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A B S T R A C T

Objective: The aim of this study was to conduct a systematic review to better understand the
epidemiological and clinical characteristics of listeriosis patients in mainland China.
Methods: The six most widely used Chinese and English language databases were searched. The records of
patients with listeriosis in mainland China reported during the years 2011–2017 were extracted. The
clinical data of patients and information on clinical isolates of Listeria were collected and analyzed.
Results: In total, 136 records were identified, reporting 562 patients with listeriosis. The number of
patients was much higher than that reported in the previous decade. The 227 non-perinatal listeriosis
patients included had a mortality rate of 23.78%. Of the 231 perinatal listeriosis patients, 32.68% resulted
in abortion and/or newborn death. All listeriosis cases were reported as being sporadic. The listeriosis
was traced to infection via a meat product in only three patients, while 33.12% were healthcare-
associated infections.
Conclusions: The number of patients with listeriosis in mainland China may have been underestimated
previously. Perinatal cases in mainland China account for a much higher proportion than is usually
described. Considering the high number of listeriosis patients in China, a comprehensive monitoring
system for Listeria is urgently needed.
© 2019 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Introduction

Listeria monocytogenes is a Gram-positive facultative intracel-
lular bacterium that can infect people via food contamination and
cause human listeriosis (Radoshevich and Cossart, 2018). The
clinical manifestations of listeriosis vary among individuals, from
moderate focal infections such as diarrhea to severe infections
such as septicemia, meningitis, and abortion or newborn listeriosis
in perinatal patients, and the mortality rate is relatively high (20–
40%) (Muñoz-Gallego et al., 2017; Salama et al., 2018). Although
most reported listeriosis cases have been sporadic, many outbreaks
have been reported, including outbreaks due to contaminated
apples, cheese, cantaloupes, meat, and other food sources (Ottesen
et al., 2016). In China, outbreaks are rare, and relevant contam-
inants have not been reported clearly. However, the contamination
rate of Listeria in retail food sold in China is relatively high (Wu
et al., 2016), indicating a high potential risk of listeriosis in the
Chinese population.

The incidence of listeriosis has been estimated at approximately
three to six patients per one million population per year globally
(de Noordhout et al., 2014). Feng et al. (2013) reviewed the cases of
listeriosis patients reported in China from 1964 to 2010 and found
that there were 147 sporadic cases and 82 outbreak cases, with
mortality rates of 26% in overall listeriosis and 46% in neonatal
listeriosis. Wang et al. (2013) investigated listeriosis at a tertiary
hospital and found a high prevalence of healthcare-associated
listeriosis among adult patients.

The long incubation period and non-specific clinical manifes-
tations make it difficult to diagnose listeriosis in a timely manner
(Choi et al., 2018). Therefore, it is important to determine whether
the incidence of listeriosis in China is underestimated. This
systematic review of articles on listeriosis in mainland China
published during the years 2011–2017 was conducted to determine
the clinical and epidemiological characteristics of listeriosis in
mainland China since 2010.

Materials and methods

Search strategy and selection criteria

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (http://www.prisma-statement.org/
Default.aspx). A systematic search of three Chinese language
databases (Wanfang Data Knowledge Service Platform (Wanfang),
China National Knowledge Infrastructure (CNKI), and SinoMed)
and three English language databases (PubMed, Cochrane Library,
and Embase) was performed to identify articles published between
January 1, 2011 and October 12, 2017. The full search strategy is
shown in the Supplementary Material (Appendix).

Original articles were obtained and assessed in detail for their
inclusion in this review. Articles had to meet the following criteria for
inclusion: (1) the cases or isolated Listeria were from mainland
China; (2) the articles reported listeriosis or Listeria isolates from
clinicalpatients,orstudiedthedistribution of listeriosisamongother
diseases. Articles that did not study listeriosis or Listeria isolated
from clinical patients or that reported patients not from mainland
China were excluded. Reviews and theses were also excluded.

Data extraction

The following information, where provided, was extracted from
the articles on clinical listeriosis or case reports: first author, title,
journal, year of publication, city, number of patients, year of onset,
month of onset, sex, age, underlying diseases, clinical manifes-
tations, positive samples, treatments, and outcomes. For articles on
the percentage of listeriosis among other diseases, information on
the type of disease, total patient number, number of patients with
listeriosis, and the positive samples was extracted. For articles that
investigated Listeria isolates, the serotype and multilocus se-
quence typing (MLST) data of the isolates were extracted.

Study definitions

A listeriosis patient was defined as a patient from whom Listeria
was isolated and who was reported to have fever, diarrhea,
headache, or other clinical manifestations that corresponded to
listeriosis. Non-perinatal patients were defined as those who were
not pregnant women or newborns. If the patient was either a
pregnant woman or a newborn, they were considered a perinatal
patient. The mother and all her newborns and/or fetuses were
counted as one instance.

According to the clinical manifestations, a listerial central
nervous system (CNS) infection was defined in the case that
Listeria was isolated from a patient’s cerebrospinal fluid (CSF) or
when a patient had neurological symptoms (altered consciousness,
seizures, nuchal rigidity, or focal neurological symptoms, and an
increased white blood cell count in the CSF) and a positive blood
culture revealed Listeria. If the patient did not meet the criteria for
a diagnosis of CNS infection but Listeria was isolated from the
blood, this patient was considered to have bacteremia. A focal
infection was defined in the case that Listeria was isolated from pus
or biopsy tissue from a site of focal infection, without clinical
manifestations suggesting a systemic infection cause and a
positive blood/CSF culture revealing Listeria.

When the outcome was death for a non-perinatal patient or
abortion or newborn death for a perinatal patient, this was counted
as an adverse outcome. An infection was considered to be
healthcare-associated when the patient manifested the onset of
listeriosis symptoms at more than 48 h after admission for medical
conditions related to other diseases.

Statistical analysis

Descriptive methods were used in the study; measurement
data with a normal distribution are described as the mean �
standard deviation (SD). Significant differences between two
independent samples were determined with the independent
samples t-test, while count data were analyzed by Chi-square test.
A p-value of <0.05 was recognized as statistically significant.

Results

Listeriosis in mainland China

A total of 3503 articles were identified (Figure 1). Among these,
1884 unique articles remained after the removal of 1619 duplicate
articles according to the title, authors, journal, and publication date.
Following reading of the titles and abstracts, 1702 articles were
excluded: 685 were on non-human listeriosis or Listeria isolates, 325
reported the method of testing for the bacteria, 56 were inves-
tigations of a Listeria vaccine,168 were on the antimicrobial activities
of different substances,18 reported the method of subtyping Listeria,
185 were on the microbiological characteristics of Listeria, 180
concerned immunology and other basic research and not clinical
listeriosis or Listeria isolates, 27 were reviews, and another 55 did not
describe listeriosis in mainland China. The eligibility of the remaining
182 full-text articles was assessed. Among these, 12 were theses, 16
did not describe clinical listeriosis or Listeria isolates, and 18
described the same patients, as identified by the patient information
and/or by contacting the authors. Thus,136 articles met the inclusion
criteria, and the relevant data were extracted.

http://www.prisma-statement.org/Default.aspx
http://www.prisma-statement.org/Default.aspx


Figure 1. Flowchart of the search strategy. *When there was not adequate clinical information to define the patients as perinatal or non-perinatal, the patients were described
as non-clustered.
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In total, 562 listeriosis patients were reported from January
2011 to October 2017, including 227 non-perinatal patients, 231
perinatal patients, and 104 non-clustered patients in whom the
clinical diagnosis was diarrhea without a description of the other
characteristics of the patients. With the exception of one record
reporting a man infected by Listeria ivanovii (Li et al., 2012), all
other patients were infected by L. monocytogenes. In total, 106
adverse outcomes were reported among the 368 patients with
known outcomes (28.80%).

The number of records and patients reported in each year and
each month are shown in Figure 2A and B, respectively; the
accurate year of onset was available for 178 patients and the
accurate month of onset for 99 patients. The number of patients
increased each year until 2013 and then decreased each year,
reaching 0 patients in 2017. Although patients were reported in
each month, most patients were reported in the summer months.
The geographical distribution of the reported listeriosis patients
among the different provinces is shown in Figure 2C. The capital
city, Peking, reported the most patients.

Non-perinatal patients

There were 227 non-perinatal patients with listeriosis, among
the 164 patients having gender information, 52.4% (86/164) of
whom were male. Details of the non-perinatal patients are shown
in Figure 3. Age information was available for 113 patients and
patients older than 55 years accounted for 32.74%. The empirical
antibiotic used was mostly a cephalosporin, while penicillin
tended to be the most commonly used antibiotic after diagnosis,
with a cephalosporin used in a few patients. Steroids were used in
14 patients before diagnosis and in nine patients after diagnosis.
The clinical manifestations were non-specific. In total, 159 of the
162 patients with body temperature data had a fever and more
than half of these patients had a high fever (51.23%).

Among the 163 patients with a known medical history, 110 had
an underlying disease (UD), including 49 with autoimmune
diseases, 29 with malignancies, nine with diabetes, five with
renal failure, six with cardiopathies, 12 with hepatitis/hepatocir-
rhosis, two with tuberculosis, and one with an HIV infection. These
patients with UD were compared to patients without an
underlying disease (non-UD) (Table 1). The age of the UD patients
was older than that of the non-UD patients (p = 0.001), while the
non-UD patients were more likely to have bacteremia and CNS
infections than the UD patients (p < 0.001). The infection types and
positive samples were more diverse for UD patients than for non-
UD patients.

Perinatal patients

There were 231 perinatal listeriosis patients, among whom 27
were described in studies reporting the percentage of patients with
listeriosis among those with other diseases. Approximately 70.27%
(130/185) of perinatal listeriosis infections occurred before 37
weeks of gestation. In total, 199 single pregnancies and five twin
pregnancies were described (Figure 4), with 186 newborns and 23
aborted fetuses. Forty-seven newborns died and 138 survived, with
three normal newborns; the outcome was not reported for one
newborn. The positive samples cultured in perinatal patients are
shown in Figure 4B; 150 of 159 neonatal blood culture results were
positive, while only 48 positive maternal blood cultures were
recorded. The most common maternal clinical manifestation was
prenatal fever, followed by meconium-stained amniotic fluid



Figure 2. Distribution of listeriosis cases in mainland China. (A) Number of patients and articles reported over the study years. (B) Number of patients according to the month
of onset. (C) Geographical distribution of patients among the cities of China.
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(MSAF) and fetal distress, while among neonatal patients,
bacteremia was the most common clinical manifestation, followed
by CNS infection and pneumonia. Similar to the non-perinatal
patients, the most common antibiotic used in neonatal patients
with listeriosis was a cephalosporin before diagnosis and penicillin
after diagnosis.
Figure 3. Details of 227 non-perinatal listeriosis patients. (A) Age distribution of the non
perinatal listeriosis (SMZ: sulfamethoxazole). (C) Clinical manifestations among non-p
facioplegia n = 1; chills n = 1; ankle swelling n = 1; cough n = 2; epilepsy n = 1; numbness n
n = 1).
Distribution of listeriosis reported among other diseases

Twenty-five articles reporting 220 listeriosis patients described
the percentage of listeriosis among other diseases. The distribution
of listeriosis among other diseases is shown in Table 2. Most
listeriosis was reported in non-perinatal pneumonia (18.75%),
-perinatal listeriosis patients. (B) Drugs used before and after the diagnosis of non-
erinatal patients ( Peritonitis n = 2; bloating n = 5; gastrointestinal bleeding n = 2;

 = 1; facioplegia and gastrointestinal bleeding n = 1; rash and conjunctival hyperemia



Table 1
Clinical characteristics of non-perinatal patients.

Characteristics Underlying disease (UD) All p-Value

Yes No

Number of patients 110 53 164 –

Age (years), mean � SD 51.42 � 20.51 33.86 � 23.49 45.44 � 23.02 0.001
CNS infection, n/N 41/67 47/49 118/164 <0.001
Bacteremia, n/N 45/57 36/38 119/142 <0.001
Focal infection, n 6 0 6 –

CSF culture-positive, n/N 21/35 39/46 87/109 –

Blood culture-positive, n/N 45/57 47/53 119/159 –

Other samples, n 11 1 12a –

Sequelae, n 4 12 16b –

Died, n (%) 30.91% (34/110) 9.43% (5/53) 23.78% (39/164) 0.03

CSF, cerebrospinal fluid; CNS, central nervous system; SD, standard deviation.
a Ascites (n = 6), drainage of cerebral abscess (n = 1), wound exudate (n = 1), bone marrow puncture tissue (n = 2), pulmonary puncture tissue (n = 1), peritoneal dialysis fluid

(n = 1).
b Vocal cord paralysis (n = 1), facioplegia (n = 1), dyskinesia (n = 3), epilepsy (n = 1), mental retardation (n = 1), limited eye abduction (n = 1), moderate disability (n = 1),

reduced movement of the limbs (n = 2), cerebellar softening range (n = 1), incontinence (n = 1), hydrocephalus (n = 1), mental abnormalities (n = 1), hydrocephalus (n = 1).
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followed by neonatal meningitis (13.04%) and intrauterine
infection (9.30%).

Reported possible sources of Listeria infection

The perinatal patients reported were almost all suffering from
community-acquired infections. Among the 154 non-perinatal
patients with data for the onset time, 51 patients with listeriosis
(33.12%) had healthcare-associated infections. Only 17 patients
were reported as having consumed a diet of raw/cold food or
unclean food, mostly barbecue. In three patients, beef and
manufactured meat sold in the supermarket were traced as the
Figure 4. Clinical presentation of perinatal listeriosis patients. (A) Clinical outcomes of 

samples reported in 204 perinatal patients (N, neonatal; M, maternal). (C) Clinical manife
rupture of the membranes; ARDS: acute respiratory distress syndrome).
sources of contamination by pulsed field gel electrophoresis
(PFGE) (Hou et al., 2015; Wang and Chen, 2016; Guo et al., 2015).

Characteristics of isolates

Serotype data were available for 87 clinical Listeria isolates and
MLST data for 43 clinical Listeria isolates. The most commonly
reported serotype was 1/2b (38/87, 43.68%), followed by 1/2a (24/
87, 27.59%), while 13 MLST subtypes were reported, namely, ST87,
ST3, ST7, ST8, ST1, ST5, ST2, ST9, ST121, ST155, ST378, ST381, and
ST778. The most commonly isolated subtype was ST87 (12/43,
27.91%).
204 perinatal patients ( the outcome of one newborn was unknown). (B) Positive
stations of maternal and neonatal listeriosis among 204 patients (PROM: premature



Table 2
Distribution of listeriosis among other diseases.

Characteristics of study populations Number of
articles

Number of
patients

Number of patients
with listeriosis

Percentage (%) Positive samples

Pneumonia in elderly 1 112 21 18.75 Sputum
Neonatal purulent meningitis 3 23 3 13.04 Blood/CSF

Intrauterine infection 1 86 8 9.30 –

Diarrhea 2 1537 104 6.77 Feces
SLE 1 16 1 6.25 Blood
New-born septicemia 4 448 27 6.03 Blood
Non-perinatal purulent meningitisa 7 562 27 4.80 CSF/blood
Neonatal pneumonia 1 51 2 3.92 Blood
Bacteremia in hemopathy 2 223 6 2.69 Blood
Bacterial vaginosis 1 732 16 2.19 Vaginal secretions
Neonatal intrauterine infection 1 51 1 1.96 –

Prenatal fever 1 11795 4 0.03 Blood (M/N)

CSF, cerebrospinal fluid; M/N, maternal/neonatal; SLE, systemic lupus erythematosus.
a Only 347 patients were reported to have positive cultures.
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The serotypes of eight L. monocytogenes isolates from perinatal
patients were 1/2b (n = 3), 1/2a (n = 4), and 4b (n = 1); two from
non-UD patients were 1/2a and 4b, and one isolated from a UD
patient was 1/2a. The serotypes of 38 L. monocytogenes isolates
obtained from blood samples were 1/2b (n = 21, 55.26%), 1/2a
(n = 13, 34.21%), 1/2c (n = 2, 5.26%), 3a (n = 1, 2.63%), and 4b (n = 1,
2.63%). The serotypes of 13 isolates obtained from CSF were 1/2b
(n = 5, 38.46%), 1/2a (n = 6, 46.15%), 4b (n = 2, 15.38%). The serotypes
of 13 isolates obtained from placenta were 1/2b (n = 9, 69.23%),1/2a
(n = 2, 15.38%), 4b (n = 2, 15.38%). The serotype of one isolate
obtained from pleural fluid was 1/2b.

The MLST results for five L. monocytogenes isolates from
perinatal patients were ST1 (n = 1), ST3 (n = 2), ST87 (n = 1), and
ST778 (n = 1); two isolates, one from a UD patient and one from a
non-UD patient, were ST8. The MLST results of 20 L. monocytogenes
isolates obtained from blood samples were ST3 (n = 2, 10.00%), ST5
(n = 2, 10.00%), ST7 (n = 4, 20.00%), ST8 (n = 3, 15.00%), ST9 (n = 1,
5.00%), ST87 (n = 6, 30.00%), ST155 (n = 1, 5.00%), and ST778 (n = 1,
5.00%); four isolates obtained from CSF were ST2, ST8, ST87, and
ST381 and three isolates obtained from the placenta were ST87
(n = 2) and ST1 (n = 1).

Discussion

The present study and that of Feng et al. (2013) report listeriosis
in mainland China; however, the cases in the present study were
reported during the years 2011–2017, while those in the study of
Feng et al. were reported during the years 1964–2010 (562 vs. 229),
and more UD patients were reported in the present study (110/163
vs. 49/70). Similarly, an increase in the number of patients with
listeriosis in Korea has also been reported over the past 10 years
(Choi et al., 2018), with the elderly and the immunocompromised
as the patients most involved. Improvements in methods of tracing
Listeria infections (Moura et al., 2016; Jackson et al., 2016),
increased awareness of listeriosis among clinicians, and the greater
number of databases searched in the present study may have
contributed to this increase in number of cases; however, it is
speculated that the number of cases of listeriosis in mainland
China may have been underestimated previously. The serious
clinical manifestations and high mortality of listeriosis may have
resulted in missed or incorrect diagnoses in past decades, which
may also have contributed to an underestimation of the number of
patients with listeriosis in the past (Kylat et al., 2016; Zolin et al.,
2017). Further research is needed to prove this. However, it was not
possible to obtain an accurate incidence rate or estimation of the
disease burden of listeriosis in China because of the study design.

Similar to other reports (Radoshevich and Cossart, 2018;
Salama et al., 2018; Charlier et al., 2017; Pucci et al., 2018),
listeriosis patients in China could be categorized into perinatal,
UD, and non-UD patients according to their characteristics.
Listeria infection shows no specific clinical manifestations, and
both syndromes and positive samples were diverse among
patients, with fever being the most common symptom (Charlier
et al., 2017). In addition to bacteremia and CNS infection, Listeria
can also lead to focal infections such as pneumonia, enteritis, and
ophthalmitis (Marsaudon et al., 2018; Wan and Dong, 2015; Zhu
et al., 2012). In the present study, the average age of non-UD
patients was relatively younger than has been reported in other
countries (Charlier et al., 2017; Choi et al., 2018). The reason for
this may be that elderly people in China prefer to eat well-cooked
food rather than raw or half-raw food. In addition, among non-
perinatal patients, the mean age of the non-UD patients was
younger than that of the UD patients (p = 0.001), and both UD and
non-UD patients developed bacteremia and/or CNS infections,
with the exclusion of a few focal infection patients in the UD
group. However, some researchers have indicated that invasive
infections such as bacteremia and CNS infections are more likely to
occur in patients with a poor immune status (McCollum et al.,
2013). As the clinical data collected for this study were not
complete, conclusions cannot be drawn about whether there is a
relationship between immunity and invasive Listeria infection,
and future studies are required. There is agreement that the
mortality rate of immunocompromised patients is higher than
that of immunocompetent patients, and most listeriosis patients
are immunocompromised (Wang et al., 2013; Charlier et al., 2017;
Arslan et al., 2015).

Perinatal listeriosis accounted for more than 50% of the total
infections in this study, which is a much higher proportion than
those reported in other countries (Pucci et al., 2018). Perinatal
listeriosis mostly occurred before 37 weeks of gestation, and the
adverse event rate was higher than in non-perinatal listeriosis
(Pucci et al., 2018); thus, it is recommended that empirical
antibiotics be used to treat perinatal infections, even when the
maternal blood culture is negative (Charlier et al., 2017). However,
Veesenmeyer and Edmondson, among others, do not recommend
the use of ampicillin as empirical treatment for newborn infections
after the first week of life because of the low morbidity of listeriosis
and high level of antimicrobial resistance of Gram-negative
bacteria (Veesenmeyer and Edmonson, 2016); therefore, it is
important to diagnose and treat perinatal listeriosis early. As not all
samples from listeriosis patients are positive (Mansbridge et al.,
2017), contributing to a delay in diagnosis of listeriosis, it is
advisable to culture multiple types of sample for listeriosis initially
(Awofisayo-Okuyelu et al., 2016).

A French national cohort study (Charlier et al., 2017) showed
that the use of active β-lactam and aminoglycoside antibiotics
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was positively correlated with survival, while for CNS infection,
dexamethasone contributed to a higher mortality rate. A delay in
the initiation of antibiotic therapy has been found to be a risk
factor for CNS infection, and starting antibiotics earlier has been
inversely related to CNS infection and high mortality rates (Arslan
et al., 2015; Maertens De Noordhout et al., 2016; Hong and Yang,
2012). As there are no treatment guidelines for listeriosis in
mainland China, the antibiotics used vary; this may be correlated
with the high mortality rate of listeriosis. Hence guidelines for
the diagnosis and treatment of listeriosis are urgently needed in
China.

Peking and the coastal areas of China reported the greatest
numbers of listeriosis patients, which may be due to the higher
detection rate of Listeria, dietary habits, and high population
density in these areas. The contamination of seafood by L.
monocytogenes has been reported in many studies (Leong et al.,
2015; Vongkamjan et al., 2017), which may also be related to the
higher number of listeriosis patients in coastal areas. In addition,
more patients were reported during the summer. Contaminated
ice cream, fruit, and other cold foods (Ottesen et al., 2016) have
been reported to cause listeriosis during hot weather, which may
be related to the pattern of Listeria infection in China. However, the
related data were not comprehensive, and the reported patients
may not represent the true situation of listeriosis in mainland
China; thus, definitive conclusions cannot be drawn.

All 562 listeriosis patients reported in this research had
sporadic infections, without evidence of an outbreak. Health-
care-associated listeriosis infections accounted for 33.12% of
infections in non-perinatal patients in this study, and 44% were
reported in a tertiary hospital in Peking (Wang et al., 2013). High
rates of healthcare-associated listeriosis have also been reported in
other countries (Maertens De Noordhout et al., 2016; Mazengia
et al., 2017). From 1999 to 2010, one listeriosis outbreak involving
82 patients aged between 8 and 12 years was reported in mainland
China; this was caused by the contamination of meals at an
elementary school (Feng et al., 2013). In the present study, only
three suspected patients were reported as outbreak patients,
without solid supporting laboratory data. However, the total
patient number increased continuously until 2013, after which it
decreased continuously until it reached 0 in 2017, which may
indicate an unidentified outbreak. Therefore, a comprehensive
monitoring system for Listeria infection is urgently needed in
China. Healthcare-associated environments and surrounding areas
must be given precedence.

Unlike the data reported previously in China, the most frequent
serotype isolated from clinical patients in this study was 1/2b
(43.68%), followed by 1/2a (27.59%). For MLST, the results of the
present study are similar to those of other studies, with ST87 being
the most frequent ST in China (Wang et al., 2015); however they are
not in agreement with results reported from other countries
(Amato et al., 2017). The reasons for the different subtype
distributions among different time periods and countries remain
unclear. It has been reported that the rate of evolution of Listeria is
low (Moura et al., 2016), so whether there is a specific geographical
distribution of Listeria and whether import and export play a role
in this phenomenon needs further study. However, the number of
isolates included in the present study was too small to draw solid
conclusions.

This systematic review has some important limitations. First, all
of the data collected were retrospective and some analyses could
not be performed, such as those involving patient age, clinical
manifestations, and pathogenic characteristics of Listeria in
mainland China. Second, the patients reported in this study may
not include all patients with listeriosis in mainland China, so the
number of patients with listeriosis in this study cannot represent
the overall epidemiology of listeriosis in China.
Acknowledgements

We thank the authors who responded to our e-mails in a timely
manner. All of them answered our questions patiently and tried
their best to help us address the questions that arose when we
analyzed duplicate patients.

Funding

This work was supported by the National Key Research and
Development Program of China (grant number 2017YFC1601503)
and the National Key Research and Development Program of China
“Study on Precision Medical Ethics, Policy and Regulation Frame-
work” (grant number 2017YFC0910100). The funders had no role in
the study design, data collection, data analyses, preparation of the
manuscript, or decision to publish.

Ethical approval

Approval was not required.

Conflict of interest

There are no conflicts of interest to report.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.ijid.2019.01.007.

References

Amato E, Filipello V, Gori M, Lomonaco S, Losio MN, Parisi A, et al. Identification of a
major Listeria monocytogenes outbreak clone linked to soft cheese in Northern
Italy—2009-2011. BMC Infect Dis 2017;17(1):342.

Arslan F, Meynet E, Sunbul M, Sipahi OR, Kurtaran B, Kaya S, et al. The clinical
features, diagnosis, treatment, and prognosis of neuroinvasive listeriosis: a
multinational study. Eur J Clin Microbiol Infect Dis 2015;34(6):1213–21.

Awofisayo-Okuyelu A, Verlander NQ, Amar C, Elson R, Grant K, Harris J. Factors
influencing the time between onset of illness and specimen collection in the
diagnosis of non-pregnancy associated listeriosis in England and Wales. BMC
Infect Dis 2016;16:311.

Charlier C, Perrodeau É, Leclercq A, Cazenave B, Pilmis B, Henry B, et al. Clinical
features and prognostic factors of listeriosis: the MONALISA national
prospective cohort study. Lancet Infect Dis 2017;17(5):510–9.

Choi MH, Park YJ, Kim M, Seo YH, Kim YA, Choi JY, et al. Increasing incidence of
Listeriosis and infection-associated clinical outcomes. Ann Lab Med 2018;38
(2):102–9.

Feng Y, Wu S, Varma JK, Klena JD, Angulo FJ, Ran L. Systematic review of human
listeriosis in China: 1964-2010. Trop Med Int Health 2013;18(10):1248–56.

Guo CJ, Zhang LR, Gao X. Pathogen analysis of two patients infected Listeria
monocytogenes. Chin J Health Lab Technol 2015;3:356–7.

Hong MK, Yang CK. Congenital listeriosis: a review of cases in Taiwan since 1990
until 2011. Taiwan J Obstet Gynecol 2012;51(2):289–91.

Hou PB, Li XP, Fang M, Chen YZ, Zhang HN, Bi ZW. Analysis of the causes of food
traceability in 1 case of Listeria monocytogenes. Chin J Health Lab Technol 2015;
20:3534–6.

Jackson BR, Tarr C, Strain E, Jackson KA, Conrad A, Carleton H, et al. Implementation
of nationwide real-time whole-genome sequencing to enhance listeriosis
outbreak detection and investigation. Clin Infect Dis 2016;63(3):380–6.

Kylat RI, Bartholomew A, Cramer N, Bader MY. Neonatal listeriosis: uncommon or
misdiagnosed?. J Neonatal Perinatal Med 2016;9(3):313–6.

Leong D, Alvarez-Ordóñez A, Zaouali S, Jordan K. Examination of Listeria
monocytogenes in seafood processing facilities and smoked salmon in the
Republic of Ireland. J Food Prot 2015;78(12):2184–90.

Li HX, Liu Y, Jiang H, Xue WL. A case of simultaneous infection of blood and bone
marrow with Listeria ivanovii and Pseudomonas shigelloides. Chin J Clin 2012;
2:528–9.

Maertens De Noordhout C, Devleesschauwer B, Maertens De Noordhout A, Blocher J,
Haagsma JA, Havelaar AH, et al. Comorbidities and factors associated with
central nervous system infections and death in non-perinatal listeriosis: a
clinical case series. BMC Infect Dis 2016;16:256.

Mansbridge CT, Grecu I, Li Voon Chong JS, Vandervelde C, Saeed K. Two cases of
listeria rhombencephalitis. IDCases 2017;11:22–5.

Marsaudon E, Berthy J, Mamoune S, Deniel A, Ksiyer S, Tiuca D. A Listeria breast
abscess in a man. Rev Med Internet 2018;39(3):195–9.

https://doi.org/10.1016/j.ijid.2019.01.007
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0005
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0010
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0015
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0020
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0025
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0030
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0035
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0040
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0045
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0050
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0055
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0060
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0065
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0070
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0075
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0080
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0080


24 Z. Fan et al. / International Journal of Infectious Diseases 81 (2019) 17–24
Mazengia E, Kawakami V, Rietberg K, Kay M, Wyman P, Skilton C, et al. Hospital-
acquired listeriosis linked to a persistently contaminated milkshake machine.
Epidemiol Infect 2017;145(5):857–63.

McCollum JT, Cronquist AB, Silk BJ, Jackson KA, O’Connor KA, Cosgrove S, et al.
Multistate outbreak of listeriosis associated with cantaloupe. N Engl J Med
2013;369(10):944–53.

Moura A, Criscuolo A, Pouseele H, Maury MM, Leclercq A, Tarr C, et al. Whole
genome-based population biology and epidemiological surveillance of Listeria
monocytogenes. Nat Microbiol 2016;2:16185.

Muñoz-Gallego I, Candela Ganoza G, Chaves F, San Juan R, Orellana MA. Listeria
monocytogenes bacteraemia over an 11-year period: clinical and epidemiologic
characteristics in the south area of Madrid. J Infect 2017;75(3):276–8.

Ottesen A, Ramachandran P, Reed E, White JR, Hasan N, Subramanian P, et al.
Enrichment dynamics of Listeria monocytogenes and the associated micro-
biome from naturally contaminated ice cream linked to a listeriosis outbreak.
BMC Microbiol 2016;16(1):275.

Pucci L, Massacesi M, Liuzzi G. Clinical management of women with listeriosis risk
during pregnancy: a review of national guidelines. Expert Rev Anti Infect Ther
2018;16(1):13–21.

Radoshevich L, Cossart P. Listeria monocytogenes: towards a complete picture of its
physiology and pathogenesis. Nat Rev Microbiol 2018;16(1):32–46.

Salama M, Amitai Z, Ezernitchi AV, Sheffer R, Jaffe J, Rahmani S, et al. Surveillance of
listeriosis in the Tel Aviv District, Israel, 2010-2015. Epidemiol Infect 2018;1–8.

Veesenmeyer AF, Edmonson MB. Trends in US hospital stays for listeriosis in infants.
Hosp Pediatr 2016;6(4):196–203.
Vongkamjan K, Benjakul S, Kim Vu HT, Vuddhakul V. Longitudinal monitoring of
Listeria monocytogenes and Listeria phages in seafood processing environ-
ments in Thailand. Food Microbiol 2017;66:11–9.

Wan Q, Dong L. One case of Listeria monocytogenes sepsis with eye and skin as the
first site of symptoms and literature review. J Intern Intensive Med 2015;21
(5):380–2.

Wang LL, Chen Q. An etiological analysis and molecular characteristics studies of
Listeria monocytogenes isolated from a pregnant woman. Cap J Public Health.
2016;10(3):103–6.

Wang HL, Ghanem KG, Wang P, Yang S, Li TS. Listeriosis at a tertiary care hospital in
Beijing, China: high prevalence of nonclustered healthcare-associated cases
among adult patients. Clin Infect Dis 2013;56(5):666–76.

Wang Y, Jiao Y, Lan R, Xu X, Liu G, Wang X, et al. Characterization of Listeria
monocytogenes isolated from human Listeriosis cases in China. Emerg Microbes
Infect 2015;4(8):e50.

Wu S, Wu Q, Zhang J, Chen M, Guo W. Analysis of multilocus sequence typing and
virulence characterization of Listeria monocytogenes isolates from Chinese
retail ready-to-eat food. Front Microbiol 2016;7:168.

Zhu LY, Li Z, An D. Listeria pneumonia: a case report. China Pract Med 2012;26:185.
Zolin A, Amato E, D’Auria M, Gori M, Huedo P, Bossi A, et al. Estimating the real

incidence of invasive listeriosis through an integrated surveillance model in use
in Lombardy (Italy: 2006-2014). Epidemiol Infect 2017;145(10):2072–80.

de Noordhout CM, Devleesschauwer B, Angulo FJ, Verbeke G, Haagsma J, Kirk M,
et al. The global burden of listeriosis: a systematic review and meta-analysis.
Lancet Infect Dis 2014;14(11):1073–82.

http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0085
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0090
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0095
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0100
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0105
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0110
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0110
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0110
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0115
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0120
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0120
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0125
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0130
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0130
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0130
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0135
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0135
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0135
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0140
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0145
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0150
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0155
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0160
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0165
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0165
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0165
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0170
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0170
http://refhub.elsevier.com/S1201-9712(19)30018-9/sbref0170

	Listeriosis in mainland China: A systematic review
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data extraction
	Study definitions
	Statistical analysis

	Results
	Listeriosis in mainland China
	Non-perinatal patients
	Perinatal patients
	Distribution of listeriosis reported among other diseases
	Reported possible sources of Listeria infection
	Characteristics of isolates

	Discussion
	Acknowledgements
	Funding
	Ethical approval
	Conflict of interest
	Appendix A Supplementary data
	References


