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Abstract
Background: Central nervous system (CNS) infections are relatively rare but associated with high
mortality worldwide. Empirical antimicrobial therapy is crucial for the prognosis of patients with CNS
infections, which should be based on the  knowledge of pathogens distribution and antibiotic
sensitivities. China is a vast country, and the pathogens distribution varies nationwide. The aim of this
study is to investigate the features of pathogens in patients with CNS infections in north China and we
tried to evaluate the risk factors for mortality.

Methods: We retrospectively analyzed the patients with positive cerebrospinal �uid (CSF) culture in a
teaching hospital between January 2012 and December 2019. The following information were collected:
demographic characteristics, laboratory data, causative organisms and antimicrobial susceptibility
results. Univariate analysis and binary logistic regression analysis were performed to identify the risk
factors for mortality.

Results: In this eight-year retrospective study, a total of 72 patients were diagnosed with CNS infections
and 86 isolates were identi�ed. Among all the microorganisms detected, Gram-positive strains consisted
of 59.3%, Gram-negative bacteria of 30.2% and fungi of 10.5%. The predominant Gram-positive isolate
was coagulase-negative staphylococci. Acinetobacter baumannii, Escherichia coli and Klebsiella were the
common Gram-negative strains. Compared to 2012-2015 years, the proportion of Gram-negative bacteria
increased markedly during 2016-2019 years. Vancomycin, teicoplanin and linezolid were still 100%
sensitive to Gram-positive bacteria. For the multidrug-resistant Gram-negative bacteria, only tigecycline
was the 100% sensitive antibiotics. The mortality of the 72 patients was 30.6%. In the multivariate
analysis, age >50 years, combined pulmonary infection and CSF glucose < normal value were associated
with poor prognosis.

Conclusions: CNS infections cause high mortality worldwide. Although Gram-positive bacteria are still the
primary pathogen of CNS infections, Gram-negative bacteria had increased in recent years and should be
considered in the choice of empirical antibiotic treatment. Special attention should be given to older
patients and those combined pulmonary infection and with low CSF glucose level.

Background
Central nervous system (CNS) infections include meningitis, encephalitis, and brain abscesses, can be
complications following neurosurgical operations or occur spontaneously [1, 2]. CNS infections cause
signi�cant mortality worldwide, resulting in a poor prognosis with prolonged length of hospital stay and
increasing the total cost of illness [1–5]. The pathogens causing such infections include bacteria, viruses,
fungi and parasites, and it is reported that there are more than 100 pathogens that cause CNS infections
[5]. Cerebrospinal �uid (CSF) specimens are commonly examined to determine the etiology of CNS
infections, but the �nal results of the culture are often not available for 48 h or more [6, 7]. Thus, empiric
antimicrobial therapy is essential pending identi�cation of the pathogen, which should be based on the



Page 3/13

knowledge of the prevalence of bacterial organisms and antibiotic sensitivities. However, antibiotic
therapy of CNS infections has been limited due to the ine�ciency of drug transport across the blood-
brain barrier (BBB) and the emergence of multidrug-resistant (MDR) strains [8–11]. In addition, the
prevalence rates for pathogens causing bacterial infections vary with time, geographical distribution and
underlying medical conditions [12]. China is a vast country, and the level of medical care varies
nationwide, the availability of local bacterial prevalence and antibiotic sensitivities data could help to
improve the antimicrobial drugs administration.

Furthermore, to explore the risk factors associated with the prognosis of patients with CNS infections
would help to identify high-risk patients and provide appropriate treatment, which is of great signi�cance
for improving the patients outcomes. There were numerous studies reported the potential risk factors
associated with the incidence of CNS infections in the last decades [13–15], however, data on risk factors
associated with patient outcomes is limited. Herein, we present a epidemiology research of CNS
infections at a large teaching hospital in north China and attempt to evaluate the crucial risk factors
affecting patients outcomes following such challenging infection.

Methods

Data collection
This retrospective study was carried out at The Second Hospital of Shanxi Medical University, a 2700-bed
tertiary teaching hospital in Shanxi, China. From January 2012 to December 2019, all patients with
positive CSF cultures reported by the microbiological laboratory were retrospectively analyzed. Data were
abstracted from the electronic medical records. For each patient, three main sets of records were
collected. The �rst set of records related to the general demographic characteristics, including age, sex,
department, comorbidity, hospital length of stay, surgery and invasive device. The second set of records
concerned the pathogens isolates and their antimicrobial susceptibility results. The same strains isolated
from CSF of a patient within a week were considered to be the same strains. The third set of records
consisted of data related to the laboratory, as follows: glucose, protein, chlorine, adenosine deaminase
(ADA), leukocyte count and erythrocyte count in CSF; white blood cell, neutrophils and percentage of
neutrophils in blood; liver function indicators include alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), alkaline phosphatase (ALP), total protein and albumin
levels; renal function indicators as creatinine and urea nitrogen levels. Laboratory data was recorded as
the recent data from the collection time of CSF samples.

Microbiology and antimicrobial susceptibility testing
After the CSF samples were received, centrifugation and gram stain were performed to suggest the
bacterial species initially. Blood agar plates, chocolate agar plates and MacConkey agar plates were used
for bacterial culture, and plates are incubated in carbon dioxide at 35°C. Isolates were identi�ed by the
Vitek 2 automated system (Biomerieux, France). Antimicrobial susceptibility of bacteria was tested by
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Kirby-Bauer disk diffusion method and interpreted according to the latest standards of Clinical and
Laboratory Standards Institute (CLSI) Guidelines.

De�nitions
CNS infections was diagnosed according to the de�nitions of Centers for Disease Control and Prevention
(CDC) as follows [16]: (1) isolation of pathogens from CSF; (2) patient was considered at least one of the
following signs with no other recognized cause: fever ( 38℃), headache, stiff neck, meningeal signs,
cranial nerve signs, changing level of consciousness, or confusion; (3) increased white cells, elevated
protein, and/or decreased glucose in CSF. MDR is de�ned as non-susceptibility to three or more classes of
antibiotics, and extensively drug-resistant (XDR) is de�ned as non-susceptibility to at least one agent in
all but two or fewer antimicrobial categories [17, 18]. The study population was divided into two groups
according to the �nal outcome of whether the patient survived.

Statistical Analysis
Data were analyzed with SPSS software version 16.0. The statistical results for continuous data were
recorded as mean ± SD or median (IQR) values according to the statistical distribution, and categorical
parameters as number (%). To compare the difference between two groups of patients (survivors and
non-survivors), categorical variables were analyzed by a Chi-square test or Fisher’s extract test, as
required. Independent samples t-test was used for continuous variables with normal distribution, and
continuous variables with non-normal distribution were compared by using the independent samples
Mann-Whitney U test. Two-tailed tests were used to determine statistical signi�cance and a p value < 0.05
was considered statistically signi�cant. Factors with a p value < 0.1 in univariate Chi-square test or
Fisher’s extract test were included in a binary logistic regression model to identify the independent risk
factors. Laboratory data were converted to dichotomous variables by selecting a cut-off point based on
the maximum or minimum referenced values.

Results

Study population
During January 2012 to December 2019, we obtained 111 positive CSF culture samples from 98 patients.
Of these, 22 patients were excluded due to they did not meet the diagnostic criteria of CNS infections. In
addition, 4 patients were removed because they were diagnosed with viral meningitis by the attending
clinicians. Finally, 72 patients were considered with CNS infections caused by bacteria or fungi, and 86
isolates were identi�ed. Table 1 shows the characteristics of the study population.

Microbiology
The distribution of 86 isolates is shown in table 2. Among all the microorganisms detected, Gram-positive
strains consisted of 59.3%, Gram-negative bacteria of 30.2% and fungi of 10.5%. The predominant Gram-
positive isolate was Coagulase-negative staphylococci (CoNS, 43.0%), followed by Enterococcus faecium
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(5.8%) and Streptococcus pneumoniae (5.8%). Acinetobacter baumannii (7.0%), Escherichia coli (7.0%)
and Klebsiella (5.8%) were the common Gram-negative strains. In addition, 9 fungal isolates were
identi�ed and 6 of them were Cryptococcus neoformans.

Meanwhile, the change of pathogens distribution in different periods was revealed in Fig. 1 and table 2.
We can observe that the Gram-positive bacteria were still the dominant pathogens, however, the
proportion of Gram-negative bacteria increased markedly from 15.4% in 2012–2015 years to 42.6% in
2016–2019 years. Moreover, fungi were also found more frequently in the later period. Particularly,
Streptococcus pneumoniae and Klebsiella were identi�ed merely in the 2016–2019 years.

Antimicrobial susceptibility testing
Of the 86 strains, in vitro antibiotic sensitivities of Gram-positive isolates are shown in table 3. CoNS were
80% sensitive to rifampicin and 100% sensitive to vancomycin, teicoplanin and linezolid. Among the
Streptococcus pneumoniae, they were all sensitive to levo�oxacin, moxi�oxacin vancomycin and
teicoplanin. For the Enterococcus faecium, vancomycin, teicoplanin and linezolid were 100% sensitive
antibiotics. Of the Gram-negative isolates, Acinetobacter baumannii were 83.3% sensitive to minocycline
and no species were resistant to tigecycline. Escherichia coli were 100% sensitive to amikacin,
meropenem and imipenem. For the Klebsiella pneumoniae, only tigecycline was the 100% sensitive
antibiotics. The antibiotic sensitivities details of Gram-negative isolates are shown in table 4. For fungal
isolates, Cryptococcus neoformans were 100% sensitive to 5-�uorouracil, amphotericin B, �uconazole
and voriconazole.

Risk factors
The demographic and clinical characteristics of both survivors and non-survivors with CNS infections are
shown in Table 5. Of the study population, 50 patients survived and 22 patients died with a mortality of
30.6%. In univariate analysis, we found signi�cant differences of two groups in the following aspects:
age, pulmonary infection, hypertension, CSF glucose level, CSF protein level, CSF leukocyte count, blood
percentage of neutrophils, ALT, AST, serum albumin, and urea nitrogen levels. In binary logistic regression
analysis, we found age > 50 years, pulmonary infection, and CSF glucose < normal value were
independent risk factors for mortality. Table 6 shows the �nal logistic regression model.

Discussion
Microbiological examination of the CSF specimen is an important basis for the diagnosis and treatment
of CNS infections. We retrospectively analyzed the patients with positive CSF culture and aimed to
explore the etiology, antibiotic sensitivity and risk factors affecting the clinical outcomes of patients with
CNS infections. Due to a lack of standardization of the available assays and uncertainty about sample
collection and processing. False positive CSF culture can be discovered in some studies [11, 19]. In our
study, 111 positive CSF culture specimens were identi�ed.
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According to the results of retrospective analysis, 26 samples from 26 patients were considered to be
false positive in our 8-year study.

Of the 86 isolates detected from patients con�rmed with CNS infections, the general pathogens
distribution of Gram-positive, Gram-negative and Eumycetes in the paper were 59.3, 30.2 and 10.5%,
respectively. Which was approximate to the results of the previous studies [11, 20]. In our study, the top
seven pathogens were CoNS (43.0%), Acinetobacter baumannii (7.0%), Escherichia coli (7.0%),
Cryptococcus neoformans (7.0%), Enterococcus faecium (5.8%), Streptococcus pneumoniae (5.8%) and
Klebsiella (5.8%). Which was not differ signi�cantly from the multicenter study of positive CSF isolates
from China Antimicrobial Surveillance Network (CHINET, www.chinets.com), as they showed that CoNS
was the most frequent isolates (> 44.97%), followed by Acinetobacter baumannii (12.43%), Klebsiella
pneumoniae (8.23%), Enterococcus faecium (3.95%), Escherichia coli (3.92%), Staphylococcus aureus
(2.61%) and Enterococcus faecalis (2.42%) in 2019. Whereas, Cryptococcus neoformans accounted for a
higher percentage in our study, thus fungal CNS infections should be considered when conventional
empirical treatment is ineffective.

With respect to the pathogens distribution in different periods, we found that the proportion of Gram-
negative bacteria increased markedly from 15.4% in 2012–2015 years to 43.5% in 2016–2019 years. In
the last decades, Gram-negative bacteria had attracted more attention from clinicians, especially
MDR/XDR Acinetobacter baumannii and Enterobacteriaceae [21–25]. In our study, Acinetobacter
baumannii and Klebsiella were the signi�cantly increased strains and the most frequent causative Gram-
negative strains in the later period, accounting for 21.2% of the total isolates. Of the Gram-positive
bacteria, CoNS were still the predominant organism although the percentage of it reduced dramatically
from 61.5–27.7%. In addition, compare to 2012–2015 years, the species and quantities of isolated
strains increased during 2016–2019 years, the Streptococcus pneumoniae and Klebsiella were identi�ed
merely in the later period. Cultivation of Streptococcus pneumoniae has been challenging because
autolysis resulted in decreased viability [25], the discovery of it could be associated with the development
of the laboratory and microbiological inspection techniques. The elevated microbial species in the later
period might also demonstrate this opinion.

As for the results of antibiotic sensitivity in this study, Gram-positive bacteria was still 100% sensitive to
vancomycin, teicoplanin and linezolid. Of them, 81.1% (30/37) of the CoNS were methicillin-resistant
strains. This �nding was higher than the other studies, which were reported 75% and approximately
55%-75% respectively [11, 26]. Additionally, CoNS was 80% sensitive to rifampicin. However, rifampicin is
usually used to destroy the tuberculosis bacilli, monotherapy might develop drug resistance easily. The
use of rifampicin as part of a combination therapy for CoNS infections of the CNS might be worth
considering. Of the Streptococcus pneumoniae, 60% (3/5) strains were resistance to penicillin in our
study, the result was lower than an Ethiopian study [27], which showed that 100% resistance to penicillin.
Moreover, there were several studies reported about vancomycin-resistant Enterococcus faecium [28–30],
yet, no vancomycin-resistant strains were identi�ed at the present study.

http://www.chinets.com/
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For the Gram-negative isolates, XDR strains accounted for 20.8% of the Acinetobacter in an Indian study
[31], yet, 83.3% (5/6) of the Acinetobacter baumannii strains were XDR bacteria as we showed. An
obvious distinction was the sensibility to cefoperazone-sulbactum, approximately 74% of the
Acinetobacter isolates were found to be sensitive to it in Indian [31]. However, Acinetobacter baumannii
strains were all resistant to it in our study. One possible cause may be the different region and medical
conditions. The data presented by two Chinese hospitals about Acinetobacter baumannii indicated low
sensitivity to cefoperazone-sulbactum, which were 5.3%, 16.3% respectively [20, 23]. It is possibly
indicated that the antibiotic resistance of Acinetobacter baumannii is relatively severe among
Acinetobacter. In the meantime, meningitis caused by Enterobacteriaceae, particularly carbapenem-
resistant Enterobacteriaceae (CRE) remains a therapeutic challenge worldwide [24]. Among the
Enterobacteriaceae strains in our study, carbapenem-resistant species appeared only in the Klebsiella.
Four isolates of �ve Klebsiella showed resistance to carbapenems antibiotics, in which three Klebsiella
pneumoniae were all carbapenem-resistant strains. With regards to the Escherichia coli, our �ndings
presented low sensibility to cephalosporins, but they were 100% sensitive to carbapenems antibiotics.
This phenomenon might demonstrated that the major resistance mechanism of the Escherichia coli in
our hospital is the production of beta- lactamase enzymes rather than carbapenemases.

Antimicrobial agents have been used successfully to treat infectious diseases for a long time.
Unfortunately, the misuse and overuse of antibiotics has led to increased antibiotic resistance [32].
Antimicrobial therapy for CNS infections is complicated due to the emergence of MDR strains.
Particularly, for Gram-negative bacteria, tigecycline, polymyxin/colistin are usually used for the treatment
of MDR/XDR Acinetobacter baumannii and Klebsiella pneumoniae infections [24, 33]. Nevertheless, due
to the existence of the BBB, CNS infections does not show any improvement when treated with them by
intravenous administration. Hence, the intrathecal (ITH) or intraventricular (IVT) administration of
antibiotics had been performed in recent years [34–37]. Whereas, ITH and IVT antibiotic therapy has not
been standardized [2]. Further work is needed to explore the antimicrobial therapy through ITH/IVT
approach, this might signi�cantly improve the outcomes of patients with CNS infections.

A previous study showed that mortality due to bacterial meningitis ranges from 10 to 20% in high
resource settings and as high as 50% in lower resource settings [6]. Our study showed the mortality rate
of CNS infections was 30.6% in our hospital. Therefore, it is important to determine the risk factors
affecting the outcomes of patients with bacterial CNS infections, particularly in developing countries.
Previous studies predicted survival following CNS infections and suggested that age > 40 years, presence
of external ventricular drainage, low CSF glucose levels, high CSF protein levels, CSF leukocyte count > 
200 cells/mm3, ICU admission, and the presence of comorbidities were risk factors for mortality [31, 38,
39]. In our analysis, age > 50, comorbidity (pulmonary infection) and CSF glucose < normal value were
independent risk factors for mortality. Older patients are usually characterised by marked altered organ
and physiological functions that often requires distinct treatment, such as individual drug administration
and extracorporeal therapies. Thus, comprehensive assessment of the patients status is necessary before
the treatment, especially for older patients. Concurrent pulmonary infections might complicate the
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antibiotic therapy and lead to a poor prognosis at last. Low glucose level in CSF is a crucial diagnostic
criterion of CNS infections. Our �ndings showed that this indicator is not only important indicator of
diagnosis, but also crucial indicator to judge the prognosis of patients. The decreased level of CSF
glucose might related to the severity of CNS infections. We believe that exploring the risk factors for
mortality could help clinicians to pay particular attention to this clinical condition and improve the
patients outcomes.

The present study has some limitations. First, this was a single-center study with a small sample size,
characteristics that may restrict the applicability of its �ndings to all patients with CNS infections.
Second, due to the limitation of retrospective study, drug sensitivity results were not acquired in some
antibiotics. Finally, we did not analyze the cause of CNS infections, whether it was related to surgery.

Conclusion
CNS infections are serious diseases and could lead to a higher mortality rate. Although Gram-positive
bacteria are still the primary pathogen of CNS infections, Gram-negative organisms had increased
dramatically in recent years. For Gram-positive bacteria, vancomycin was still the 100% sensitive
antibiotics and the last resort of the treatment. Unfortunately, there are great challenge for the treatment
of MDR/XDR Gram-negative bacteria. Although tigecycline was 100% sensitive antibiotic, it is hard to
penetrate through the BBB. ITH and IVT antibiotic therapy might be the effective treatment methods and
more explore is needed. In addition, special attention should be given to older patients and those
combined pulmonary infection and with low CSF glucose level.
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Figure 1

Change of pathogens distribution in different periods
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