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Abstract

BACKGROUND: Neonatal sepsis is a clinical syndrome caused by the presence of bacteria in the blood
accompanied by symptoms and systemic signs of infection that occurs in the first 4 weeks of life after birth. The
process of identifying pathogenic microorganisms is essential in determining the clinical condition in neonatal sepsis.

AIM: The study was aimed to develop a multiplex polymerase chain reaction (PCR) method to identify bacterial
isolates that cause neonatal sepsis in Indonesia with the main target of optimization of an initial design and PCR
optimization.

METHODS: This research is an explorative in vitro study for the optimization of an initial design and PCR methods
for the detection of the main bacteria that cause sepsis neonatorum in Indonesia, namely, bacteria Klebsiella
pneumoniae, Escherichia coli, Enterobacter cloacae, and Pseudomonas aeruginosa. The study was conducted at
the Biomolecular Laboratory of the Faculty of Medicine, Universitas Padjadjaran, Bandung, Indonesia.

RESULTS: Sequencing carried out and continued with Basic Local Alignment Search Tool (BLAST) sequencing
results, it appears that the PCR product that has been produced conforms with the optimization targets that were
previously set when doing the primer design. The level of homology found in all four species based on the results of
BLAST in a sequence is as follows: K. pneumoniae 94%, P. aeruginosa 99%, E. cloacae 100%, and E. coli 100%.

CONCLUSION: PCR multiplex method using design primers and conventional PCR analysis methods (using
agarose gel) can be used to detect four species of bacteria that cause neonatal sepsis, namely, K. pneumoniae,

P. aeruginosa, E. cloacae, and E. coli.

Introduction

Sepsis is a problem that has been one of
the leading causes of death in neonates to date [1].
Based on the WHO report in 2015, neonatal sepsis is
one of the leading causes of death in children under-5
years in addition to other causes such as pneumonia,
diarrhea, and malaria [2]. Indonesia’s health profile in
2015 states that neonatal sepsis is the leading cause
of death which causes neonatal mortality rate (NMR)
to be 19 deaths per 1000 live births, thus contributing
to 59% of infant mortality [3]. Neonatal sepsis is a
clinical syndrome caused by the presence of bacteria
in the blood accompanied by symptoms and systemic
signs of infection that occurs in the first 4 weeks of life
after birth [4]. The process of identifying pathogenic
microorganisms is essential in determining the clinical
condition in neonatal sepsis.

During this time, the detection of
microorganisms carried out still uses the gold standard
in the form of microorganism culture [1]. This method
provides accurate results in the identification of
bacteria. Although this method is the gold standard,
there are still many shortcomings, including the need

for a long time in the process of about 48—72 h, and the
number of blood specimens is quite significant to reach
20 mL [1], [5], [6], [7], [8]. Furthermore, the specimen
collection method is inaccurate, and the number of
inappropriate specimens can affect the accuracy of
the results [7]. This condition results in a longer time
needed for bacterial identification. Because of the
various problems above, a new detection method as an
alternative needs to be developed.

Along with the development of molecular
biology in the past few decades, various alternative
methods of the detection of molecular-based bacteria
have also been developed [7], [8]. Development
of various diagnostic products also creates new
problems, including the costs required to be able to
provide equipment and carry out these examinations, is
relatively expensive so that it is still difficult to reach by
various health facilities. Alternative methods to detect
molecular-based microorganisms with simple devices
need to be developed to be able to meet the desired
diagnostic needs at affordable prices.

The main bacteria causing neonatal sepsis
at Hasan Sadikin Hospital in Bandung are known to
be Gram-negative enteric bacteria such as Klebsiella
pneumoniae, Escherichia coli, Enterobacter cloacae,
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and Pseudomonas aeruginosa|[9], [10], [11]. The various
profiles pose a challenge that the diagnostic method to
be developed must be able to meet the diagnostic needs
where the bacteria that need to be identified do not only
originate from one species of bacteria but consist of
several species. Based on these considerations, the
molecular method that is considered to be an option
is polymerase chain reaction (PCR) multiplex, because
this method can detect several different target DNAs at
the same time [10], [11], [12], [13].

The PCR multiplex method provides an
alternative in the world of diagnostic microbiology. The
ability of this method can be used to reduce the number
of reactions needed to test samples with different
targets to save the time and cost required [14], [15].
Through the multiplex PCR method as a more sensitive
technology for analyzing patient samples, the problem
will be resolved [16]. The important thing when
developing a molecular-based diagnostic method such
as multiplex PCR is to conduct an original design and
PCR optimization process. The study was aimed to
develop a multiplex PCR method and to identify bacterial
isolates that cause neonatal sepsis in Indonesia with
the main target of optimization of an initial design and
PCR optimization.

Methods

This research is an explorative, descriptive
study in vitro for the optimization of an initial design
and PCR methods for the detection of the main
bacteria that cause sepsis neonatorum in Indonesia,
namely, bacteria K. pneumoniae, E. coli, E. cloacae,
and P. aeruginosa. The study was conducted at the
Biomolecular Laboratory of the Faculty of Medicine,
Universitas Padjadjaran, Bandung, Indonesia. The
ethics committee approved this study 1011/UN6.C.10/
PN/2017, October 24, 2017, and adjusted according
to the ethics amendment No.07/ UN6.C.10/PN/2017,
January 22, 2018.

The initial stage of the research was to do a
subculture and manufacture of bacterial isolate stocks.
Isolate bacterial ATCC K. pneumoniae ATCC 700603,
E. coli ATCC 25922, E. cloacae ATCC 13047, and
P. aeruginosa ATCC 27853 stored at —-20°C were first
removed and placed in a safety cabinet. Then allowed
to stand for some time, until the isolate was at the ATCC
27853 stored at —20°C first removed and placed in a
safety cabinet, then allowed to stand for some time,
until the isolate was at the ATCC 27853 stored at a
temperature of —20°C room temperature. Subcultures
were then performed on Petri dishes which contained
nutrient agar medium and were incubated for 16-24 h
at 37°C. After the incubation period, one bacterial colony
was taken and then suspended in a Tryptic Soy Broth

(TSB) — 20% glycerol medium as much as 1 mL. This
suspension is a bacterial isolate stock suspension that
will be reused for the isolate subculture process that will
be used in the extraction process. For the extraction
process, the bacterial stock suspension will be taken
slightly in freezing conditions and subcultured on TSB
medium as much as 5 mL and then incubated for 16—24 h
at 37°C, then followed by isolation of bacterial genomic
DNA. Isolation of bacterial DNA from isolates and blood
samples was carried out using the Wizard® Genomic DNA
Purification Kit (Promega, USA) following the protocol of
the manufacturer. The purity of bacterial genomic DNA
was measured using NanoDrop TM ND-2000 (Thermo
Fisher Scientific, USA), to quantify the extracted DNA.

The primer design stages are carried out in
silico. The initial step of designing a primer for PCR
is to determine the target DNA region/fragment to be
amplified for each bacterium to be tested. The primer
design is done using the Primer3Plus online software
(https://primer3plus.com/cgi-bin/dev/primer3plus.cgi).
The target DNA size to be amplified (amplicon) ranges
from 300 to 600 base pairs (bp), the lowest melting
temperature (MT) of 50°C and the highest 60°C, the
length of the primary oligo is between 18 and 25 bp and
the GC clamp is 2 bp. The primers produced for each
target region tested for specificity/accuracy amplify the
target region in specific bacteria using the Basic Local
Alignment Search Tool (BLAST) PRIMER (https://www.
ncbi.nlm.nih.gov/tools/primer-blast/).

In the final stage, an examination is carried
out on the primer or target, including the number
and position of the corresponding nucleotide bases,
the orientation of primer, and distance between the
forward and reverse primers. Primer specificity test
is done by conducting PCR on the working solution
of each primer design using DNA isolation from nine
different microorganisms that represent three groups
of microorganisms, namely, Gram bacteria (+):
Enterococcus faecalis and Staphylococcus aureus,
Gram bacteria (-): Stenotrophomonas maltophilia,
Acinetobacter baumannii, Salmonella paratyphi A, and
Salmonella spp., and several Candida species: Candida
albicans, Candida parapsilosis, and Candida glabrata.

PCR optimization using design primers was
carried out uniquely using genomic DNA of bacteria
that had adequate quality in terms of concentration,
namely, at least ~ 50 ng/ul and excellent purity in terms
of OD ratio 260/230 and 260/280 (=2.0). When the
PCR uniplex successfully produces a specific amplicon
(PCR product) on one size, the analysis of PCR results
will be followed by Sanger sequencing and sequencing
results analysis using BLAST Nucleotide software
(https://blast.ncbi.nim.nih.gov/Blast .cgi). The next step
is to optimize the multiplex PCR gradually (duplex and
triplex) using a primer mixture for the specific region of
each target bacterium. In each stage of optimization,
positive and negative controls will always be used as a
form of PCR quality control.
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The next stage is the serial dilution formulation.
ATCC bacterial isolates K. pneumoniae, E. coli,
E. cloacae, and P. aeruginosa were inoculated to the
liquid TSB medium for proliferation until they reached
the log phase. Take 1 mL of isolate then do serial dilution
using liquid TSB medium, starting from 10° to 10"
cells/mL. Then, perform the genomic DNA extraction
procedure using the Wizard® Genomic DNA Purification
(Promega, USA) kit. Detection of bacterial genomic
DNA from serial dilution results was performed using a
multiplex PCR formulation that was optimized in step 1,
and the minimum detection limit obtained would be used
as a benchmark for the dilution serial limit to be used in
the next step. ATCC bacterial isolates K. pneumoniae,
E. coli, E. cloacae, and P. aeruginosa were inoculated to
the liquid TSB medium for proliferation until they reached
the log phase. Take 1 mL of isolates and do serial dilution
using liquid TSB medium, starting from 10°to 10" cells/mL.
Bacterial isolates are then centrifuged at 11,000 rpm and
then bacterial cell pellets spike in 300 mL of human blood
taken from healthy donors. The results of the spike are
then used for human DNA depletion procedures using
the Wizard® Genomic DNA Purification (Promega, USA)
kit. PCR products were identified by electrophoresis
using 2% agarose gel, 100 volts for 30—60 min. After the
electrophoresis process, the agarose gel plates are read
in an ultraviolet (UV) cabinet. PCR product sequencing is
only carried out for validation that the resulting amplicon
is the target region for each bacterium to be tested. This
stage is only done once when a specific band (1 band)
is successfully amplified for each target region. A total
of 30 uL PCR products on the genes encoded by each
bacterial species were prepared, then electrophoresis
to see the size of the gene bands encoded on each
bacterial species. After that, DNA purification of the PCR
product will be sequenced using Sanger sequencer
(Thermo Fisher Scientific, USA).

Results

In this study, primers are designed using
3Plus primers (https://primer3plus.com/), where each
primer is designed with the following conditions, such
as the primer size ranges from 18 to 25 bp; the size
of an amplicon 300-600 bp; primer MT 55-60°C, with
a temperature difference between forward and reverse
of 1-2°C; the number of GC components in primary is
40-60%; the last two sequences at the 3’UTR end are
C or G or a combination of the two bases (GC clamp).

In this study, the optimization process of the
multiplex method was carried out with a composition
of a PCR mixed solution: 4 ul DNA template (with each
species taking 1 ul DNA template), 25 ul MyTagqTM
Red Mix (Bioline, Singapore), and 8 ul primary
mixtures for all four species bacteria (consisting of

10 pmol/ul primers from each forward and reverse of
each species), then mixed with sterile aqua distillates
until they reach a total volume of 50 ul. A mixture of
solutions for the PCR reaction on the positive control
(from the multiplex optimization process) made with
a DNA template composition (1 ul), 25 ul MyTagqTM
Red Mix (Bioline, Singapore), and 2 ul primer mixes
(consisting of 10 pmol/ul primers from each respectively
forward and reverse), then mixed with sterile aqua
distillate until it reaches a total volume of 50 pl. At the
same time, for the negative control, it is reacted by
adding the four pairs of primers without the addition of
a bacterial DNA template. The PCR-TD amplification
protocol for the multiplex optimization stage is the same
as the duplex optimization stage which is 5 min at 95°C
for pre-denaturation, 10 denaturation cycles at 95°C for
1 min, annealing at 65°C (with a temperature drop of
1°C in each cycle, until the temperature becomes 55°C)
for 1.5 min, and extension at 72°C for 1 minute. This
is followed by 25 cycles with denaturation at 95°C for
1 min, annealing at 55°C for 1.5 min, and extension at
72°C for 1 min. The reaction was completed with a final
extension for 5 min at 72°C. The PCR product at the
end of the reaction was confirmed using 2% agarose
gel and photographed with UV transillumination using
a gel documentation system. The results of multiplex
optimization of PCR of the four species of bacteria that
cause neonatal sepsis are shown in Figure 1.

Figure 1: Polymerase chain reaction multiplex optimization results
using the touchdown method. Optimization results can be seen in the
columns marked with (+), negative controls are shown in columns
marked with (-), and for positive control sequentially indicated by the
number (a) Klebsiella pneumoniae, (b) Pseudomonas aeruginosa,
(c) Enterobacter cloacae, (d) Escherichia coli

Based on the results of sequencing carried
out and continued with BLAST sequencing results, it
appears that the PCR product that has been produced
conforms with the optimization targets that were
previously set when doing the primer design. This
degree of conformity can be used as proof that the
PCR product that has been produced is specific not
only visible from the similarity in size to what has been
designed but also has the same sequence of nucleotide
bases. The level of homology found in all four species
based on the results of BLAST in a sequence is as
follows: K. pneumoniae 94%, P. aeruginosa 99%,
E. cloacae 100%, and E. coli 100% (Figure 2).
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Figure 2: Polymerase chain reaction product sequencing results; (a) wagC gene from Klebsiella pneumoniae, (b) gen ecf from Pseudomonas
aeruginosa, (c) impC gene from Enterobacter cloacae, (d) papC gene from Escherichia coli

One other important step that must also be
taken when testing a method that will be developed w1k 1
into a new test tool is to test the specificity, efficiency,
and sensitivity of the method. For testing the sensitivity
level, various methods can be done, one of which is
the minimum detection limit test. The amplification
protocol was carried out the same as that which had
been carried out in the multiplex optimization stage of
the previous PCR, namely, using the PCR-TD method,
annealing time 1, annealing temperature 65-55°C, and
35 cycles. From this process, the result of the minimum
detection limit of each species in the sequence was
K. pneumoniae at 10° cells/mL, P. aeruginosa at
10* cells/mL, E. cloacae <10° cells/mL, and E. coli at
10* cells/mL (Figure 3).

M 10° 107 10° 10° 10* 10° 10* 10* 10° 17 100 100 100 10

Discussion

Figure 3: The minimum detection limit of the serial
Primer design is one of the essential dilution process of each bacterial species, respectively,

. . — 6
components in the process of optimizing the (a) K_Iebs:ella eneumomae = 10° cells/mL, (b) Psefaldomonas
PCR ltiol thod. Vari bl b aeruginosa = 10" cells/mL, (c) Enterobacter cloacae < 10" cells/mL,
mulliplex method. Vvarious problems can be and (d) Escherichia coli at 10* cells/mL

encountered due to errors at this stage, including non-
specific attachment to the DNA template that is not the
target, the presence of a dimer primer and allowing the same electrophoretic mobility [17]. Based on these
the inability to separate and purify DNA amplicons with  various reasons, the determination specific gene areas
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and specific amplicon sizes will significantly affect the
success of optimization (Table 1).

In prokaryotes, genes in the 16s rRNA (rDNA)
area have essential functions; this area also has a high
universality so that they are often used as targets for
phylogenetic research and taxonomic classification.
Genes in this area have trunk and knot areas. Although
the evolution process has caused the bacterial genomics
to tend to change and lose genetic material inherited from
previous generations, this area is still relatively similar to
previous generations, especially atthe node [18]. However,
in this study, the area used for the primary design of the
four species of bacteria that cause neonatal sepsis is not
taken from the 16s rRNA area. This is because references
from journals that can be used relating to genes in the
16s rRNA area of the four species are still minimal and
gene references in that area also have low specificity. In
a study conducted by Kaitsu Rantakokko-Jalava relating
to the detection of the bacterium Legionella spp., they
also had difficulty designing primers from the 16S rRNA
and 5S rRNA areas because the resulting PCR products
could not accurately identify to species level, but only
down to species level of the genus [19].

Primer specificity is a crucial component in
this study because this method was developed to
detect bacteria from four different species and three
of the four species are from the same family, namely,
Enterobacteriaceae so that the genomes of these three
bacteria have relatively high similarity. This background
results in specificity testing need to be done to ensure
that the desired product will be formed later. In the initial
stages, conformity testing can be done in silico using
the BLAST. This program is a tool that can be used to
detect similarity in the sequence of nucleotide-forming
genes or the sequences that exist in proteins. The
National Center for Biotechnology Information (NCBI)
provides access to the program through the website
https://www.ncbi.nlm.nih.gov/tools/primer-blast/.

The related information obtained will allow
access to data related to the similarity of nucleotide
base sequence identity in a gene so that the similarity
of the nucleotide base sequence in other genes can be
detected either from the same species or from other
species [16]. When testing gene compatibility from 16s
rRNA areas using BLAST, it is often found that gene
references taken from published data not only have
similarities with one specific bacterial species but also
have nucleotide base sequence sequences up to >90%
with other bacterial species mainly from the same
family. Furthermore, data related to bacterial genes
contained by NCBI (https://www.ncbi.nIm.nih.gov/gene)
are still quite limited, which include gene-related data
in the 16s rRNA area. Frequent changes in data, when
compared with data, have been previously published
so that in this study, the primary design carried out was
more about gene data on the bacterial chromosome
and proved to be specific in silico even though it did
not originate in the 16s rRNA area. In designing a

Table 1: Primer design

Bacteria Gene  Primer (5'-3") Product size  MT

K. pneumoniae  wacG ~CGCAGGCTAAAGTGATGC 325 55-65°C
AGAATGGTAAAACGGGTATGC

P. aeruginosa ecf ATGCCTATCAGGCGTTCC 436 55-65°C
TTTTCCACCATGCTCAGG

E. cloacae impC  GAGTTTCAGAAGCTGGAGAGC 533 55-65°C
TCTTCAAAGTCAAAGCTGTCG

E. coli papC  TCCGGTCATGGAGTTATACG 623 55-65°C
TCGCTCTGAGAAACGATACC

K. pneumoniae: Klebsiella pneumoniae, E. coli: Escherichia coli, E. cloacae: Enterobacter cloacae, P.
aeruginosa: Pseudomonas aeruginosa.

primer, various components must also be considered,
such as the original size ranges from 18 to 30 bp; the
size of the amplicon; primary MT with a temperature
difference of not more than 3°C between forwarding
and reverse, and the number of GC components in the
primary is 40—-60%. These various components must be
considered considering the multiplex PCR is a method
that mixes several pairs of primers in one reaction
so that the compatibility between primers used in the
optimization process will determine its success [17].

In this study, primers are designed using 3Plus
primers (https: /primer3plus.com/), where each primer is
designed with the following conditions, such as the primer
size ranges from 18 to 25 bp; the size of an amplicon
300-600 bp; primer MT 55-60°C, with a temperature
difference between forward and reverse of 1-2°C; the
number of GC components in primary is 40-60%, and
the last two sequences at the 3UTR end are Cor G or a
combination of the two bases (GC clamp).

The PCR multiplex optimization process itself
has various difficulties, including reduced product
specificity due to the amplification process for less
specific targets. This is more due to the presence of
more than 1 pair of primers in a PCR mixed solution [18].
In the process of multiplex optimization of PCR, various
components must be considered to form the desired
product. In some previous studies, there is the term “trial
and error” in the optimization process. The term is used
to describe the importance of compatibility between
PCR components to be able to produce an appropriate
optimization process. One component that plays a
key role in this optimization process is primers, where
homology, G-C content, and primary concentration will
influence the desired product. Ideally, all primer pairs
in a multiplex PCR should have similar efficiencies
for each target amplification. This condition can be
obtained through the use of primers with almost identical
annealing temperatures, to obtain these conditions, the
primer should be designed with a length of 18-30 bp and
containing a G-C base of 35-60% [18], [19].

Conclusion

PCR multiplex method using design primers
and conventional PCR analysis methods (using agarose
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