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Background: Human listeriosis is a severe foodborne infection caused by Listeria mono-
cytogenes and the data of patients with this infection are largely limited for the Hefei 
population.
Purpose: This is a retrospective study that evaluated the clinical and laboratory data of 
patients with listeriosis at a tertiary hospital in Hefei City.
Patients and Methods: A total of 24 listeriosis patients were admitted to the First 
Affiliated Hospital of Anhui Medical University from January 2003 to July 2021. Data 
from all patients were collected from the hospital’s electronic medical records.
Results: The most common symptom of all patients was fever (91.7%), followed by altered 
consciousness (50.0%), rashes (45.8%), respiratory distress symptoms (37.5%), nuchal rigidity 
(29.2%), and headaches (20.8%). Laboratory results also indicated elevated C-reactive protein 
(CRP) (79.1%), hypoproteinemia (75.0%), anemia (62.5%), leukocytosis (45.8%), and neutrophi-
lia (45.8%). The mean value of 5.1 μg/mL (SD, 3.8) for D-dimer (D-D) was significantly higher 
than the normal value ((0.00–0.50) μg/mL), while both altered consciousness (6 vs 4, P = 0.034) 
and headaches (4 vs 1, P = 0.036) occurred more frequently in the neurolisteriosis group compared 
with the bacteremia one. Additionally, the mean maximal body temperature (°C) (40.5 ± 0.7) as 
well as white blood cell (WBC) (15.3 vs 7.5 ×109/L, P = 0.014) and neutrophil (NEUT#) (13.2 vs 
6.1 ×109/L, P = 0.026) counts of neurolisteriosis patients were higher than those of bacteremia 
(39.4 ± 0.4) (P = 0.001). Of all patients, four (50%) from the maternal-neonatal group remained 
uncured.
Conclusion: Listeriosis is a rare disease with extremely variable clinical characteristics in 
Hefei City. Our data indicated that unexplained fever, altered consciousness, hypoproteine-
mia, anemia, elevated CRP and DD should be considered to assist diagnosis of listeriosis for 
early treatment interventions.
Keywords: Listeria monocytogenes, listeriosis, clinical and laboratory characteristics

Introduction
Listeria monocytogenes (L. monocytogenes) is an intracellular, aerobic or faculta-
tive anaerobic, gram-positive bacterium,1 and although its main route of transmis-
sion is fecal-oral transmission,2 it can also infect newborns through the placenta and 
birth canal.1 This bacteria, belonging to the Listeria genus, is widely distributed and 
commonly found in different environments. More importantly, out of the 17 
described Listeria species, it is the main pathogenic species that causes disease in 
both humans and animals, even though, Listeria ivanovii is also known to be 
pathogenic to humans.3,4 Listeriosis is a life-threatening disease with a very high 
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mortality in humans and it is caused by the foodborne 
pathogen L. monocytogenes, whose invasive form is clas-
sified into three types: bacteremia, neurolisteriosis, and 
maternal-neonatal infection.5,6 L. monocytogenes infection 
can cause a variety of syndromes in humans, ranging from 
mild to severe.7 In immunocompetent individuals, the 
symptoms are mild and usually manifest as self-limiting 
gastroenteritis, accompanied by symptoms including fever, 
diarrhea, nausea, and vomiting. However, pregnant 
women, fetuses, and neonates, as well as the elderly, and 
immunocompromised individuals, are particularly suscep-
tible to developing severe forms of the disease character-
ized by symptoms of septicemia, meningitis, or 
encephalitis.7

Despite the availability of effective antibiotic treat-
ments, cases of listeriosis are increasing around the 
world, thereby posing a global threat to public health.8 

Listeriosis cases have been reported in many mainland 
provinces of China, but it has not yet been regulated as 
a notifiable disease in China. Affected areas have mainly 
been in Beijing, and the coastal areas probably due to 
higher detection rates of listeria, dietary habits, and high 
population density.9,10 A disease is diagnosed as listeriosis 
when a positive bacterial culture is obtained from clinical 
specimens collected from sterile sites, such as blood, cere-
brospinal fluid (CSF), amniotic fluid, and uterine swabs.11 

Additionally, PCR assays can be applied for diagnostic 
purposes and it is particularly useful when cultures are 
compromised by prior administration of antimicrobial 
agents which lead to false-negative results.11 However, 
for the commonly applied culture method, the disease 
itself has a long incubation period while being character-
ized by a wide spectrum of infections. As such, it becomes 
difficult to track an accurate food eating history.12 

Therefore, listeriosis can be easily overlooked and mis-
diagnosed, thereby leading to further difficulties in 
a timely diagnosis in clinical practice.

Since 2000, the Chinese government has stepped up 
efforts to control listeriosis and improve the monitoring 
system for the disease.13 However, due to the relatively 
late start of this program, there is a paucity of data regard-
ing listeriosis in humans in China.13 In particular, there are 
only few investigations describing listeriosis in Hefei City, 
with our knowledge of L. monocytogenes infection and its 
resulting disease being extremely limited. Therefore, the 
present study aimed to explore the clinical presentations of 
patients infected by L. monocytogenes before further 
assessing the laboratory findings, treatment history and 

outcomes associated with the disease in Hefei City, in 
the Province of Anhui. It is expected that this will serve 
as a starting point for future listeriosis-based studies and 
provide valuable information for improving the detection 
and diagnosis of listeriosis.

Patients and Methods
Recruitment Criteria and Listeriosis 
Diagnosis
This is a retrospective study that included all patients 
diagnosed with listeriosis from January 2003 to 
July 2021 at the First Affiliated Hospital of Anhui 
Medical University (Hefei, Anhui Province, China). 
There is no generally accepted diagnostic criteria for lis-
teriosis. So, in this study, a case was considered to be 
positive when L. monocytogenes was isolated from 
a normally sterile site such as blood or cerebrospinal 
fluid (CSF) which was submitted to the laboratory during 
admission of the patients. Those diagnosed with listeriosis 
were grouped according to earlier reports from France and 
China,5,9 with patients being divided into a maternal- 
neonatal infection group, a bacteremia group, and 
a neurolisteriosis group. Maternal-neonatal infection was 
defined based on the isolation of L. monocytogenes from 
pregnant women, as well as one-month old or younger 
neonates. On the other hand, bacteremia was diagnosed 
when L. monocytogenes was isolated from a patient’s 
blood culture without neurolisteriosis or maternal- 
neonatal infections, while neurolisteriosis was considered 
to have occurred when L. monocytogenes was isolated 
from the CSF or a brain abscess or even when a positive 
blood culture test for L. monocytogenes was accompanied 
by altered consciousness, seizures, nuchal rigidity, focal 
neurological symptoms, as well as an increased white 
blood cell count in the CSF. Overall, eight patients were 
assigned to the maternal-neonatal infection group and ten 
patients, with positive blood culture tests for 
L. monocytogenes infection, were assigned to the bacter-
emia one. Finally, six patients were included in the neuro-
listeriosis group, with five of these being positive during 
CSF culture only and another one being positive during 
both CSF and blood culture tests.

Data Collection
Demographic information (age, gender, occupation), 
together with clinical, laboratory, physical examination, 
basic diseases and comorbidities, complications, treatment 
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history, and in-hospital outcomes (length of hospital stay, 
and discharge clinical status) data were obtained from the 
hospital’s electronic medical records.

Statistical Analysis
The statistical analysis was conducted using SPSS version 
25.0. Continuous variables that assumed normal distribu-
tion were presented as the mean ± standard deviation (SD) 
and compared by Student’s t-test, while those without 
a normal distribution were presented as medians (inter-
quartile range (IQR)) and compared by the Mann-Whitney 
U-test. For categorical variables, data were provided as 
n (%) and compared by Fisher’s exact test. Results was 
considered to be statistically significant at a two-tailed 
P value of less than 0.05.

Results
Patients and Demographics
From January 2003 to July 2021, a total of 24 patients 
were diagnosed with listeriosis from the First Affiliated 
Hospital of Anhui Medical University. They were then 
further divided into the three groups namely the maternal- 
neonatal group (8 cases), the bacteremia group (10 cases), 
and the neurolisteriosis group (6 cases) (Table 1).

For the 24 hospitalized patients, the age range was 
from 0.5 hours to 84 years, with 6 of them aged less 
than 1 month and an overall median age of 33.5 years 
(IQR, 2–56.3).

Furthermore, more than half of the participants were 
female (15/24, 62.5%), with nine of them (37.5%) being 
male. Among other characteristics, 11 cases (45.8%) were 
diagnosed with listeriosis in spring while 13 patients 
(54.2%) had one or more basic diseases, including cardi-
ovascular and cerebrovascular diseases (10/24, 41.7%), 
diabetes mellitus (3/24, 12.5%), malignancy (1/24, 
4.2%), chronic kidney diseases (2/24, 8.3%), auto- 
immune diseases (4/24, 16.7%), or even hepatic diseases 
(5/24, 20.8%). However, differences in demographic char-
acteristics and basic disease parameters between the bac-
teremia and neurolisteriosis group were not statistically 
significant (P > 0.05) (Table 2). Of all the patients, 11 
were from Hefei and its surrounding districts while the 
others were from the nearby cities of Luan (5 cases), 
Suzhou (2 cases), Bozhou (2 cases), Anqing (1 case), 
Huaibei (1case), Huangshan (1 case), and Xinyang, 
Henan province (1 case).

Clinical Characteristics
The most common symptom observed for the 24 patients 
on presentation was fever (91.7%), followed by altered 
consciousness (45.8%), rashes (45.8%), respiratory dis-
tress symptoms (37.5%), cough (37.5%), sputum 
(29.2%), nuchal rigidity (25.0%), headache (20.8%), nau-
sea and vomiting (16.7%), diarrhea (12.5%), abdominal 
distension (12.5%), abdominal pain (12.5%), and seizures 
(12.5%). Regarding complications, pneumonia was very 
common and was observed in 11 of the cases (45.8%) 
while gastrointestinal bleeding was observed in 4 cases 
(16.7%). Of the 24 patients, eight (33.3%) received immu-
nosuppressive treatments and they were all from the non- 
maternal-neonatal group. All the six newborns in the 
maternal-neonatal group had respiratory distress.

In terms of symptoms, fever was the most common 
symptom of all the three groups in this study. In addition, 
the common symptoms for each group of patients were as 
follows: in the maternal-neonatal group, respiratory dis-
tress (75.0%), and rashes (50.0%) were frequent while the 
common symptoms for the bacteremia group were cough 
(60.0%), sputum (50.0%), and rashes (50.0%). Finally, 
altered consciousness (100.0%), headache (66.7%), and 
nuchal rigidity (66.7%) were found to be common in the 
neurolisteriosis group. More patients with neurolisteriosis 
presented altered consciousness (6 vs 3, P = 0.011), nuchal 
rigidity (4 vs 0, P = 0.008) and headache (4 vs 1, P = 
0.036) compared with those with bacteremia. Similarly, 
the mean maximum body temperature (°C) for neurolister-
iosis patients (40.5 ± 0.7) was higher than that of bacter-
emia ones (39.4 ± 0.4) (P = 0.001). However, the 
differences in other clinical parameters between the bac-
teremia and neurolisteriosis groups were not statistically 
significant (P > 0.05) (Table 3).

Laboratory Findings
Laboratory data was available for all the 24 patients and 
indicated that elevated C-reactive protein (CRP) levels 
was the most common disorder (79.1%). Furthermore, 
common, hematological changes included 18 cases of 
hypoproteinemia (75.0%), 15 cases of anemia (62.5%), 
11 cases of leukocytosis (45.8%), and 11 cases of neutro-
philia (45.8%). Twenty patients had different degrees of 
abnormal liver functions, with at least one of the following 
liver enzymes, namely alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), γ-glutamyl transpeptidase (GGT) or lactate 
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Table 1 Detailed Information of the 24 Listeriosis Patients

Pat. 
No

Age Sex Culture 
Sites

Department Group Underlying Illness Main Diagnose Outcome at 
Discharge

1 33y F Blood Obstetrics M-n 8,11 Dead fetus in uterus Improved

2 1d F Blood Neonatology M-n 1,2,11,14,19 Septicemia Improved

3 0.5h F Blood Neonatology M-n 1,8,11,13,14,19 Septicemia Cured

4 0.5h M Blood Neonatology M-n 1,2,5,11,20,21 Respiratory failure Uncured

5 7d F Blood Neonatology M-n 1,3,11,21,22,23 Septicemia Uncured

6 1h F Blood Neonatology M-n 3,5,8,11,14 Neonatal pneumonia Uncured

7 0.5h M Blood Neonatology M-n 2,11,14,20,24 Neonatal pneumonia Uncured

8 28y F Blood Infectious 

Diseases

M-n 1,11,15 Septicemia Improved

9 34y F Blood Rheumatology B 1,8,11,14,17,18,25,26 SLE Improved

10 33y F Blood Nephrology B 1,4,8,14,18,26,27,28 Chronic renal disease Improved

11 57y F Blood Infectious 

Diseases

B 1,6,8,11,15,29,30 Decompensated liver 

cirrhosis

Improved

12 84y M Blood Emergency B 5,11,14,16,26 Pneumonia Improved

13 54y M Blood Nephrology B 1,3,6,8,11,14,26,27,31 Chronic renal disease Improved

14 54y F Blood Infectious 
Diseases

B 8,11,15,28,29 Decompensated liver 
cirrhosis

Improved

15 60y M Blood Oncology B 8,10,11 Lung malignancies Improved

16 45y F Blood Neurology B None Left anterior cervical 

abscess

Improved

17 25y F Blood Rheumatology B 8,11,32 DCTD Improved

18 78y F Blood Infectious 

Diseases

B 1,3,5,8,13,14 Septicemia Improved

19 78y M CSF Emergency N 4,5,6,8,11,13,14 Purulent meningitis Improved

20 52y M CSF Infectious 
Diseases

N 7,8,11,13 Central nerve system 
infection

Improved

21 33y F CSF Infectious 

Diseases

N 8,11,12,13, Adult-onset still’s disease Died

22 49y F CSF Emergency N 4,5,13,14 Acute disseminated 

encephalitis

Improved

23 73y M CSF+ Blood Infectious 

Diseases

N 1,5,9,13 Central nerve system 

infection

Uncured

24 8y M CSF Intensive Care 

Unit

N 8,13 Bacterial meningitis Improved

Notes: Underlying illness, 1. Septicemia; 2. Respiratory failure; 3. Gastrointestinal bleeding 4. Hypertension; 5. Cerebral infarction; 6. Diabetes mellitus; 7. Rheumatoid 
Arthritis; 8. Anemia; 9. Sinus tachycardia; 10. Lung malignancies; 11. Hypoproteinemia; 12. Adult-onset still’s disease; 13. Meningitis; 14; Pneumonia; 15. Splenomegaly; 16. 
Hepatomegaly; 17. Hepatitis; 18. Systemic lupus erythematosus (SLE); 19. Hyperbilirubinemia; 20. Pneumorrhagia; 21. Disseminated intravascular coagulation (DIC); 22. 
Septic shock; 23. Neonatal cold syndrome; 24. Cerebral hemorrhage; 25. Gallbladder polyp; 26. Hydropericardium; 27. Chronic renal disease; 28. Coronary heart disease; 
29. Liver cirrhosis; 30. Chronic gastritis; 31. Intrahepatic calcification focus; 32. Diffuse connective tissue disease (DCTD). 
Abbreviations: F, female; M, male; M-n, maternal-neonatal; B, bacteremia; N, neurolisteriosis.
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dehydrogenase (LDH) being above the normal range. 
Overall, the median levels of ALT, AST, ALP, GGT, 
LDH were 26.5 U/L (IQR,16.5–49.5), 44.5 U/L (IQR, 
25.0–121.0), 93.0 U/L (IQR, 64.5–130.8), 55.0 U/L 
(IQR, 21.3–132.0), and 415.0 U/L (IQR, 269.3–825.0), 
respectively. Through additional analyses, the results of 
haemostatic functions were also described. In this case, 
the mean value of D-dimer (D-D) was 5.1 (SD, 3.8) μg/ 
mL, and it was significantly higher than the normal value 
((0.00–0.50) μg/mL). Moreover, the mean values of acti-
vated partial thromboplastin time (APTT) and prothrombin 
time (PT) were 45.8 (SD, 31.4) s and 15.6 (SD, 5.0) 
s respectively while the mean CSF glucose and the median 
CSF protein levels were 2.6 (SD, 1.8) mmol/L and 1.4 g/L 
(IQR, 0.7–2.9) respectively.

Leukocytosis occurred in six (100.0%) of the patients 
from the neurolisteriosis group, as well as in two (20.0%) of 
those from the bacteremia one, with statistical analysis 
showing that leukocytosis was more frequently in in the 
former (P = 0.007). In addition, even though the differences 
in other laboratory findings between the bacteremia and 
neurolisteriosis groups were not statistically significant, 
white blood cell (WBC) counts (P = 0.014) and neutrophil 
counts (NEUT#) (P = 0.026) were found to be statistically 
different between the two groups. In this case, the mean 
values of WBC counts and NEUT# in the neurolisteriosis 
group were 15.3 (SD, 5.8) ×109/L and 13.2 (SD, 6.7) ×109/ 
L, respectively, and they were both higher than the mean 
values of 7.5 (SD, 5.2) ×109/L and 6.1 (SD, 4.8) ×109/L, 
respectively, for the bacteremia group (Table 4).

Table 2 Demographic and Basic Disease Analysis of Listeriosis Patients (N = 24)

Variable Maternal- 
Neonatal  
(n = 8)

Bacteremia (n 
=10)

Neurolisteriosis 
(n = 6)

Total (N = 
24)

P value

Age, years 0 (0–21) 52.4 ± 19 48.8 ±25.9 33.5(2–56.3) 0.755

0–18 years 6 (75.0) 0 (0.0) 1 (16.7) 7 (29.2) 0.563
19–45 years 2 (25.0) 4 (40.0) 1 (16.7) 7 (29.2)

46–65 years 0 (0.0) 4 (40.0) 2 (33.3) 6 (25.0)

>65 years 0 (0.0) 2 (20.0) 2 (33.3) 4 (16.7)

Gender
Male 2 (25.0) 3 (30.0) 4 (66.7) 9 (37.5) 0.032

Female 6 (75%) 7 (70%) 2 (33.3) 15 (62.5)

Occupation

Farmer 0 (0.0) 5 (50.0) 3 (50.0) 8 (33.3) 0.685

Child 6 (75.0) 0 (0.0) 1 (16.7) 7 (29.2)
Office Clerk 1 (12.5) 0 (0.0) 0 (0.0) 1 (4.2)

Retiree 0 (0.0) 1 (10.0) 1 (16.7) 2 (8.3)

Freelancer 1 (12.5) 4 (40.0) 1 (16.7) 6 (25.0)

Diagnosis season (month)

Spring (3–5) 1 (12.5) 5 (50.0) 5 (83.3) 11 (45.8) 0.843
Summer (6–8) 3 (37.5) 2 (20.0) 0 (0.0) 5 (20.8)

Autumn (9–11) 2 (25.0) 2 (20.0) 1 (16.7) 5 (20.8)

Winter (12–2) 2 (25.0) 1 (10.0) 0 (0.0) 3 (12.5)

Basic disease

Cardiovascular and cerebrovascular disease 3 (37.5) 4 (40.0) 3 (50.0) 10 (41.7) 1.000
Diabetes mellitus 0 (0.0) 2 (20.0) 1 (16.7) 3 (12.5) 1.000

Malignancy 0 (0.0) 1 (10) 0 (0.0) 1 (4.2) 1.000

Chronic renal disease 0 (0.0) 2 (20.0) 0 (0.0) 2 (8.3) 0.500
Auto-immune disease 0 (0.0) 2 (20.0) 2 (33.3) 4 (16.7) 0.604

Hepatic disease 0 (0.0) 5 (50.0) 0 (0.0) 5 (20.8) 0.093

Notes: Data are expressed as number (%), �x ± SD, or M (IQR). P value, bacteremia versus neurolisteriosis.
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Antibacterial Treatment History and 
Outcomes
For patients with listeriosis, ampicillin or penicillin is the 
first-choice antibiotic treatment. For antimicrobial suscept-
ibility tests involving L. monocytogenes from 10 patients, 
the results showed that all the isolates were sensitive to 
both antibiotics. As shown in Table 5, eight patients 
(33.3%) were treated with ampicillin, seven (29.2%) 
were provided with penicillin while nine patients (37.5%) 
had been given cephalosporin treatment. In the absence of 
etiological information, the physician would often choose 
cephalosporin antibiotics based on clinical symptoms and 
experience, but this treatment could not completely cover 
all of the pathogens. After treatment, 18 patients (75%) 
were discharged within 3 to 5 days after the improvement 
of clinical symptoms but 1 patient also died during hospi-
talization. In addition, four patients within the maternal- 
neonatal group remained uncured, with three of them giv-
ing up treatment. Overall, the median duration of hospita-
lization for the 24 patients was 13.5 days (IQR, 5.8–27.3).

Discussion
L. monocytogenes, a ubiquitous bacterium, is widely dis-
tributed in nature, and can exist in water, soil, human and 
animal feces, as well as in vegetables and fruits.14 

L. monocytogenes is mainly transmitted to humans through 
ingestion of contaminated food and as such, human lister-
iosis can be prevented.15 The prevalence of 
L. monocytogenes in food products in Anhui Provinces 
was 1.58%, a value which was lower than the average 
prevalence of 4.42% in Chinese food products from 28 
provinces.16 Therefore, listeriosis is uncommon and even 
though there are many reports regarding its outbreak in 
other countries,5,17,18 sporadic cases are the main ones 
occurring in China, with most of them appearing in the 
form of case reports.8,19–21 However, this could also be 
due to a lack of surveillance, or a less widespread distribu-
tion of processed foods unlike in countries where out-
breaks are more common. As mentioned earlier, the areas 
where listeriosis were mainly distributed were the cities of 
Beijing, Sichuan, Zhejiang, Liaoning, and Shaanxi.13 Prior 
to this study, information on cases of this disease, as well 

Table 3 Clinical Symptoms Analysis of Listeriosis Patients (N = 24)

Variable Maternal- 
Neonatal (n = 8)

Bacteremia  
(n =10)

Neurolisteriosis  
(n = 6)

Total  
(N = 24)

P value

Symptoms

Fever 6 (75.0) 10 (100.0) 6 (100.0) 22 (91.7) None

Mean maximal body temperature (°C) 38.2 ± 1.0 39.4 ± 0.4 40.5 ± 0.7 39.3 ± 1.1 0.001
Diarrhea 0 (0.0) 1 (10) 2 (33.3) 3 (12.5) 0.518

Headache 0 (0.0) 1 (10) 4 (66.7) 5 (20.8) 0.036

Nausea and vomiting 0 (0.0) 2 (20.0) 2 (33.3) 4 (16.7) 0.604
Abdominal distension 1 (12.5) 2 (20.0) 0 (0.0) 3 (12.5) 0.500

Abdominal pain 0 (0.0) 2 (20.0) 1 (16.7) 3 (12.5) 1.000
Cough 0 (0.0) 6 (60.0) 3 (50.0) 9 (37.5) 1.000

Sputum 0 (0.0) 5 (50.0) 2 (33.3) 7 (29.2) 0.633

Altered consciousness 2 (25.0) 3 (30.0) 6 (100.0) 11 (45.8) 0.011
Seizures 0 (0.0) 1 (10) 2 (33.3) 3 (12.5) 0.518

Nuchal rigidity 2 (0.0) 0 (20.0) 4 (66.7) 6 (25.0) 0.008

Rash 4 (50.0) 5 (50.0) 2 (33.3) 11 (45.8) 0.633
Respiratory distress symptoms 6 (75.0) 3 (30.0) 0 (0.0) 9 (37.5) 0.250

Complications
Pneumonia 4 (50.0) 5 (50.0) 2 (33.3) 11 (45.8) 0.633

Gastrointestinal bleeding 2 (25.0) 2 (10.0) 0 (0.0) 4 (16.7) 0.500

Blood cultures

Performed 8/8 (100.0) 10/10 (100.0) 4/6 (66.7) 22 (91.7)

Positive 8/8 (100.0) 10/10 (100.0) 1/4 (25.0) 19/22 (86.4) 0.011

Immunosuppressive treatment 0 (0.0) 5 (50.0) 3 (50.0) 8 (33.3) 1.000

Notes: Data are expressed as number (%) or �x ± SD. P value, bacteremia versus neurolisteriosis.
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Table 4 Laboratory Results of Listeriosis Patients (N = 24)

Variable Maternal- 
Neonatal (n = 8)

Bacteremia  
(n = 10)

Neurolisteriosis  
(n = 6)

Total (N = 24) P value

Anemiaa 3 (37.5) 8 (80.0) 4 (66.7) 15 (62.5) 0.604

Hb (g/L) 120.5 ± 31.1 86.3 ± 35.6 120.5 (66.5–132.0) 102.7 ± 35.2 0.232

RBC counts (× 1012/L) 3.4 ± 0.8 3.4 (2.7–4.1) 3.9 ± 0.7 3.7 (2.8–4.1) 0.212

HCT (%) 37.0 ± 9.3 28.4 ± 8.6 31.2 ± 6.5 31.9 ± 8.9 0.505

Leukocytosis (>9.5×109/L) 3 (37.5) 2 (20.0) 6 (100.0) 11 (45.8) 0.007

WBC counts (×109/L) 10.2 ± 5.4 7.5 ± 5.2 15.3 ± 5.8 10.3 ± 6.0 0.014

Neutrophilia (> 6.3 ×109/L) 3 (37.5) 3 (30.0) 5 (83.3) 11 (45.8) 0.119

NEUT# (×109/L) 6.9 ± 4.3 6.1 ± 4.8 13.2 ± 6.7 6.0 (4.5–11.7) 0.026

LYMPH# (× 109/L) 2.5 (1.3–5.7) 0.9 ± 0.4 0.9 (0.8–1.8) 1.2 (0.8–1.2) 0.384

MONO# (× 109/L) 0.4 ± 0.2 0.4 ± 0.3 0.6 ± 0.3 0.4 (0.2–0.6) 0.273

PLT count (×109platelets/L) 93.4 ± 56.6 129.6 ± 89.8 254 ± 145.7 131.0 (65.8–191.3) 0.051

PCT (ng/mL) 4.7 ± 5.6 0.4 (0.07–30.7) 0.6 (0.1–5.2) 0.5 (0.1–7.4) 0.936

Elevated CRP (>10 mg/L) 7 (87.5) 7 (70.0) 5 (83.3) 19 (79.1) 1.000

CRP (mg/L) 102.1 ± 75.7 57.4 ± 67.0 75.8 ± 72.4 61.4 (11.0–121.2) 0.624

Hypoproteinemiab 8 (100.0) 7 (70.0) 3 (50.0) 18 (75.0) 0.607

TP (g/L) 46.3 ± 7.9 60.5 ± 13.1 68.3 ± 9.1 57.7 ± 13.5 0.223

ALB (g/L) 25.9 ± 5.1 30.6 ± 10.0 36.8 ± 7.6 30.6 ± 8.8 0.214

GLO (g/L) 20.4 ± 5.5 29.9 ± 9.7 31.5 ± 5.1 27.1 ± 8.1 0.672

A/G 1.3 ± 0.4 1.1 ± 0.6 1.2 ± 0.3 1.2 ± 0.4 0.836

TBIL (µmol/L) 46.4 ± 38.5 12.6 ± 6.8 8.3 ± 3.7 12.6 (6.9–26.7) 0.179

ALT (U/L) 24.8 ± 13.1 43.7 ± 32.8 37.2 ± 33.5 26.5 (16.5–49.5) 0.708

AST (U/L) 115.5 ± 76.4 42.5 (23.3–83.5) 28.0 (21.3–71.3) 44.5 (25.0–121.0) 0.587

ALP (U/L) 106.4 ± 29.4 78.5 (55.3–155.3) 103.7 ± 43.4 93.0 (64.5–130.8) 0.664

GGT (U/L) 151.3 ± 115.4 55.0 (19.3–130.3) 35.5 ± 20.3 55.0 (21.3–132.0) 0.415

LDH (U/L) 872.3 ± 658.0 354.1 ± 180.6 635.0 ± 485.9 415.0 (269.3–825.0) 0.224

Creatinine(μmol/L) 49.8 ± 11.1 63.6 (41.5–157.5) 54.1 ± 20.4 52.0 (43.1–70.9) 0.448

Urea (mmol/L) 3.6 ± 1.8 5.8 (3.4–8.4) 5.5 ± 2.8 4.7 (3.1–7.3) 0.745

UA (μmol/L) 277.3 ± 51.2 251.5 (155.5–318.0) 165.8 ± 90.0 251.0 (160.8–307.5) 0.104

Ca (mmol/L) 2.2 ± 0.2 2.1 ± 0.2 2.2 ± 1.1 2.2 ± 1.9 0.448

CK (U/L) 133.7 ± 108.2 80.5 ± 48.6 35.0 (27.0–3969.0) 62.0 (34.0–125.0) 0.584

CKMB (U/L) 185.0 ± 183.8 10.3 ± 7.6 15.2 ± 17.5 11.0 (3.8–49.3) 0.586

APTT (s) 39.9 (36.4–80.5) 38.9 ± 6.2 38.6 ± 10.2 45.8 ± 31.4 0.961

PT (s) 19.4 ± 7.3 13.9 ± 2.9 14.2 ± 1.7 15.6 ± 5.0 0.851

INR 1.7 ± 0.9 1.1 ± 0.3 1.1 ± 0.2 1.3 ± 0.6 0.893

D-D (μg/mL) 8.4 ± 5.4 5.3 ± 3.4 2.7 ± 1.5 5.1 ± 3.8 0.147

FDP (μg/mL) 27.0 ± 19.8 17.2 ± 13.0 10.1 ± 6.9 13.6 (5.9–25.0) 0.290

FIB (g/L) 3.2 ± 1.0 4.7 ± 2.3 6.5 ± 2.1 4.2 (3.2–6.7) 0.191

TT (s) 18.6 ± 4.9 17.7 ± 1.9 16.2 ± 1.7 17.6 ± 3.0 0.163

Cl in CSF (mmol/L) 121.6 ± 4.9 115.3 ± 9.0 109.4 ± 9.8 114.9 ± 9.2 0.380

Glucose in CSF (mmol/L) 2.0 ± 0.6 4.2 ± 2.1 1.8 ± 1.5 2.6 ± 1.8 0.076

Protein in CSF (g/L) 1.8 ± 1.1 1.3 ± 1.2 2.0 ± 1.1 1.4 (0.7–2.9) 0.395

Notes: Data are expressed as number (%),�x ± SD, or M (IQR). P value: bacteremia versus neurolisteriosis. aAnemia: male <130 g/L and female <115 g/L, bHypoproteinemia: 
TP < 60 g/L or ALB < 35 g/L. Range of normal values: Hb, male (130–175) g/L and female (115–150) g/L; RBC, male (4.3–5.8) ×1012/L and female (3.8–5.1) ×1012/L; HCT, 
male (40–50) %L and female (35.0–45.0)%; WBC, (3.5–9.5) ×109/L; NEUT#, (1.80–6.30) ×109/L; LYMPH#, (1.10–3.20) ×109/L; MONO#, (0.10–0.60) ×109/L; PLT, (125– 
350)×109 g/L; CRP, (0.00–10.00) mg/L; PCT, (0.00–0.50) ng/mL; ALT, male (9–50) U/L and female (7–40) U/L; AST, male (15–40) U/L and female (13–35) U/L; ALP, male (45– 
125) U/L female (35–100) U/L, GGT, male (10–60) U/L and female (7–45) U/L; LDH, (120–250) U/L; TP, (65.0–85.0)g/L; ALB, (40.0–55.0) g/L; GLO, (20.0–40.0) g/L; A/G, 
1.20–2.40; TBIL, (0.0–23.0) µmol/L; Creatinine, male (57.0–97.0) µmol/L and female (41.0–73.0) µmol/L; Urea, male (3.10–8.00) mmol/L and female (2.60–7.50) mmol/L; UA, 
male (208–428) µmol/L and (155–357) µmol/L; Ca, male (2.10–2.50) mmol/L and female (2.11–2.52) mmol/L; CK; male (55–170) U/L and female (30–135) U/L; CKMB, (0– 
26) U/L; APTT, (28–42) s; PT, (11–16) s; INR, 0.85–1.15; D-D, (0.00–0.50) μg/mL; FDP, (0.00–5.00) μg/mL; FIB, (2.00–4.00) g/L; TT, (14–21) s; Cl in CSF, (120.0–130.0) mmol/ 
L; Glucose in CSF, (2.50–4.50) mmol/L; Protein in CSF, (0.15–0.45) g/L. 
Abbreviations: Hb, hemoglobin; RBC, red blood cell; HCT, hematocrit; WBC, white blood cell; NEUT#, neutrophil counts; LYMPH#, lymphocyte counts; MONO#, 
monocyte counts; PLT, platelet; PCT, procalcitonin; CRP, C-reactive protein; ALT, aspartate aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; 
GGT, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; TP, total protein; ALB, albumin; GLO, globulin; A/G, albumin/globulin ratio; TBIL, total bilirubin; UA, uric acid; 
Ca, calcium; CK, creatine phosphokinase; CKMB, creatine phosphokinase-MB; D-D, D-dimer; FDP, fibrinogen degradation products; INR, international normalized ratio; 
APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, fibrinogen; TT, thrombin time.
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as its treatment in Hefei City was limited. Hence, this 
work retrospectively collected clinical data from the med-
ical records of 24 patients diagnosed with listeriosis. 
Details regarding the demographics, clinical and labora-
tory characteristics, treatment history and outcomes of 
infection were also provided. This report, to our knowl-
edge, is the first one which analyzed data on patients with 
listeriosis in Anhui Province.

In our study, farmers (33.3%) were found to be at 
a high risk of contracting the disease and this could be 
related to their occupational exposure to L. monocytogenes 
contaminated food. Furthermore, the number of female 
cases were higher (15 vs 9), with this situation being 
similar to that of many provinces or cities in China.13 

Listeriosis occurred all over the year but was more com-
mon in spring (45.8%), followed by summer (20.8%) and 
autumn (20.8%). Previous studies have reported that lis-
teriosis were more often observed during spring and 
autumn,15 although many patients were also admitted in 
the summer months9 and this could be attributed to geo-
graphical differences. All the 24 cases were sporadic infec-
tions that we know very little about and there were no 
epidemiological and microbiological criteria to classify 
them as an outbreak. However, comparative sequence 

analysis of strains from clinical specimens in Shanghai 
suggested that infection was likely the result of foodborne 
transmission.22 Generally, invasive listeriosis affects peo-
ple with compromised immune systems and rarely affects 
healthy individuals.20 As such, many patients mainly suf-
fered from basic forms of the disease and similar findings 
have been described in Beijing.21

The most common clinical manifestation of the cases 
in Hefei City was fever (91.7%). It was slightly higher 
than the 88.6% of fever rate previously reported in south-
ern Taiwan.23 As listeriosis during pregnancy is severe and 
difficult to diagnose, blood cultures should be considered 
for any pregnant woman who develops this common 
symptom, especially those which are accompanied by flu- 
like or gastrointestinal symptoms.11 We also paid attention 
to two neonates without fever for whom respiratory dis-
tress could be the primary symptoms. This was especially 
the case for the maternal-neonatal group where 75.0% of 
patients had respiratory distress symptoms and all of them 
were neonates. This was similar to findings from a study 
conducted in Beijing.21 In addition to symptoms such as 
altered consciousness and nuchal rigidity where the central 
nervous system (CNS) is involved, patients from the neu-
rolisteriosis group also had a higher mean maximal body 

Table 5 Antibacterial Treatment History and Outcomes of Listeriosis Patients (N = 24)

Variable Maternal-Neonatal 
(n = 8)

Bacteremia (n 
= 10)

Neurolisteriosis 
(n = 6)

Total  
(N = 24)

P value

Antibiotic treatment

Mean number of antibiotics 2 (1.3–2) 2.6 ± 1.3 3.3 ± 1.2 2 (2–3.8) 0.294

Penicillin 3 (37.5) 2 (20.0) 2 (33.3) 7 (29.2) 0.604
Ampicillin 2 (25.0) 3 (30.0) 3 (50.0) 8 (33.3) 0.607

Amoxicillin 2 (25.0) 2 (20.0) 1 (16.7) 5 (23.8) 1.000

Cephalosporins 4 (50.0) 2 (20.0) 3 (50.0) 9 (37.5) 0.299
Imipenem 1 (12.5) 2 (20.0) 0 (0.0) 3 (12.5) 0.500

Meropenem 1(12.5) 3 (30.0) 4 (66.7) 8 (33.3) 0.302
Vancomycin 1(12.5) 1 (10.0) 3 (50.0) 5 (20.8) 0.118

Linezolid 0 (0.0) 1 (10.0) 0 (0.0) 1 (4.2) 1.000

Teicoplanin 0 (0.0) 2 (20.0) 1 (16.7) 3 (12.5) 1.000
Piperacillin-tazobactam 0 (0.0) 2 (20.0) 2 (33.3) 4 (16.7) 0.604

Antibiotic Susceptibility Testing
Penicillin (susceptible) 3/3 (100.0) 5/5 (100.0) 2/2 (100.0) 10/10 (100.0)

Ampicillin (susceptible) 3/3 (100.0) 5/5 (100.0) 2/2 (100.0) 10/10 (100.0)

Outcomes

In-hospital mortality 0 (0.0) 0 (0.0) 1 (16.7) 1 (4.2) 0.375

Effective treatment for infection 4 (50.0) 10 (100.0) 4 (66.7) 18 (75.0) 0.125
Length of hospital stay 6.5 (1.0–13.0) 16.4 ± 8.9 25.7 ± 15.9 13.5 (5.8–27.3) 0.154

Notes: Data are expressed as number (%),�x ± SD, or M (IQR). P value: bacteremia versus neurolisteriosis.
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temperature than the bacteremia one (40.5 °C vs 39.4 °C). 
These results may indicate a poor prognosis in the neuro-
listeriosis group. Furthermore, symptoms of cough and 
sputum occurred frequently in patients with bacteremia 
(60.0%, 50.0%), and this could be helpful for the diagnosis 
of the disease. A significant proportion of listeriosis 
patients had symptoms of fever, respiratory distress, 
cough, gastrointestinal, and CNS involvement. However, 
the clinical manifestations were largely varied while being 
similar to those of common bacterial infections. Moreover, 
most of the patients are treated for basic diseases, thus 
making the diagnosis of listeriosis much more difficult.

Pneumonia was very common and was observed in 
eleven cases (45.8%) in our study. A study in South 
Africa showed that 33.3% of neonates were diagnosed 
with congenital pneumonia,24 but this value was lower 
than the 66.7% found in our study. Similarly, in the past 
40 years, only 16 pneumonia cases have been reported in 
France, either as isolated case reports or as small groups of 
two to seven cases.25 L. monocytogenes can also be carried 
in the gastrointestinal tract as reflected in the 44.7% of 
listeriosis patients in a study at Peking Union Medical 
College Hospital who had gastrointestinal symptoms.21 

This was consistent with the current study in which 
45.8% of listeriosis patients showed gastrointestinal symp-
toms and 16.7% of them had gastrointestinal bleeding. In 
terms of comorbidities, a study completed in Belgium 
showed that the most frequent ones were immunosuppres-
sive therapy, cancer, and severe cardiovascular diseases.26 

Another study conducted in the United States also indi-
cated that the most frequent comorbidities were immuno-
suppressive therapy, malignancy, and diabetes mellitus.27 

In the case of this study, it was found that that cerebro-
vascular diseases (41.7%), immunosuppressive treatment 
(33.3%), and hepatic diseases (20.8%) occurred more fre-
quently in listeriosis patients.

Very little was found in existing literature regarding the 
laboratory characteristics of listeriosis. In a similar way to 
common bacterial infections, the WBC and neutrophils 
counts in peripheral blood as well as the biochemical 
index CRP increased in most patients with listeriosis. 
This was consistent with the previous studies,5,28,29 and 
indicated the likelihood of missed or misdiagnosed cases 
of the disease. Specifically, the most relevant clinically- 
relevant finding in our study was that of hypoproteinemia 
(75.0%) and anemia (62.5%) which occurred in the major-
ity of the patients. Therefore, we hypothesized that mon-
itoring the levels of total protein (TP), albumin (ALB), and 

hemoglobin (Hb) could assist in the diagnosis of listerio-
sis. Twenty patients presented at least one elevated liver 
enzyme, including ALS, AST, ALP, GGT, LDH. 
Therefore, the impact of L. monocytogenes on liver func-
tion is also worthy of attention during the disease progres-
sion. In our study WBC count (15.3 vs 7.5 ×109/L, P = 
0.014) and NEUT# (13.2 vs 6.1 ×109/L, P = 0.026) were 
found to be much higher in the neurolisteriosis group 
compared with the bacteremia one. Furthermore, while 
the effective treatment percentage for the bacteremia 
group was 100%, that of patients in the neurolisteriosis 
group was only 66.7%. Contrary to the present results, 
a previous study in Italy has demonstrated that an unfavor-
able outcome frequently occurred for those patients pre-
senting a low WBC count.30 Human neurolisteriosis is 
a bloodborne infection and positive blood cultures at the 
time of diagnosis can not only reflect higher circulating 
bacteria in the blood as well as weaker host defenses, but 
also a higher risk of mortality due to other opportunistic 
infections.5 In our study, an elderly patient with positive 
blood and CSF cultures was not cured at discharge.

Antibiotics, as key factors affecting the prognosis, is an 
important part of treatment. Ampicillin or penicillin, alone 
or in combination with aminoglycosides are used as the 
first choice for listeriosis.31 Previous studies in China have 
shown that 144 isolates of L. monocytogenes strains were 
uniformly susceptible to ampicillin, penicillin, and 
meropenem.32 This was consistent with our research in 
which 10 isolates of L. monocytogenes were sensitive to 
both ampicillin and penicillin. Therefore, both can still be 
used as effective antibiotics to treat listeriosis, although it 
should be noted that L. monocytogenes, despite being 
susceptible to a variety of antibiotics in vitro, is not highly 
sensitive to cephalosporins.33,34 However, despite the 
availability of treatment methods, the biggest challenge 
for treating listeriosis is the inability to diagnose the dis-
ease early enough to provide adequate treatment.

Early diagnosis and treatment can, therefore, improve 
the prognosis of the infection. Since L. monocytogenes has 
several antigens, including listeriolysin O and Rantz anti-
gen, which can cross-react with other gram-positive 
bacteria,35 serological tests are insensitive for routine diag-
nosis. As such, microbial culture has been shown to be 
a useful method for diagnosing listeriosis.36 For those 
patients with fever, diarrhea, nausea, vomiting, altered 
consciousness, nuchal rigidity and seizures, isolation of 
pathogens from sterile sites should be carried out at the 
earliest. A previous epidemiological investigation of 
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listeriosis in China showed that 18.0% of patients-isolated 
L. monocytogenes could be found from suspicious food, 
chopping boards, refrigerator, or kitchen sinks.37 The sur-
veillance of L. monocytogenes in related foods should, 
therefore, be strengthened to reduce its transmission.

Despite the results, some limitations are recognized for 
our study. There were no detailed epidemiological inves-
tigations for patients, and hence, we could not identify the 
sources of the patient’s infections nor formulate clear 
recommendations. Moreover, due to the small sample 
size in this study, the interpretation of our findings might 
not be representative in the bigger population. 
Nevertheless, despite these limitations, our study still pro-
vides important perspectives for listeriosis in Hefei City. 
We also expect that our study will provide guidance and 
references to clinicians for the prompt diagnosis and treat-
ment of listeriosis.

Conclusion
Unexplained fever, altered consciousness, hypoproteine-
mia, anemia, elevated CRP and DD should be considered 
to aid diagnosis of listeriosis for early treatment 
interventions.

Listeriosis causes public health concern and additional 
large-scale studies are needed to gain a thorough under-
standing of this disease in China. This study summarized 
eighteen years of patient data in Hefei City and it could 
serve as a reference for other cities and provinces of China 
to improve prevention, diagnosis, and treatment strategies 
against listeriosis.
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