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Use of a new multiplex quantitative polymerase chain reaction based assay
for simultaneous detection of Neisseria meningitidis, Escherichia coli K,
Streptococcus agalactiae, and Streptococcus pneumoniae
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ABSTRACT

Background and Objectives: Neisseria meningitidis, Escherichia coli K , Streptococcus agalactiae, and Streptococcus
pneumoniae cause 90% of bacterial meningitis. Almost all infected people die or have irreversible neurological complica-
tions. Therefore, it is essential to have a diagnostic kit with the ability to quickly detect these fatal infections.

Materials and Methods: The project involved 212 patients from whom cerebrospinal fluid samples were obtained. After
total genome extraction and performing multiplex quantitative polymerase chain reaction (QPCR), the presence or absence
of each infectious factor was determined by comparing with standard strains.

Results: The specificity, sensitivity, positive predictive value, and negative predictive value calculated were 100%, 92.9%,
50%, and 100%, respectively. So, due to the high specificity and sensitivity of the designed primers, they can be used instead
of bacterial culture that takes at least 24 to 48 hours.

Conclusion: The remarkable benefit of this method is associated with the speed (up to 3 hours) at which the procedure could
be completed. It is also worth noting that this method can reduce the personnel unintentional errors which may occur in the
laboratory. On the other hand, as this method simultaneously identifies four common factors that cause bacterial meningitis,
it could be used as an auxiliary method diagnostic technique in laboratories particularly in cases of emergency medicine.

Keywords: Cerebrospinal fluid; Meningitis; Quantitative polymerase chain reaction; Simultaneous detection; Diagnosis
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INTRODUCTION Prevention (CDC), meningitis is called the inflam-
mation of the meninges. Meningitis is considered as

According to the Centers for Disease Control and a potentially fatal disease that despite major medi-
cal advances over the past two decades is still the

“Corresponding author: Seyed Mahmoud Amin Marashi, leading deadly symptom for the mortality caused
Ph.D, Medical Microbiology Research Center, Qazvin Uni- by several infectious diseases, worldwide. Mortality
versity of Medical Sciences, Qazvin, Iran. rates vary by geographic area, age group, and type of
Tel: +98-283-3336001 pathogen (2).

Fax: +98-283-3324970 Meningitis is caused by viruses, fungi, parasites,
Email: parsmicrob@gmail.com and most importantly bacteria. Bacterial meningitis

Copyright © 2021 The Authors. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International license
LUMLENN (https://creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.

464


mailto:parsmicrob@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/

is an acute infectious disease that needs immediate
confirmation and treatment. Once untreated, the
consequences can be dangerous and irreversible. The
most important microorganisms causing bacterial
meningitis are Neisseria meningitidis, Escherichia
coli K, Streptococcus agalactiae, and Streptococcus
pneumoniae (2).

Symptoms include fever, headache, lethargy, vom-
iting, altered brain function, and light sensitivity.
Bacterial meningitis is difficult to diagnose due to
the similarity of clinical signs caused by other etio-
logic agents. Therefore, it is necessary to use a specif-
ic method to identify the agents involved in bacterial
meningitis. To diagnose bacterial meningitis, cere-
brospinal fluid (CSF) culture and analysis is the main
method in identifying the causative agents of men-
ingitis. Other diagnostic methods include CSF cell
counts and immunological diagnosis such as latex
agglutination. However, these diagnostic procedures
are time consuming while the patients in critical
clinical conditions (3).

Moreover,, the mentioned methods have some
limitations such as low bacterial titers in CSF flu-
id, lengthy incubation period of bacterial cultures,
cross-reactivity in immunological methods, and anti-
biotic use by patients prior to CSF sample collection
which impairs the culture response and the identifica-
tion of the pathogen causing bacterial meningitis (4).

Now, molecular methods, such as PCR, are more ef-
fective in detecting the possible presence of bacteri-
al DNA in the CSF samples of patients with suspect-
ed bacterial meningitis (5). Standard PCR has the
ability to detect possible bacterial DNA in CSF fluid
even if the causative agent is not alive. However, this
method is prone to possible contamination of sam-
ples during the processing stage which may result in
false positive results (6). Therefore, the only reliable
method is to use qPCR with high accuracy, speed,
sensitivity and specificity, and minimum contamina-
tion (7). Detection of the bacteria causing meningitis
leads to better understanding of the disease epidemi-
ology and proper treatment.

The aim of this study was to evaluate the factors of
N. meningitidis, E. coli K , S. agalactiae, and S. pneu-
moniae by multiplex gPCR with further comparison
of results with those of standard methods (bacterial
culture). This new detecting approach is of great im-
portance as two of these organisms (pneumococcus
and meningococcus) account for more than half of
the bacterial meningitis with highest mortality rate.
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MATERIALS AND METHODS

Culture strains, primer design & PCR set up.
The Standard strains of S. pneumoniae (strain ATCC
BAA-255 / R6), N. meningitidis serogroup B (strain
MC58), S. agalactiae 2603V/R, and E. coli K, JM101
strains were used as standard controls to determine the
analytical sensitivity and specificity of the PCR assay.
And, in this project we used Staphylococcus aureus
ATCC 25923 and Pseudomonas aeruginosa ATCC
27853 as negative control. Standard strains were cul-
tured on Luria Bertani broth medium (Merck. Ger-
many) and their genomes extracted using QlAamp®
genomic DNA kits (Qiagen, Hilden, Germany). In
the next step, using the alelleID 6 software, specif-
ic probes and primers (Table 1) were designed and
commercially synthesized by Takapoozist Company.
The target genes were UDP N-Acetylglucosamine
2-Epimerase (neuC) gene from E. coli K JM101, the
extracellular pore-forming toxin (CAMP factor) gene
(cfb) from S. agalactiae, the autolysin- encoding gene
(IytA) from S. pneumoniae, and the capsule biosyn-
thesis locus (ctrA) from N. meningitides. Finally, PCR
gradients and multiplex-PCR set up were performed
for all bacterial target genes. All PCR products of the
genes from the standard strains were sequenced by
Microsynth AG (Balgach, Switzerland).

PCR product cloning. The PCR products were
purified by using QIAquick PCR Purification Kit
(Qiagen, Hilden, Germany). The eluted PCR prod-
ucts were cloned into the pTG19 vector according to
routine protocol. Then, it was transformed into E.
coli DH,. The pTG19 plasmid was extracted using the
QlAprep® plasmid Miniprep Kit (Qiagen, Hilden,
Germany) and serially diluted from cultured E. coli
DH;, in LB broth containing 100 pg/ml ampicillin, 40
pg/ml X-Gal, and 40 pg/ml IPTG.

Clinical specimens. A total of 212 CSF samples
were collected from the patients (median 0-80 years)
with meningitis symptoms, admitted to hospital
from April 2017 to April 2019. All samples from pa-
tients who had taken antibiotics were excluded from
the study. According to routine clinical care protocol,
lumbar punctures were performed on patients with
suspected acute meningitis, defined as sudden onset
of fever more than 38°C and one of the following
signs: neck stiffness altered consciousness and neck
stiffness. CSF samples were collected and processed
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Table 1. The list of designed primers and probes used in the present study

Standard strain Specific Primer Sequence 5°—3’ Length
gene of product
E. coli K JM101 neuC F: ATGGTGATGTTTCTGTTGGAGAAG 81
R: TCTTTGAGCCTAGCTTCAACTGG
Probe: FAM-ACAGTCACGCTACCAA-TAMRA
Streptococcus agalactiae cfb F: GACTTCATTGCGTGCCAACTC 88
2603V/R R: TGCTTCAATCACATCTGTTAAGGC
Probe: HEX-TCTACACGACTACCAAT-BHQ1
N. meningitides MC58 CtrA F: TCGTCCAGTTTGCCGGTTTG 140
R: TTTGAGTCCGATCCGCAAGG
Probe: FAM-CGCACTGCCCGCCGTTTGGTCG-BHQ1
S. pneumonia R6 IytA F:AGTGTTCCGTCTGGTTTGAGG 150

R: CAACGAAGAAGGTGCCATGAAG
Probe: VIC-AGCCTGTTCCGTCCGCTGACTGGA-BHQ1

immediately upon receipt by the biochemistry and
microbiology laboratories using methods based on
WHO recommendations.

In summary, samples were examined macroscopi-
cally prior to centrifugation. Differential cell counts
and Gram staining were performed by light micros-
copy. Also, CSF, white blood cell (WBC) count,
protein, and glucose levels were analyzed using au-
to-analyzer Hitachi model 917 (Hitachi, Japan) and
CytoFLEX Flow-Cytometer (Beckman, USA).

Direct antigen testing for E. coli K, N. meningit-
idis groups A, C, Y, W135, S. pneumoniae and S.
agalactiae was performed using a bacterial antigen
rapid latex agglutination test (Pasteur institute, Teh-
ran, Iran). All procedures were performed at micro-
biology and biochemistry laboratories and individual
informed consent was not required as sample collec-
tion and analysis were conducted as part of routine
diagnostics. An ethical clearance certificate was
approved by Ethical Committee in Qazvin Uni-
versity of Medical Sciences (ref. no. IR.QUMS.
REC.1399.257).

gPCR assay. The samples of DNA were extracted
using QlAamp® genomic DNA Kits (Qiagen, Hilden,
Germany). The genomes extracted as template as
well as the cloned genomes of standard strains were
tested as positive controls in a multiplex gPCR reac-
tion using QuantiNova Pathogen +IC Kit (plus inter-
nal control) (Qiagen, Hilden, Germany).

All reactions were performed in triplicate and
according to the manufacturer's protocol. The stan-
dard curve was plotted and according to the standard
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samples C_, the number of targets in each sample
was obtained. The multiplex qPCR was carried out
using a CFX96 Real-Time System (Bio-Rad, Hercu-
les, USA) under the following conditions: 95°C for 2
minutes, followed by 40 cycles of denaturation (95°C
for 5 seconds), annealing (60°C for 10 seconds), and
extension (72°C for 15 seconds).

RESULTS

Out of total 212 samples, 81 samples were found to
be positive by gPCR test, for which the results of lab-
oratory tests were as follows based on age and sex,
shown in Table 2.

The results of microbiological method on 212 sus-
pected meningitis specimens demonstrated that only
14 specimens were due to N. meningitidis whereas
multiplex gPCR confirmed the presence of 28 sam-
ples positive e for this bacterium. Among the 28 cas-
es of N. meningitidis, approved by gPCR, 14 samples
were confirmed by microbiological method. Also,
by performing culture on 212 suspected meningitis
specimens, 7 specimens were found to be S. pneu-
moniae while 15 positive pneumococcal samples de-
tected by multiplex gPCR. In S. pneumoniae cases,
of the 15 samples approved in gPCR, 7 samples were
confirmed by microbiological method.

Similarly, applying the standard microbiological
method on 212 specimens, suspicious of having the
causative agent of meningitis, revealed 12 specimens
detected as E. coli K while multiplex gPCR identi-
fied E. coli K, in 17 samples. In E. coli K| cases, of
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Table 2. The sex and age groups profile of patients with bacterial meningitis

Specification Age
0-1 1-10 10-20 20-40 40-60 <60 Total
Gender Male Number 15 17 0 1 3 6 42
Percentage 35.7 40.5 0 24 7.2 14.2 100%
Female Number 14 15 1 0 2 7 39
Percentage 35.8 38.5 2.6 0 5.2 17.9 100%
Total Number 29 32 1 1 5 13 81
Percentage 35.9 27.2 1.3 1.3 6.2 16.1 100%
the 17 samples approved in gPCR, 12 samples were DISCUSSION

confirmed by microbiological method. Finally, em-
ploying the routine microbiological method on total
specimens, suspect for bearing meningitis causing
organism, resulted in identifying 13 specimens of S.
agalactiae whereas this organism was found in 21
samples when multiplex gPCR used. In S. agalactiae
cases, of the 21 samples approved in qPCR, 13 sam-
ples were confirmed by culture. A total of 46 samples
were detected by culture out of 81 samples that mul-
tiplex qPCR were able to detect. Table 3 shows the
sensitivity, specificity, predictive values and accura-
cy of the multiplex gPCR for each bacterium.

Table 4 also shows the mean C, bacterium accord-
ing to the dilution obtained in each bacterial sample
cloned in the pTG19 plasmid. Using the data obtained
in Table 4, the number of meningitis-causing bacte-
ria for each bacterium was obtained. Using the C_ of
each bacterium and gqPCR reactions efficiency, once
the primers and probes designed in this project were
used, led to the detection of at least 56 bacteria per
milliliter for N. meningitidis. These values were 62,
58, and 56 bacteria per milliliter for S. pneumoniae,
S. agalactiae, and E. coli K, respectively. Finally,
statistical analysis produced values of 100%, 92.9%,
50% and 100%, for sensitivity, specificity, positive
predictive value, and negative predictive value, re-
spectively.

One of the vital challenges in the field of medi-
cine is the accurate and rapid diagnosis of bacterial
meningitis, if done correctly, can lead to appropriate
treatment and prevention of close contact with other
patients. Conventional microbial culture techniques,
which are considered as gold standard diagnostic
method, have some limitations due to delayed results
and in some cases low sensitivity, especially if the
patient has already taken antibiotics (8-10). In pre-
vious studies carried out in Iran, negative culture
results were reported, which claimed to be associat-
ed with easy access to antibiotics, its improper use,
and delay in CSF sampling (11). For these reasons,
we developed a convenient and rapid molecular ap-
proach using a multiplex gPCR-based assay that im-
proves the diagnosis of bacterial meningitis due to N.
meningitidis, E. coli K, S. pneumoniae, and S. aga-
lactiae. Data analysis showed that our patients had
almost the same gender distribution (51% male and
49% female) and also the majority of patients were
in the age range of 0-10 years. These results did not
agree with the studies performed by Fouad et al. and
Khater et al. because the conditions mentioned in
their studies were somehow similar to Iran (12, 13).
Studies in Europe and the United States revealed the
commonest etiologic agents of bacterial meningitis

Table 3. Sensitivity, specificity, predictive values and accuracy of the multiplex gPCR for each bacterium

Name of bacteria  Based on the number of samples detected: ~ Percent of Specificity NPV" & PPV™ Percent of
Microbiological method ~ Multiplex gPCR & Sensitivity respectively  Accuracy

N. meningitidis 14 28 100, 85.8 91.4,50 86.7

S. pneumoniae 7 15 100, 92.7 100, 31.8 92.9

E. coliK, 12 17 100, 91.5 100, 41.4 92

S. agalactiae 13 21 100, 89.4 100, 38.2 90.1

*NPV: Negative Predictive Value, **PPV: Positive Predictive Value, ()
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Table 4. Specifications obtained based on the standard curve for standard strains of S. pneumoniae, N. meningitides, S. aga-

lactiae, and E. coli K,

Bacterial standard strain

PCR product dilution level per mi

10 10t o 1012
Mean C_(bacterial count) of S. pneumoniae R6 28.94(24000)  30.44(2400)  32.56(240) 36.41(24)
Mean C.(bacterial count) of N. meningitides MC58 29.60(19000)  31.77(1900)  33.19(190) 37.71(19)
Mean C.(bacterial count) of S. agalactiae 2603V/R 29.11(17000)  30.78(1700)  33.06(170) 36.98(17)
Mean C_ (bacterial count) of E. coli K JM101 strain 28.32(20000)  30.54(2000)  32.77(200) 36.80(20)
*Polymerase Chain Reaction **Cycle of Threshold
including S. pneumoniae. N. meningitidis, S. pneu- CONCLUSION

moniae, and H. influenzae which comprise about
80% of cases of bacterial meningitis in developing
and developed countries (14). However, considering
the problems that may occur in universal PCR as-
say, a single tube multiplex PCR was developed to
detect these agents (15). Most cases of infant men-
ingitis are reported to develop by S. agalactiae and
E. coli K although in children aged 1-3 months, this
ratio is reversed. Also, in those aged 3-48 months,
the most common cause of meningitis is pneumococ-
cus followed by meningococcus (16). However, this
ratio is reversed in people aged 5-50 years. Interest-
ingly, in our present study, 34.5% of the isolates be-
longed to N. meningitidis followed by Streptococcus
agalactiae (25.9%). One possible reason for this dif-
ference may be due to the age range of the patients.
It is reported that 50% of N. meningitidis negative
cultures were found to be positive by multiplex gP-
CR-based assay design, a finding consistent with a
study by Khater et al. (13). Also, 53% of S. pneumo-
niae, 29.4% of E. coli K, and 38% of S. agalactiae
with negative culture results were reported positive
by this method. In two studies by Wu et al. and Sac-
chi et al. the authors reported increased number of
bacterial meningitis cases using PCR, which agrees
with our results (6, 17). Considering the results of
this study and those of previous studies, which show
high rate of negative culture results in developing
countries, the use of this technique can reduce the
number of false negatives compared to traditional
diagnostic method (14, 18). Also, regarding the pa-
tients with self-medication prior to sampling, the
presence of bacterial genomes in the CSF can be
easily identified by this rapid molecular technique.
In this project, the preparation of a patient sample
and transfer of the sample was the most important
limitations.
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In view of what described above, it seems that the
design of a molecular platform, for rapid detection of
deadly infections, is essential. In addition, the suc-
cess of the project shows that such a platform can
be designed for other important human infections.
Finally, considering the high specificity and sensitiv-
ity of the designed primers, this technique can be an
auxiliary method for bacterial diagnosis that takes at
least 24 to 48 hours.

The most significant benefit of this method is short-
ening the time required for the test to be completed
(up to 3 hours). It is also worth noting that this meth-
od can reduce the personnel error of those working
in the laboratory. On the other hand, as this meth-
od identifies four common bacterial agents involved
in causing meningitis, eye infections, septicemia
agents, therefore, it could be used as an ideal alterna-
tive diagnostic kit in cases of emergencies.
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