal illness. Diarrhea and vomiting commonly begin 24 hours after ingesting Listeria-

contaminated food and last 1 to 3 days. Laboratory tests for Listeria in stool samples are infrequent, making this
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infection hard to identify. The incidence of listeriosis varies from 0.042 to 0.469 per 100,000. Listeriosis infections are
more common in some areas, like South America and Southeast Asia.’

When Listeria spreads outside of the intestines, it can cause invasive listeriosis, including bacteremia, meningitis, and
meningoencephalitis. An invasive illness’s symptoms often appear two weeks after taking Listeria-contaminated food.
Pregnant women and their newborns, adults aged 65 or older, and individuals with compromised immune systems or
specific medical problems, such as end-stage kidney disease (ESKD) on long-term dialysis, are especially at risk of
developing invasive disease. It can infect the fetus during pregnancy, causing miscarriage, stillbirth, early birth, and
infant illness. In the general population, the mortality rate from invasive listeriosis ranges from 20% to 30%.*”’
Compared to the general population, vulnerable individuals have an even higher mortality rate from invasive listeriosis.®

A review of the literature found limited information regarding invasive listeriosis in ESKD patients on long-term
dialysis, nevertheless. The purpose of this study is to report clinical presentations and to identify outcomes and predictive
markers for invasive listeriosis in chronic dialysis patients. The 1992 guideline defines the term systemic inflammatory
response syndrome (SIRS) as an inflammatory process characterized by two or more of the following conditions: (1)
temperature >38°C or <36°C; (2) heart rate >90 beats per minute; (3) respiratory rate >20 breaths per minute or PaCO2
<32 mm Hg; and (4) white blood cell count > 12,000/cu mm, <4000/cu mm, or >10% immature (band) forms. We term
SIRS as sepsis when it results from a confirmed infectious process.” However, the definition of sepsis has evolved
rapidly. Currently, sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to
infection. The Sequential Organ Failure Assessment (SOFA) score is designed to sequentially assess the severity of organ
dysfunction in patients admitted to intensive care units (ICUs). It contains six variables, each assessing a different organ
system: respiratory, cardiovascular, hepatic, coagulation, renal, and neurological (central nervous system). Each organ
system is assigned a score ranging from 0O (indicating normal function) to 4 (indicating the most abnormal function),
resulting in a minimum SOFA score of 0 and a maximum of 24. Serial evaluation of SOFA score can predict outcome in
critically ill patients.'® Additionally, the quick Sequential Organ Failure Assessment (qSOFA) score is a widely
recognized survival predictor for sepsis patients and it is easy to be calculated at bedside. It consists of three criteria:
a respiratory rate (RR) of 22 breaths per minute or higher, an altered mental status (Glasgow Coma Scale [GCS] < 15),
and a systolic blood pressure (SBP) of less than 100 mmHg.'' We aim to show the correlation between a high gSOFA
score and a poor outcome of chronic dialysis patients with invasive listeriosis. Timely identification of patients at high
risk may help physicians implement more proactive management strategies for invasive listeriosis.

Materials and Methods

Study Design and Patient Selection

This study is a retrospective, observational analysis that examined the medical records of patients who were hospitalized for
invasive listeriosis, a condition confirmed by blood culture (when Listeria have spread beyond the intestines), at a tertiary
medical center in Taiwan (Linkou Chang Gung Memorial Hospital) from August 1, 2000, to August 31, 2021. Linkou Chang
Gung Memorial Hospital currently has approximately 3700 beds. Annually, it serves about 4 million outpatient visits, 200,000
emergency visits, and 100,000 inpatient admissions. We used discharge diagnosis ICD-9-CM code 0270 for invasive
listeriosis screening, along with ICD-10-CM codes A32, A320, A3211, A3212, A327, A328, and A329 for listeriosis,
cutaneous listeriosis, listerial meningitis, listerial meningoencephalitis, listerial sepsis, other forms of listeriosis, and unspe-
cified listeriosis. All of the patients included in the study had invasive listeriosis, which is defined as bacteremia and may result
in sepsis, meningitis, and meningoencephalitis. The isolation of L. monocytogenes from a blood culture confirmed this. We
excluded individuals with an age below seven days postpartum. Over the course of 21 years, we detected 118 individuals with
invasive listeriosis. We enrolled patients with ESKD who were undergoing long-term dialysis treatment, as indicated by their
discharge diagnosis in the medical records. We have accurately recorded 26 cases.

We obtained demographic information (age, gender, smoking), underlying illnesses, immunosuppressant use, anti-cancer
therapy, modality of renal replacement therapy (RRT), clinical presentations, complications, isolation sites, duration of
ampicillin usage, and outcomes at discharge from the hospital’s electronic medical records. Simultaneously, we documented
the laboratory results on the first and seventh days of hospitalization. Based on the discharge diagnosis in the electronic
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medical record, we can confirm whether these ESKD patients with invasive listeriosis have in-hospital mortality. We use the
following approach to ascertain the one-year mortality rate, which is another important outcome: If, one year after discharge,
there are still blood tests, examinations, or records of dialysis therapy, outpatient care, hospitalization, etc, we consider that the
patient has survived for more than a year. We will contact the patient to confirm their survival if the electronic medical record
does not record their death within a year of their discharge.

The Institutional Review Board of Chang Gung Medical Foundation (approval number: 202300976B0) approved this
study in accordance with the Declaration of Helsinki. Participants were not required by IRB regulations or local law to
provide written informed consent.

Statistical Analysis

We conducted an analysis of the demographic and clinical data, which involved examining the medians and the 25th to
75th percentiles for continuous data, as well as the counts and percentages (%) for categorical data. An analysis was
performed on the laboratory data, which included the medium and the 25th to 75th percentile. The odds ratio was
computed using a logistic regression model. The p-values were computed using the Fisher’s exact test for categorical
variables and the Mann—Whitney U-test for continuous variables. The statistical calculations were performed using
R 3.0.2, developed by the R Foundation for Statistical Computing in Vienna, Austria. The reported p-values were all
calculated using a two-sided test. A p-value below 0.05 is considered to be statistically significant.

Results

Demographic Information and Baseline Comorbidities

Twenty-six patients diagnosed with invasive listeriosis and comorbid ESKD, receiving long-term dialysis, were enrolled
in this study (Table 1). Table 2 showed the median age as 58.75, and the ratio of males to females as 1:1.6. The age or
gender distribution did not differ between survivors and non-survivors. Twelve patients (46.2%) did not survive
hospitalization, whereas fourteen patients (53.8%) did. Only eleven patients (42.3%) survived one year after being

Table | Detailed Information of the 26 Invasive Listeriosis in ESKD Patients

Pat. No Age Gender Culture Sites Dialysis Comorbidities Outcome at
Modality Discharge

| 22 F Blood + CSF HD 2,5,6,10,12 Died

2 72 F Blood HD 2,3,6,8 Died

3 27 M Blood HD 6,10,12 Died

4 79 M Blood HD 2,5,6,7,10,12 Died

5 45 F Blood + CSF HD 6,10,12 Died

6 54 M Blood HD 3,45 Died

7 52 M Blood HD 3,46 Died

8 76 M Blood HD 1,2,6,8,1 | Died

9 59 F Blood HD 1,2,5,10,12 Died

10 55 M Blood HD 1,2,9,11,12 Died

Il 88 M Blood HD 1,2,5,7 Died

12 77 F Blood HD 9 Died

13 77 F Blood HD 6,12 Survived

14 71 M Blood HD 1,2,6,7,8,10,12 Survived

15 63 M Blood PD 2 Survived

16 36 F Blood PD 10,12 Survived

17 58 F Blood HD 1,2,3,5,6,10,12 Survived

18 52 F Blood HD 1,2,8,11 Survived

19 76 F Blood HD 2,7 Survived

20 82 F Blood PD 2,9 Survived

(Continued)
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Table | (Continued).

Pat. No Age Gender Culture Sites Dialysis Comorbidities Outcome at
Modality Discharge
21 33 F Blood HD 58 Survived
22 33 F Blood HD 10,12 Survived
23 64 F Blood + CSF HD 1,2 Survived
24 79 F Blood HD 2,78 Survived
25 44 F Blood HD 10,12 Survived
26 30 M Blood + CSF HD 2,10,12 Survived

Notes: Comorbidities: |. Diabetes mellitus 2. Hypertension 3. Cirrhosis 4. Coronary artery disease 5. Congestive heart failure 6.
Peptic ulcer disease 7. Cerebrovascular attack 8. Solid tumor 9. Hematologic malignancy 10. Autoimmune disease |1.
Chemotherapy within 4 weeks |2. Immunosuppressant usage.
Abbreviations: F, female; M, male; CSF, cerebrospinal fluid.

Table 2 Clinical and Demographic Parameters of Invasive Listeriosis in ESKD Patients

Variable Total (N=26) In-hospital | In-hospital Death Odds Ratio | p-value
Survive (N=14) (N=12) (95% CI)
No. (%)
Age (years) (medium, 25-75% tile) | 58.75 (44.13-76.03) | 60.85 (37.88-74.78) | 57.20 (50.35-76.20) 1.00 (0.96—1.05) 0.898
Gender (No. males/females) 10/16 3/11 7/5 5.13 (0.99-32.87) 0.105
Smoking 6 (23) I (7) 5(24) | 9.29 (1.19-197.54) 0.065
Comorbidities
Diabetes mellitus 8 (31) 4 (29) 4 (33) 1.25 (0.23-6.91) 1.000
Hypertension 16 (62) 9 (64) 7 (58) 0.78 (0.15-3.86) 1.000
Coronary artery disease 2 (8) 0 (0) 2(17) N/A 0.203
Heart failure 7 (27) 2 (14) 5 (42) 4.29 (0.71-36.03) 0.190
Atrial fibrillation I (4) 0 (0) I (8) N/A 0.462
Cirrhosis 4 (15) 1 (7) 3 (25) 4.33 (0.47-95.76) 0.306
Peptic ulcer disease 10 (38) 3 (21) 7 (58) 5.13 (0.99-32.87) 0.105
Cerebral vascular accident 5(19) 3 (21) 2 (17) 0.73 (0.08-5.33) 1.000
COPD I (4) 0 (0) I (8) N/A 0.462
Solid cancer 6 (23) 4 (29) 2(17) 0.50 (0.06-3.19) 0.652
Hematologic malignancy 3 (12) 1 (7) 2(17) 2.60 (0.22-60.78) 0.580
Autoimmune diseases 11 (42) 6 (43) 5 (42) 0.95 (0.19—4.60) 1.000
Immunosuppressants use 13 (50) 7 (50) 6 (50) 1.00 (0.21-4.77) 1.000
Anti-cancer therapy
Chemotherapy in prior 4 weeks 3 (12) 1 (7) 2(17) 2.60 (0.22-60.78) 0.580
Radiotherapy in prior 4 weeks 2 (8) 1 (7) I (8) 1.18 (0.04-32.29) 1.000
Modality of RRT
HD/PD 23/3 173 12/0 N/A 0.056

Abbreviations: Cl, confidence interval; SD, standard deviation; COPD, chronic obstructive pulmonary disease; RRT, renal replacement therapy; HD, hemodialysis; PD,
peritoneal dialysis; N/A, not applicable.

admitted to the hospital. Additionally, we looked at invasive listeriosis in the general population of patients (n = 92,

unpublished data) at the same medical center and during the same period, comparing patients with and without ESKD.

The in-hospital mortality of invasive listeriosis in ESKD patients is higher than in those without ESKD (46.2%

vs 33.7%).

Twenty-six of the patients on chronic dialysis who had invasive listeriosis also had high blood pressure (62%), an
autoimmune disease (42%), peptic ulcer disease (38%), diabetes (31%), heart failure (27%), solid cancer (23%),

a cerebrovascular accident (19%), liver cirrhosis (15%), hematologic malignancy (12%), coronary artery disease (8%),
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atrial fibrillation (4%), and chronic obstructive pulmonary disease (4%). In terms of concurrent therapy at baseline, half
of the patients obtained immunosuppressive therapy, 12% received chemotherapy, and 8% received radiation. There was
no significant difference between survivors and non-survivors in concurrent therapy at baseline.

Among the enrolled chronic dialysis patients, 88.5% received hemodialysis, and 11.5% received peritoneal dialysis.
Hemodialysis patients and peritoneal dialysis patients with invasive listeriosis do not differ statistically significantly in
terms of in-hospital mortality.

Clinical Features and Blood Examination Results

Table 3 listed the symptoms and signs that were seen, including the following: 92% of patients had a fever, 69% had
nausea or vomiting, 54% were confused, 50% had dyspnea, 38% had abdominal pain, 31% had diarrhea, 27% had
myalgia, and 23% had headaches. The symptoms and signs did not significantly differ between survivors and non-
survivors.

Among non-survivors, there were substantially more cases of shock (7% vs 67%, OR 26.00, 95% CI 3.38-567.29; p =
0.003) and respiratory failure (14% vs 92%, OR 66, 95% CI 7.46—1657.46; p = 0.000) in terms of complications. In order
to predict survival, the qSOFA score was calculated. Half of the patient’s gSOFA score is > 2 and qSOFA score > 2 was
shown to be significantly correlated with in-hospital mortality (21% vs 83%, OR 18.33, 95% CI 2.99-175.93, p = 0.006).
Patients who have a higher gSOFA score have an increased risk of death while in the hospital (Figure 1). Figure 2 shows
the Kaplan-Meier analysis, which demonstrated that patients with a qSOFA score of 2 or higher had much worse
outcomes in terms of one-year survival than those with a score below 2 (p = 0.004).

Table 3 Clinical Features of ESKD Patients Hospitalized for Invasive Listeriosis

Characteristics Total In-hospital In-hospital Odds Ratio | p value
(N=26) Survive Death (95% CI)
(N=14) (N=12)
no. (%)
Symptoms and signs
Fever 24 (92) 12 (86) 12 (100) N/A 0.483
Nausea or vomiting 18 (69) 11 (79) 7 (58) 0.38 (0.06-2.06) 0.401
Myalgia 7 (27) 5 (36) 2(17) 0.36 (0.04-2.14) 0.391
Abdominal pain 10 (38) 5 (36) 5 (42) 1.29 (0.26-6.48) 1.000
Diarrhea 8 (31) 3(21) 5 (42) 2.62 (0.49-16.35) 0.401
Headache 6 (23) 4 (29) 2(17) 0.50 (0.06-3.19) 0.652
Confusion 14 (54) 5 (36) 9 (75) 5.40 (1.06-34.27) 0.108
Dyspnea 13 (50) 6 (43) 7 (58) 1.87 (0.40-9.38) 0.694
Complications
Shock 9 (35) 1 (7) 8 (67) | 26.00 (3.38-567.29) 0.003*
SBP < 100mmHg 10 (38) 3(21) 7 (58) 5.13 (0.99-32.87) 0.105
Altered mental status 14 (54) 5 (36) 9 (75) 5.40 (1.06-34.27) 0.108
RR = 22 (bpm) 13 (50) 3(21) 10 (83) | 18.33 (2.99-175.93) 0.006*
Respiratory failure 13 (50) 2 (14) 11 (92) 66 (7.46—1657.46) 0.000%*
qSOFA score 22 13 (50) 3(21) 10 (83) | 1833 (2.99-175.93) 0.006*
Blood culture results
L. monocytogenes 26 (100) 14 (100) 12 (100) N/A N/A
E. coli 1 (4) 0 (0) I (8) N/A 0.462
CoNS 3 (12) 1 (7) 2 (17) 2.60 (0.22-60.78) 0.580
CSF culture results
L. monocytogenes 4 (15) 2 (14) 2(17) 1.20 (0.13-11.54) 1.000

Note: *p value < 0.05.

Abbreviations: Cl, confidence interval; SBP, systolic blood pressure; RR, respiratory rate; bpm, beats per minute; qSOFA, quick
Sequential Organ Failure Assessment; SD, standard deviation; L. monocytogenes, Listeria monocytogenes; E. coli, Escherichia coli; CoNS,
Coagulase-negative staphylococcus; CSF, cerebrospinal fluid.
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Figure | In-hospital mortality is higher among chronic dialysis patients with invasive listeriosis who have a higher gSOFA score.
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Figure 2 The Kaplan-Meier analysis indicated that chronic dialysis patients with invasive listeriosis and a gSOFA score of two or above had significantly poorer one-year
survival outcomes (p = 0.004).

All the included patients were confirmed with an isolation of Listeria monocytogenes in blood culture. Listeria
monocytogenes was cultured in the cerebrospinal fluid (CSF) of only 4 patients (15.4%). A blood culture of E. coli was
found in 1 patient (3.8%). A blood culture revealed coagulase-negative staphylococcus (CoNS) in three patients (11.5%).
This study found no significant correlation between in-hospital mortality and either combined bacteremia or CNS
infection alone.

The patient’s hemogram and biochemical data were documented on days 1 and 7 of their hospital stay. Table 4
showed that the initial platelet count (medium, 25-75% tile) was substantially lower in non-survivors, with values of
193.00 (133.75-257.00) compared to 107.50 (52.50-134.00), OR 0.99, 95% CI 0.98-1.00, p = 0.017. There was no

significant difference between survivors and non-survivors in any of the other hemogram or biochemical data that was
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Table 4 Laboratory Results and Ampicillin Use of ESKD Patients Hospitalized for Invasive Listeriosis
Characteristics Total In-hospital Survive In-hospital Death Odds Ratio | p value
(N=26) (N=14) (N=12) (95% CI)
No. (%)

Laboratory data

(medium, 25~75%tile)
Hospital Day |
WBC (k/uL) 9.15 (5.4-15.38) 8.65 (6.18-15.48) 9.60 (5.00-15.13) 1.00 (0.90-1.11) 0.817
Hemoglobin (g/dL) 9.25 (7.83-10.30) 8.80 (8.03-10.30) 9.35 (7.65-10.13) 0.95 (0.60-1.48) 0.959
Platelet (k/uL) 138.00 (107.25-241.50) | 193.00 (133.75-257.00) 107.50 (52.50-134.00) 0.99 (0.98-1.00) 0.017*
PMN (%) 82.90 (75.43-88.95) 84.00 (79.23-88.95) 77.00 (71.73-87.88) 0.96 (0.88-1.03) 0.258
ANC (1000/pL) 7.51 (4.05-13.65) 7.20 (4.19-13.65) 7.79 (3.61-10.31) 1.00 (1.00-1.00) 0.817
Lymphocyte (%) 10.70 (6.13-14.60) 10.05 (6.50-14.60) 11.40 (6.25-15.25) 1.01 (0.90-1.14) 0.817
BUN (mg/dL) 52.00 (38.70-84.95) 51.10 (35.45-74.75) 63.00 (43.25-134.80) 1.01 (0.99-1.02) 0.310
Creatinine (mg/dL) 6.42 (5.48-8.83) 6.05 (5.50-7.03) 8.20 (5.59-9.65) 1.12 (0.85-1.54) 0.325
Sodium (mEgq/L) 135.0 (132.0-136.75) | 134.50 (129.75-135.75) | 135.00 (132.00-137.00) 1.07 (0.93-1.28) 0.338
Potassium (mEq/L) 4.0 (3.504.68) 3.95 (3.53-4.58) 4.20 (3.48-4.73) 0.91 (0.36-2.23) 1.000
CRP (mg/L) 98.09 (50.88-191.55) 86.71 (53.28-166.30) 167.85 (60.00-278.17) 1.01 (1.00-1.02) 0.164
Albumin (g/dL) 2.80 (2.46-3.09) 2.52 (2.44-3.07) 2.80 (2.71-3.10) 1.47 (0.21-12.45) 0.723
Total bilirubin (mg/dL) 0.80 (0.50-1.08) 0.50 (0.45-0.75) 1.00 (0.65-1.15) 1.65 (0.62—12.80) 0.111

Hospital Day 7
WBC (k/uL) 10.35 (7.18-15.80) 9.50 (7.10-14.10) 14.20 (7.50-17.40) 1.13 (0.97-1.36) 0.161
Hemoglobin (g/dL) 9.10 (2.37-2.80) 9.10 (8.20-10.60) 9.10 (7.80-9.90) 0.84 (0.50-1.32) 0.617
Platelet (k/uL) 141.00 (88.00-203.50) | 166.00 (136.00-226.00) 90.50 (69.00-146.75) 0.99 (0.98-1.00) 0.077
PMN (%) 82.00 (77.70-88.50) 81.90 (77.35-84.85) 88.00 (80.00-91.00) 1.03 (0.95-1.12) 0.395
ANC (1000/uL) 8.23 (5.64-12.81) 7.71 (5.57-11.53) 12.63 (5.87-15.83) 1.00 (1.00-1.00) 0.256
Lymphocyte (%) 10.80 (4.6—15.50) 11.50 (9.50-14.70) 5.00 (2.00-16.00) 0.94 (0.82—-1.05) 0.096
BUN (mg/dL) 68.00 (42.90-112.35) 58.65 (31.00-68.90) 82.10 (50.20-142.00) 1.02 (1.00-1.05) 0.086
Creatinine (mg/dL) 6.11 (4.95-8.77) 5.40 (4.79-6.96) 7.44 (5.93-11.73) 1.22 (0.91-1.77) 0.168
Sodium (mEq/L) 137.50 (135.00-138.25) | 137.00 (135.00-138.00) | 138.00 (135.00-139.50) 1.12 (0.96-1.42) 0.364
Potassium (mEq/L) 3.90 (3.65—4.60) 3.90 (3.53-4.53) 3.90 (3.70-4.80) 1.39 (0.59-3.71) 0.622
CRP (mg/L) 90.74 (50.40-159.41) 101.25 (65.56—155.61) 74.66 (50.40-187.61) 1.00 (0.99-1.01) 0.972
Albumin (g/dL) 2.51 (2.37-2.80) 251 (2.42-2.77) 2.54 (2.24-2.85) | 0.40 (0.01-11.27) 0.617
Total bilirubin (mg/dL) 0.60 (0.30-1.45) 0.40 (0.28-0.93) 0.80 (0.45—1.45) 1.39 (0.74-8.98) 0.506

Duration of ampicillin 1.79 (0.14-2.39) 2.14 (1.71-3.11) 0.64 (0.00-1.96) 0.43 (0.18-0.86) 0.043*

usage (wks)

Note: *p value<0.05.
Abbreviations: Cl, confidence interval; WBC, white blood count; PMN, polymorphonuclear leukocytes; ANC, absolute neutrophil count; BUN, blood urea nitrogen; CRP,
C-reactive protein; wks, weeks.

collected. This included leukocyte counts, hemoglobin levels, lymphocyte counts, blood urea nitrogen (BUN) levels,
creatinine levels, sodium levels, potassium levels, C-reactive protein levels, albumin levels, and serum total bilirubin
levels. The duration of the ampicillin treatment was documented. Shorter durations of ampicillin use were found to be
strongly associated with increased in-hospital mortality. The duration of 2.14 weeks (with a range of 1.71-3.11 weeks)
was compared to a duration of 0.64 weeks (with a range of 0.00—1.96 weeks). The odds ratio (OR) was 0.43, with a 95%
confidence interval (CI) of 0.18-0.86. The p-value was 0.043.

Discussion

For ESKD patients receiving long-term dialysis in the United States, infections cause 10.1% of deaths.'*'* As a result,
infections in individuals with ESKD need to be carefully monitored and treated. With an alarming 46.2% in-hospital
mortality rate, this study’s findings brought attention to the crucial situations that doctors encounter when treating
invasive listeriosis in chronic dialysis patients. Since there is little research on chronic dialysis patients with invasive
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listeriosis, we performed a retrospective analysis to compare in-hospital and one-year mortality rates. In this work, we
have found various prognostic indicators. Univariate analysis demonstrated a significant association between poorer in-
hospital outcomes and shock, RR > 22, respiratory failure, qSOFA score > 2, and lower platelet counts on the first day of
hospitalization.

This study showed the in-hospital mortality of invasive listeriosis among ESKD patients is 46.2%, which is higher
than in general population and compatible with prior studies. According to prior studies, the mortality of invasive
listeriosis in general population is approximately 20~30%.* " Past research has shown that individuals with impaired
immune function, such as those with ESKD, regardless of whether they receive chronic dialysis, are more vulnerable to
infections that can result in consequences like sepsis and a higher death rate.'* When someone has ESKD, a number of
circumstances can compromise their immune system. These include uremic toxins, dialysis, functional abnormalities of
leukocytes, and the repercussions of the primary illnesses such as diabetes, polycystic kidney disease, or lupus that led to
the kidney disease.'® This emphasizes the necessity of additional studies and measures targeted at improving outcome for
this population at risk.

In contrast, our study did not find any statistically significant differences between survivors and non-survivors in
terms of age, gender, demographic factors, or baseline comorbidities. A higher mortality rate in individuals with invasive
listeriosis has been linked to older age, according to prior studies.®® The median age of our study cohort is 58.75, with an
interquartile range of 44.13-76.03, indicating a relatively young population and suggesting that the impact of age is not
as significant. Another reason is that long-term dialysis patients frequently demonstrate physiological ages that are
significantly greater than their chronological ages, and this is particularly evident in the context of systemic arterial
calcification, which leads to the premature aging of various organ functions.'®'® Although our findings challenge
commonly held opinions, they emphasize the necessity for more analysis to get a deeper understanding of the factors
that impact the survival rates of chronic dialysis patients with invasive listeriosis.

19.2% of invasive listeriosis in ESKD patients also have peptic ulcer disease. Proton-pump inhibitors (PPIs) are commonly
used for peptic ulcer disease. A recent study suggests that using PPIs may increase the likelihood of contracting listeriosis.'
It’s believed that natural host defense against Listeria monocytogenes will be reduced by raising stomach pH. For an invasive
infection to occur in animal models, a lower concentration of listeria was needed in mice that received PPIs.”° It was
anticipated that patients suffering from peptic ulcer disease could take more PPIs, potentially weakening the host’s defenses
against Listeria monocytogenes and raising the risk of death. The tendency we saw was that non-survivors had a higher
prevalence of peptic ulcer disease than survivors, although the difference lacked statistical significance. Due to the small
number of patients included in this study, further investigation is required to verify the link between invasive listeriosis
mortality and peptic ulcer disease in dialysis patients and the general population.

In our study cohort, there is no statistically significant distinction in the dialysis modality between survivors and non-
survivors. Many studies have compared the mortality effects of hemodialysis versus peritoneal dialysis. Conflicting
findings have been published on the relative benefits, negative effects, or no difference in survival between hemodialysis
and peritoneal dialysis patients.”' ** Additionally, a previous study demonstrated that there is no association between
infectious diseases and the dialysis mode.** Further research is required to ascertain whether the type of dialysis used and
mortality from invasive listeriosis are related because of the small number of patients included in this study.

Based on a previous study, the predominant symptoms of invasive listeriosis were fever (91.7%) and altered
consciousness (50.0%), followed by rash (45.8%), respiratory distress signs (37.5%), nuchal rigidity (29.2%), and
headache (20.8%).>> Similarly, fever is the most common symptom seen in our research group, present in 92% of all
cases. Moreover, significant numbers of our cases exhibit symptoms such as nausea or vomiting (69%), confusion (54%),
and dyspnea (50%). The results emphasize the reliability and importance of fever as an important sign of invasive
listeriosis. The symptoms mentioned, including nausea or, vomiting, disorientation, and respiratory distress, are not
specific to Listeria monocytogene infections. However, our research indicates that obtaining a blood sample for
a bacterial culture is an effective method for early detecting invasive listeriosis in chronic dialysis patients when these
symptoms manifest.

In patients with bacteremia or meningitis caused by Listeria monocytogenes, shock was revealed to be a significant
risk factor for 30-day mortality in a previous study.”® According to a recent study, patients with listeriosis who have
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respiratory distress at presentation also had a higher 30-day mortality rate.”” At the time of diagnosis, individuals with
shock and respiratory distress both suggest severe sepsis. In univariate analysis, shock, RR > 22/min, and respiratory
failure were found to be linked with in-hospital mortality in our study. The third international task force redefined sepsis
in 2016 and proposed replacing the systemic inflammatory response syndrome (SIRS) criteria with the gSOFA score
(range 0-3 points, with 1 point each for systolic hypotension [< 100mmHg], tachypnea [> 22/min], or altered mentation
[GCS < 15]) in order to identify septic patients at high risk of death.'' During a validity study, gSOFA showed superior
statistical performance in predicting in-hospital mortality compared to SOFA and SIRS. Patients who had gSOFA scores
of 2 or higher had a significantly increased risk of death in the hospital, with a hazard ratio (HR) of 6.2.%

Nevertheless, the prognostic value of the qSOFA score in chronic dialysis patients with invasive listeriosis remains
uncertain. This study indicates a positive correlation between a higher qSOFA score and increased in-hospital mortality
among chronic dialysis patients. Patients who had a gSOFA score of 2 or higher had an in-hospital mortality rate that was
18 times greater than those with a qSOFA score of less than 2. The qSOFA score had a significant association with in-
hospital mortality in univariate analysis. This study demonstrated the applicability of the gSOFA score in chronic dialysis
patients with invasive listeriosis. Individuals with a gSOFA score of 2 or above necessitate more intensive treatment due
to their elevated mortality rate. We recommend using the gSOFA score as an indicator to identify individuals at high risk
and promptly implementing intensive treatment in this specific group.

Leukocyte count and CRP level did not differ statistically between survivors and non-survivors in this investigation.
Conversely, in univariate analysis, lower platelet counts on the first day of hospitalization were linked to worse outcomes.
Initial platelet count is independently linked to in-hospital mortality. In individuals with sepsis, thrombocytopenia is
a recognized independent indicator of a worse prognosis.”’ It has been hypothesized that a combination of elevated
consumption, sequestered platelets, and reduced platelet synthesis causes thrombocytopenia.>® According to a survey of the
literature, there has never been prior knowledge on the role of platelets as a predictor of mortality in listeriosis. Our study is the
first to confirm the relationship between invasive listeriosis mortality and platelet count. For patients at risk of poor outcomes,
we currently advise monitoring the platelet levels upon presentation.

The most effective antibiotic to use and the optimal duration of treatment for invasive listeriosis have not been
determined by controlled trials. Clinical experience with a limited number of patients, animal models, and results from
in vitro susceptibility tests are used to provide treatment recommendations. Parental ampicillin plus gentamicin with
a minimum treatment length of three weeks was recommended for meningitis, and parental ampicillin with a minimum
treatment duration of two weeks was generally recommended for bacteremia. With a median treatment duration of 1.79
weeks, we found in this study that shorter courses of ampicillin treatment are linked to worse outcomes. There are two
reasons that might be relevant. First, individuals with more advanced illnesses may have more violent clinical courses
and die before completing the full recommended course of ampicillin treatment. Second, it has been noted that in cases of
neuroinvasive listeriosis, delaying the start of treatment is an independent risk factor for death.>' While the analysis of
treatment delay was not conducted in this study, it is possible that those who started treatment later may experience
a more severe clinical progression and may not live until the completion of parenteral antibiotics. To reduce the mortality
rate of chronic dialysis patients with invasive listeriosis and ESKD, we suggest promptly starting appropriate antibiotics
and ensuring that the minimum duration of treatment is completed.

In our univariate analysis, SOFA > 2 and lower platelet count on the first day of admission linked with higher in-
hospital mortality. Previous studies have not linked qSOFA > 2 or low platelet count to a higher mortality risk in chronic
dialysis patients with invasive listeriosis. However, studies have verified that qSOFA is linked to the in-hospital death
rate of sepsis patients in overall populations.''*® In addition, thrombocytopenia is a recognized indicator of a poorer
outcome in cases of sepsis.’ For chronic dialysis patients with invasive listeriosis, this is the first study to demonstrate
that gSOFA and the initial platelet count can predict in-hospital mortality rates, supported by our data and the literature.
Given the expected high mortality rate, we recommend administering appropriate and adequate antibiotic treatment to all
patients with invasive listeriosis and ESKD, particularly those with a gSOFA score of 2 or higher, or lower platelet
counts.

This study has several limitations. Firstly, most patients are Asian, as this study was conducted retrospectively at one
medical center. Second, there were fewer cases that could be examined because this study only covered one center, which
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made it more difficult to determine whether a given trait was statistically different from another. Third, although it was
previously considered that delaying invasive listeriosis treatment was linked to a higher death rate, we did not examine
treatment delays in our investigation. Nonetheless, this study provides important information about the characteristics,
mortality rate, and poor prognostic factors of invasive listeriosis in ESKD patients undergoing long-term dialysis.

Conclusion

A grave outcome is expected for ESKD patients on chronic dialysis who have invasive listeriosis, which is defined as
bacteremia and can lead to sepsis, meningitis, and meningoencephalitis. Out of all chronic dialysis patients with invasive
listeriosis, only 53.8% survived through their initial hospital stay. One year later, 42.3% of patients admitted to the
hospital with invasive listeriosis were still alive. Invasive listeriosis in chronic dialysis patients often causes fever, nausea
or vomiting, confusion, and dyspnea, requiring a blood culture for a confirmed diagnosis. Patients with shock, tachypnea
(RR > 22), respiratory failure, gSOFA score > 2, and a lower initial platelet count were associated with higher in-hospital
mortality rates in univariate analysis. This study highlighted the characteristics of high-risk invasive listeriosis in patients
with ESKD and emphasized the significance of early identification and adequate antibiotic therapy.
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