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Abstract
The incidence of infections affecting the central nervous system has increased in recent years, making neuroinfections a current global 
health problem. The central nervous system is quite well protected from the external and internal environments, although it is sus-
ceptible to infection by a wide variety of pathogens. The etiological diversity further complicates the management of such infections 
because it is important to identify correctly the specific cause in order to choose the most appropriate antimicrobial therapy. Diagnosis 
is made not only based on clinical and epidemiological data but also on the results of clinical laboratory and microbiological examina-
tion of cerebrospinal fluid. This article aims to review current microbiological methods in the diagnosis of acute central nervous system 
infections and help healthcare providers to recognize their advantages and limitations in order to manage their patients appropriately.
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INTRODUCTION

The incidence of infections affecting the central nervous 
system (CNS) has increased in recent years despite the  
remarkable advances in infection control and public health, 
such as the introduction of vaccine prophylaxis and the  
development of new antibiotics.[1] This is largely depen-
dent on the growing number of immunocompromised  
individuals owing to the rise in oncological and autoim-
mune diseases, the widespread use of a variety of immu-
nosuppressive drugs, as well as the expansion of HIV in-
fection. According to data from the National Center for 
Infectious and Parasitic Diseases (NCIPD) in Bulgaria, the 
main cause of mortality among acute infectious diseases in 
the country for 2018 was neuroinfections, accounting for 
40% of all deaths. The continuous development of antimi-

crobial resistance is another factor that adversely affects the 
control of patients with neuroinfections, which severely 
limits the treatment options and the choice of empirical an-
timicrobial therapy.

Pathogens associated with CNS infections are diverse 
including viruses, bacteria, fungi, and parasites. These  
microorganisms differ greatly by geographical region, 
country, age, immunological reactivity of the macroorgan-
ism, and levels of the vaccine prophylaxis. This etiological 
diversity is a real challenge and makes it very difficult both 
to identify the specific cause and to guide the most appro-
priate therapy. Therefore, it is recommended to start em-
pirical antibiotic therapy before obtaining results from the 
microbiological analysis.
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Microbiological evaluation of acute CNS 
infections

For optimal results, it is of great importance to collect cere-
brospinal fluid (CSF) specimens and transport them prop-
erly to the laboratory of microbiology.[2,3] It is advised that 
clinical samples should be taken before the initiation of  
antimicrobial therapy, but on no occasion should treatment 
be delayed to obtain the CSF. WHO recommends process-
ing CSF samples within 1 hour of collection.[3]

The most commonly used methods for microbiological 
diagnosis include direct microscopic examination and CSF 
culture with subsequent isolate identification.[3,4] Although 
these approaches are widely used in diagnosing patients 
with neuroinfections, they have significant limitations and 
may not always provide a rapid and accurate etiological  
diagnosis. In order to overcome the limiting factors of the 
conventional methods for microbiological diagnosis, other 
tests such as latex-agglutination test (LAT) and nucleic acid 
amplification techniques were introduced.

Direct microscopy and staining

In 1884, while working in the Berlin morgue under the di-
rection of Dr. Friedlander, the Danish bacteriologist Hans 
Christian Joachim Gram created a new method of stain-
ing. In an attempt to find the cause of bacterial pneumonia, 
Gram noticed that some bacteria, once stained blue with an-
iline-gentian violet, did not discolour after the subsequent 
application of ethanol (Gram +), while others lost their co-
lour (Gram −). This is due to structural differences in the 
bacterial cell wall. A few years later, the German patholo-
gist Carl Weigert modified the procedure by proposing the  
addition of a second dye (safranine), subsequently staining 
the already discoloured Gram (−) bacterial cells in red.[5]

Although Gram was modest about his discovery, for 
more than 130 years, Gram staining, along with CSF cul-
turing, has been the most widely used method for microbi-
ological diagnosis in patients with acute neuroinfection.[5,6]  
It is not only a fast but also cheap and easy-to-perform 
technique. However, it is not applicable in patients with 
viral infections of the CNS. Furthermore, in bacterial neu-
roinfections, the positive rate varies greatly. According to 
some authors, it ranges between 60 and 90%, while others 
report success in Gram stain examination in 24-97%.[4,7] 

Given the most common bacterial pathogens associat-
ed with neuroinfections and their specific morphological 
characteristics, visualization of Gram (+) cocci in pairs 
points to S. pneumoniae, Gram (−) diplococci to N. men-
ingitidis, Gram (+) rods to L. monocytogenes, and Gram 
(−) polymorphic rods to H. influenzae.[1] The presence of 
Gram (−) rods has been rarely observed in immunocom-
petent individuals, except in the presence of predisposing 
factors, and it is usually attributed to enteric bacteria.[8] Be-
sides all this, an experienced microbiologist is needed to 
correctly interpret these findings. False-positive results of 
direct microscopic examination may be due to misinter-

pretation by the observer, as well as contamination of the 
clinical samples or reagents.[4]

It has been found that the sensitivity of direct micros-
copy varies significantly with the exact bacterium present. 
In the highest proportion, Gram staining has been able 
to establish the aetiology of patients with pneumococcal 
meningitis (69-93%). The direct microscopic examination 
could reveal H. influenzae in 25-65%, and meningococci 
in 30-89%. According to some other authors, H. influen-
zae can be found in higher percentage – 86%.[4] If L. mono-
cytogenes is present both in adults and children, the sensi-
tivity of the Gram staining is even lower (10%-35%). Only 
half of the Gram (−) microorganisms could be observed 
under a microscope.[10]

In a currently not published study on the application 
of Gram staining in bacterial meningitis, we were able to 
confirm some of these observations. The overall positivity 
rate of Gram stain examination we determined was 52.2%. 
The majority of cases were due to S. pneumoniae, which 
we observed on Gram stain in 90% of all pneumococcal 
neuroinfections. The method failed to detect culture-pos-
itive listerial meningoencephalitis, as well as H. influenzae 
and the majority of the Gram (−) enteric pathogens of CNS  
infections. We calculated a sensitivity of the direct micros-
copy with Gram stain of 48% (95% CI 21.8–68.1%) and 
specificity of 100% (95% CI 95.8–100%).[51]

In addition, the method is highly sensitive to an initiat-
ed antibiotic treatment prior to the CSF collection because 
these drugs can rapidly decrease the number of pathogens 
presented.[7,9] The sensitivity can be reduced by nearly 20% 
in CSF samples collected from patients pretreated with an-
timicrobials when compared to individuals who did not 
receive any antibiotic therapy prior to the specimen col-
lection.[4,10] This is due to the fact that the likelihood of 
detecting an etiological agent by Gram stain depends on 
the concentration of the pathogen in the clinical sample. At 
concentrations of 103 colony-forming units (CFU)/ml and 
below, the staining is positive only in 25%, at a concentra-
tion of 103 – 105 CFU/ml in 60%, while at a concentration 
of 105 CFU/ml and more, a positive result is observed in 
nearly 97%.[10] Studies have demonstrated that the CSF can 
be rapidly cleared of bacteria after parenteral use of antibi-
otics sterilizing the sample after 4 hours of application in 
pneumococcal and 2 to 6 hours in meningococcal menin-
gitis.[11,12] The reduced number of pathogens may not only 
be due to the prior use of antimicrobials but also improper 
storage and transport of the clinical samples to the labora-
tory of microbiology.

Other staining methods show an even lower sensitivi-
ty when compared to Gram stain. Among patients with  
tuberculous meningitis, where Gram staining is not a 
choice, even if specific staining methods for acid-fast bacte-
ria are used (such as Ziehl-Neelsen stain or Kinyoun stain), 
success can be achieved only in 10% – 50%.[13,14]

Notwithstanding, it is reasonable to point out that the 
method allows evaluating the cellular reaction by observ-
ing inflammatory cells and determining their type, if pres-
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ent, which sometimes can help differentiate between con-
tamination and true infection.

CSF culture

CSF culture is considered the ‘gold standard’ in the diag-
nosis of neuroinfectious diseases, especially in the case of 
bacterial meningitis. The method is based on inoculation 
of CSF samples in specific growth media, incubation of the 
plates at appropriate conditions, and subsequent identi-
fication of the colonies, if present. The results are usually 
available in 24 to 72 hours, depending on the type of mi-
croorganism and the identification method available at the 
laboratory, which is a significant disadvantage in emer-
gency conditions like an acute CNS infection.[2,7,15] The 
utilization of modern systems like Matrix-Assisted Laser 
Desorption Ionization Time-of-Flight Mass Spectrometry 
(MALDI-TOF MS) can significantly increase the time to 
the final identification of the isolate compared to the tradi-
tional biochemical method for identification. Even more, 
CSF culture result is greatly influenced by the transporta-
tion of the clinical material to the laboratory and the time 
to the initiation of empiric therapy. As already mentioned, 
WHO recommends that cerebrospinal fluid should be de-
livered to the laboratory within 1 hour of specimen collec-
tion, which in real practice cannot always be achieved.[3] 
Similar to Gram staining, the overall positivity rate of CSF 
cultures also varies, but in a narrower range (70%-85%), 
even if it is collected and transported correctly, or collected 
before the initiation of antibiotic therapy.[3,16] Other au-
thors report a 60-90% positive rate under the same con-
ditions.[7] It has been found that a positive result of cul-
turing is possible only when collecting clinical samples up 
to 4 hours after the application of antibiotic treatment.[2,17] 

Other researchers have reported a wider window period 
with a culture-negative result one day after the initiation of 
antimicrobial therapy.[18] A study by Etyang et al. compared 
the recovery rate by direct bedside inoculation of cerebro-
spinal fluid and the traditional laboratory culture method. 
The obtained results showed the absence of statistically sig-
nificant differences when comparing the two approaches. 
However, significant differences in time were found, with 
bedside cultures showing growth 5 hours earlier than the 
conventional laboratory cultures.[19]

Another factor worth mentioning is the use of liquid 
growth media for enrichment. These are found to slight-
ly increase the sensitivity of the CSF culture but are asso-
ciated with multiplying contaminants and thus reporting 
false-positive results without contributing much to the  
diagnosis.[20-22] It has been reported that when inoculating 
CSF samples into BACTEC blood culture bottles, a high-
er detection rate is observed comparing culturing on solid 
growth media (agars).[23]

A study in the UK of 103 patients with meningococcal 
meningitis found that only 13% of them had a positive CSF 
culture.[24] Another research from Nepal of 296 patients 
under the age of 18 found that only 4.4% of them had a 

positive culture result.[25] Mycobacterial culture in patients 
with tuberculous meningitis has a sensitivity of about 40%-
50%. The results can be interpreted after 8–10 days only 
when inoculated in liquid media.[26,27] In another study 
among patients with the same disease, M. tuberculosis was 
cultured only in 31.2%.[28] Larger amounts of cerebrospinal 
fluid in the range of 5-10 ml are needed for the cultivation 
of mycobacteria as well as for fungi.[29] 

Cryptococcus neoformans culture is also considered the 
gold standard, but higher volumes are needed to increase 
the sensitivity of the method otherwise false-negative  
results can occur. Furthermore, the fungus growth may  
require up to 10 days.[30]

Due to the long time required for viral cultures and the 
low sensitivity, the culture method cannot provide a timely 
etiological diagnosis of viral pathogens.[15] Therefore, it is 
not applicable in the emergency of acute CNS infections 
and it is only of retrospective consideration. The sensitivi-
ty of the enteroviral culturing, the most common cause of 
viral meningitis, ranges between 65 and 75%, and some of 
them, such as Coxsackievirus A, are extremely difficult to be 
grown in vitro.[15,31]

Blood for blood cultures

Given the fact that the haematogenous spread of microor-
ganisms is the most commonly encountered mechanism 
for CNS invasion and infection, blood samples for blood 
cultures can help determine the aetiology in neuroinfec-
tions. The higher positivity rates are associated with the 
implementation of automated blood culture systems. How-
ever, similar to CSF culturing, blood culture results are also 
dependent on the exact bacterial pathogen and the use of 
antibiotics before blood collection can decrease the yield 
by 20%.[2,50] The reported recovery rate for S. pneumoni-
ae from blood samples is 75%, followed by H. influenzae  
(50-90%), and meningococci (40-60%).[2]

Latex-agglutination test (LAT)

LAT is based on the detection of bacterial or fungal anti-
gens directly in the cerebrospinal fluid samples. The test 
is easy to perform and allows rapid diagnosis within 15 
minutes.[7] Despite these advantages, the reliability of this 
test in identifying the etiological agent of bacterial men-
ingitis has been questioned in recent years due to numer-
ous scientific reports of the low sensitivity of the method, 
especially in patients pretreated with antibiotics.[32,33] The 
overall sensitivity of the test varies between 67 and 100%. [7] 
Similar to Gram stain and CSF culture, the method has 
pathogen-specific sensitivity. The reported sensitivity in H. 
influenzae varies between 78% and 100%, in S. pneumoni-
ae – 59–100%, and N. meningitidis – 22–93%.[16] A retro-
spective study of 176 children pretreated with antibiotics 
showed that LAT did not identify any causative agent.[32] In 
patients with a culture-negative result, LAT has a sensitivity 
of only 7%.[33] In another study of 344 cerebrospinal fluid 
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samples, the test did not affect either therapy or the course 
of the disease, and even false-positive and false-negative 
results were recorded.[34] The method is only applicable to 
a limited number of pathogens, namely capsule-forming 
microorganisms associated with neuroinfections, which 
is another prerequisite limiting its use. Combined tests are 
available to detect the antigens of these bacteria, as well as 
for the most common isolate – S. pneumoniae. In Australia, 
a positive LAT for S. pneumoniae is an indication for inclu-
sion of vancomycin in the empirical antibiotic therapy. [35,36] 
We calculated a sensitivity of LAT of 47.8% (95% CI 26.8–
69.4%) and specificity of 100% (95% CI 95.9–100%), the 
same parameters as the direct microscopy.[57]

The detection of CSF cryptococcal antigen has replaced 
staining with India ink for C. neoformans and C. gattii, with 
the test showing sensitivity and specificity over 90%. How-
ever, false-positive and false-negative results have been 
reported, especially in people with HIV-positive status, 
where the disease is most prevalent.[29]

Enteroviruses do not have a common antigen, which 
makes it impossible to create an antigen-antibody-based 
test for their detection. Specific IgG antibodies can be 
sought for HSV, but they can be detected after 10-12 days, 
making this approach inapplicable given the need for a rap-
id etiologic diagnosis.[15,37]

A negative LAT test does not rule out the presence of the 
pathogen in the clinical material, and possible false-posi-
tive results may become the basis for inadequate therapy.

Polymerase chain reaction (PCR)

In recent years, there has been a revolution in the micro-
biological diagnosis of neuroinfections with the introduc-
tion of the molecular genetic techniques of monoplex or 
multiplex PCR assays.[38] These methods are used to detect 
nucleic acids (DNA or RNA) of viruses, bacteria, fungi, and 
parasites in CSF specimens. They have been developed in 
order to overcome many disadvantages of the convention-
al diagnostic methods in patients with acute CNS infec-
tions, and now PCR-based techniques are a popular tool 
for microbiological diagnosis.[39] The use of multiplex PCR 
showed a sensitivity of 100% and a specificity of 98.2%, a 
positive predictive value of 98.2%, and a negative predictive 
value of 100%.[7,41] Corless et al. found that susceptibility 
again depends on the etiological agent, with 92% for H. in-
fluenzae, 100% for S. pneumoniae, and 88% for N. menin-
gitidis, with the specificity for these three pathogens being 
100%.[42] Another study reported different results – a sen-
sitivity to H. influenzae of 88%, to S. pneumoniae of 92%, 
and N. meningitidis – 94%. The determined specificity for 
these pathogens was once again 100%.[43] Ni H et al. also 
report that the sensitivity and specificity of the method is 
91% among patients with meningococcal meningitis.[40]

The approach remains less affected by prior use of an-
timicrobial drugs compared to the direct microscopy and 
culturing of CSF specimens.[36] A study showed a sensitiv-
ity of the method of 89% on days 1-3 of the start of antibi-

otic therapy, 70% on days 4-6, and 33% on days 7-10.[18]

In Bulgaria, there are no systematic studies on the role of 
mPCR for the rapid diagnosis of acute meningitis/menin-
goencephalitis. However, there is a significant experience 
in the PCR diagnosis of meningitis caused by N. menin-
gitidis, H. influenzae, and S. pneumoniae by a study group 
of scientists from NCIPD, Sofia and Stara Zagora.[44,45] Al-
though serotypes of some microorganisms and resistance 
genes can be detected by PCR, CSF culture still remains the 
main method for in vitro testing of the antimicrobial sus-
ceptibility as well as for subsequent serogrouping and se-
rotyping. In this country, Levterova V. and Simeonovski I. 
have the expertise to use PCR assay in serotyping of pneu-
mococci and meningococci.[44] In addition, our experience 
with multiplex PCR showed a sensitivity of 100% (95% CI 
81.5–100%) and specificity of 100% (95% CI 96.1–100%) 
for the bacteria and fungi, included in the panel, and a sen-
sitivity of 88.2% (95% CI 63.6–98.5%) and specificity of 
100% (95% CI 96.2–100%) for the viruses included in the 
spectrum of the test.[57] However, it is worth mentioning 
that despite the high diagnostic value of mPCR, the circula-
tion of pathogens not included in the test panel in the Plo-
vdiv region was significant (30.4%). It can be a reason for 
false-negative results and mPCR negative results should be 
carefully evaluated.[57] This in turn cannot restrain the need 
for CSF culturing in PCR-negative patients.

For the detection of enteroviruses, genetic methods have 
also shown significantly higher specificity and sensitivity 
when compares to cell cultures.[46,47] Therefore, RT-PCR 
searching for the 5’ non-coding regions of viral RNA is 
recommended, and serological methods and viral in vitro 
cultures should be avoided for routine diagnosis. In most 
cases, viral RNA is detected in cerebrospinal fluid in pa-
tients with meningitis, but this finding is erratic in individ-
uals with rarer enteroviral encephalitis. The virus is excret-
ed longer in stool samples and can be found there, but this 
does not always contribute to proving the etiological link to 
CNS involvement.[48]

Some authors refer to the PCR-based method as a ‘plat-
inum standard’ compared to the so-called ‘gold standard’ 
of CSF cultures.[15] However, the equipment needed to per-
form such assays is not ubiquitous, and still the high price 
of mPCR methods limits its widespread use in routine 
practice. Results are usually ready within 2 hours, but the 
need to transport clinical materials to specialized labora-
tories equipped with mPCR may increase the time to ob-
tain a test result.[38] Even more, in the so-called California 
project, the combined testing of patients with encephali-
tis by conventional and PCR-based methods, Glaser et al. 
showed that the etiological agent in encephalitis remains 
unclear in 62% of cases.[49] On the other hand, these meth-
ods show significant sensitivity, thus often detecting viral 
pathogens that survive in a latent state in the CNS, like the 
herpes family. This in turn creates difficulties in interpret-
ing the results, as these pathogens may also be associated 
with neuroinfection.

Like any other method, PCR assays have limitations as 
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well. Thus, research in this field does not stop with the in-
troduction of PCR-based techniques, and the search con-
tinues in the direction of new diagnostic methods and ap-
proaches in patients with acute CNS infections.

Future perspectives

MALDI-TOF MS is traditionally used for the identification 
of bacteria and fungi after their isolation on solid growth 
media. This method can speed up the identification pro-
cess considerably. Research is currently being performed 
to evaluate the utilization of the method for direct iden-
tification of pathogens from CSF samples. Although some 
promising results are obtained, there are more tests needed 
to validate the application of the MALDI-TOF MS in this 
approach.[51,52]

Immune cells can express a different set of genes in re-
sponse to environmental stimuli such as infectious agents 
leading to distinct phenotypes.[53] The advances in mo-
lecular biology over the past decades elucidated many of 
the mechanisms involved in gene regulation and expres-
sion. With the current techniques like microarrays and 
next-generation sequencing (NGS), we have the potential 
to identify the set of all RNA transcripts, coding, and non-
coding, in a given population of cells, known as transcrip-
tomics.[54] Transcriptomics research focuses on identifying 
which genes are upregulated or downregulated and expres-
sion profiles to be made.[54] A study showed that sequenc-
ing messenger RNA resulted in a successful differentiation 
of enteroviral meningitis not only to bacterial meningitis 
(AUC=0.975) but also herpes meningitis (AUC=0.924) 
from a whole blood sample.[55] NGS has not yet been found 
to be superior to the routine methods but the extended cov-
erage of pathogens could be helpful in unidentified neu-
roinfection.[56] The potential role of these new approaches 
in the diagnosis of acute CNS infection remains to be fur-
ther evaluated in near future.

CONCLUSIONS

Establishing the aetiology and choosing the adequate treat-
ment in patients with neuroinfections is a complex process 
requiring a comprehensive approach following the most 
likely cause of disease according to age, available risk fac-
tors, knowledge of circulating pathogens, and levels of anti-
microbial resistance, as well as diagnostic methods available 
at the laboratory. The implementation of new methods for 
etiological diagnosis in patients with acute CNS infections is 
a vital necessity and still needed. Rapid and accurate mod-
ern diagnostics would lead to a reduction in hospital stays, 
reduction of unnecessary hospitalizations, and treatment 
costs due to the application of inadequate antimicrobial 
therapy. It would also reduce the side effects in patients and 
the incidence of emerging local resistance, associated with 
the broad-spectrum empiric antimicrobial therapy.
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Резюме
Частота инфекций, поражающих центральную нервную систему, в последние годы увеличилась, что делает нейроинфекции 
актуальной глобальной проблемой здравоохранения. Центральная нервная система достаточно хорошо защищена от внешней 
и внутренней среды, хотя и подвержена заражению самыми разнообразными возбудителями. Этиологическое разнообразие 
ещё более усложняет лечение таких инфекций, поскольку важно правильно определить конкретную причину, чтобы выбрать 
наиболее подходящую противомикробную терапию. Диагноз ставят на основании не только клинико-эпидемиологических 
данных, но и результатов клинико-лабораторного и микробиологического исследования ликвора. Цель этой статьи состоит 
в том, чтобы сделать обзор современных микробиологических методов диагностики острых инфекций центральной нервной 
системы и помочь медицинским работникам осознать их преимущества и ограничения для надлежащего ведения пациентов.
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