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Optimization and Validation of a Real-time
PCR Method for the Simultaneous
Detection of Lactococcus garvieae and
Streptococcus agalactiae in Fish

ABSTRACT

Background: Lactococcus garvieae and Streptococcus agalactiae infections
contribute to heavy losses in aquaculture farms worldwide. Currently, available
pathogen diagnostic tools use biochemical and microbiological methods beleaguered
by very low accuracy, reproducibility and specificity.

Aim: To optimize and validate a rapid, sensitive and specific real-time PCR (QPCR)
method for detecting L. garvieae and S. agalactiae in fish.

Methods: Pairs of Streptococcus-specific (IGS-s/IGS-a) and Lactococcus-specific
(CAU12F/CAU1L5R) primers were tested for specificity and sensitivity in the gPCR.
gPCR was carried out at different temperatures and primer concentrations. The
optimal conditions were determined to be the temperature and primer concentration
with the lowest Cr values.

Results: For both primer sets, the optimal annealing temperature was 60°C, and the
optimal primer concentration was 500 nM. The detection limit for L. garvieae was at
dilution factor 103, with a mean Cr value of 25.0, for S. agalactiae, 10 with a mean
Cr value of 29.8. The PCR efficiencies were 97% for L. garvieae and 91% for S.
agalactiae, with linear slopes (R? = 0.999). The assay demonstrated high
repeatability and reproducibility.

Conclusion: The optimum conditions established for the g°PCR method enable rapid,
highly sensitive and specific diagnosis of L. garvieae and S. agalactiae infection in
fish
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Introduction

There has

Streptococcus agalactiae and
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been considerable global
lactococcosis and streptococcosis infections in fish over the
past ten years (Bwalya et al., 2020; Egger et al., 2023). These
zoonotic infections are mainly caused by the bacteria
Lactococcus
However, recently it has been reported that L. pauteri
(Kotzamanidis et al., 2020; Altinok and Ture, 2022), closely
related to L. garviae, and L. formosensis (Abraham et al.,

2023), are also important agents of lactococcosis. These
pathogens have been isolated in a variety of fish species and
have caused significant losses in aquaculture farming around
the world (Stoppani et al., 2023). Outbreaks reported in India,
Brazil, China (Vendrell et al., 2006), Lake Kariba (Zambia)
(Bwalya et al., 2020), and other countries (Kotzamanidis et
al., 2020; Abraham et al., 2023; Stoppani et al., 2023)
demonstrate the growing importance of these infections
(Bwalya et al., 2020). In most cases, fish do not exhibit any
clear clinical symptoms of infection before they die (Johri et
al., 2006). The symptoms like exopthalmia/bulging eyes are
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also not distinct between Lactococcus ssp and Streptococcus
spp infections, which makes it difficult to distinguish
between the two infectious agents (Van Doan et al., 2022).

The techniques traditionally used for diagnosis of
lactococcosis and streptococcosis infections in fish are
biochemical, histopathological and microbiological assays,
partly because of their simplicity (Wen-de et al., 2017
Varadi et al., 2017). However, these methods fall short in
accuracy, sensitivity, and specificity (Wen-de et al., 2017).
The use of molecular diagnostic methods in the fish industry
is growing (Saad et al., 2022; Austin, 2019). This is due to
the higher sensitivity and specificity they have over the
traditional methods.

Molecular methods are broadly classified into nucleic
acid hybridization and amplification (Ali, 2017). Low
sensitivity makes hybridization methods less preferable to
amplification methods. Thus, amplification methods, which
include polymerase chain reaction (PCR), random
amplification polymorphism DNA (RAPD), amplified
fragment length polymorphism (AFLP), and loop-mediated
isothermal amplification (LAMP) have been developed for
the detection of pathogens (Roque and Gomez-Gil, 2009;
Wen-de et al., 2017; Ador et al., 2022). Superiority of
accuracy of molecular methods over conventional
bacteriological and phenotypic methods in detecting S.
agalactiae and L. garvieae has been amply demonstrated
(Karsidani et al., 2010; Wen-de et al., 2017; Ador et al.,
2022). However, the amplification methods are limited by
non-specificity, poor reproducibility (RAPD), time and
complex procedures (AFLP), or require prior analysis of the
variation of many genomic sequences (LAMP) (Wen-de et
al., 2017). Several studies highlight the current limitation in
this field as the development of optimized and validated
protocols that can be easily commercialized and implemented
in aquaculture facilities is lagging (de A. and Pilarski, 2015).
Real-time PCR (gPCR) is emerging as an optimal method for
rapid, sensitive and specific detection of S. agalactiae and L.
garvieae (Leigh et al., 2020).

Several studies support the superiority of gPCR over
other molecular methods as a detection and quantification
tool. qPCR s rapid, sensitive, highly specific, and reliable in
comparison to traditional histopathological, microbiological,
and biochemical assays (Sibley and Church, 2012; Harshitha
and Arunraj, 2021). ldentification and quantification of
different bacterial fish pathogens using PCR and qPCR,
including S. agalactiae (Su et al., 2016), Yersinia ruckeri
(LaFrentz et al, 2022; de A. and Pilarski 2015),
Flavobacterium psychrophilum (Chapela et al., 2018), L.
petauri (Egger et al., 2023; Abraham et al., 2023) and L.
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garvieae (Jung and Kim 2010; Odamaki et al., 2011;
Ustaoglu et al., 2024) have been reported.

In Zimbabwe, traditional histopathological,
microbiological, and biochemical assays are the most
frequently used methods to identify fish pathogens. Gomo et
al., (2016) used histopathology examinations to diagnose
Epizootic ulcerative syndrome in fish. Sichewo et al., (2014),
also used biochemical and Gram staining to identify
pathogenic bacteria in edible fish. This is because the
methods, such as  Strep-strips  (colloidal  gold
immunochromatography strips), which are commonly
employed for S. agalactiae detection, are simple to use (Wen-
de etal., 2017).

Traditional methods are generally unable to discriminate
S. agalactiae and L. garvieae from other bacteria, like S.
innae, L. petauri, L. lactis, S. thermophilus, or Enterococcus-
like strains (Ogier and Serror, 2008; Egger et al., 2023). In
this context, optimising and validating gPCR for
simultaneous detection of S. agalactiae and L. garvieae is
critical to facilitating and hastening the implementation of
control measures in fish farming. This study aimed to
optimize and validate an EvaGreen gqPCR assay for the
simultaneous detection of S. agalactiae and L. garvieae in
fish. This will allow for rapid diagnosis that is critical for
disease management and control.

Materials and Methods

Ethics statement
This study was approved by the National Animal Ethical
Committee (NAREC), Zimbabwe Ref: NAREC:017/22.

Bacterial isolates and cultivation conditions

Pure isolates of bacterial strains of S. agalactiae and L.
garvieae, were procured from South Africa (Ingaba
Biotechnical Industries (Pty) Ltd. South Africa) and
subsequently cultivated in tryptic soy broth (Merck Germany,
catalog number 1.05459) at a temperature of 28°C for 24
hours. Pure isolates of phylogenetically related bacterial
strains including A. hydrophila, E. coli, K. pneumoniae, E.
faecalis, Proteus, P. syringae pv. Actinidiae, and S. aureus
were cultivated as mentioned above and used as negative
controls.

Genomic DNA extraction

DNA was extracted from positive controls (S. agalactiae
and L. garvieae DNA isolates) and infected fish samples to
obtain the genetic material used in the gPCR assays. Bacterial
DNA from infected fish samples was extracted using a spin
column DNeasy extraction kit (Qiagen). A nanodrop
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spectrophotometer was used for quantification of DNA at a
wavelength of 260 nm. The DNA was stored at -20°C for
subsequent PCR amplifications. The positive controls were
used to determine the optimum annealing temperature and
primer concentration of the selected primers. Once the
annealing temperature and primer concentration were
optimized, sensitivity, specificity, reproducibility and
repeatability were assessed. Validation was done using
infected fish samples and sequencing.

Primers
Specific primers previously described by (Su et al., 2016)
(IGS-s/1GS-a) and (Jung and Kim, 2010)

(CAU12F/CAU15R) for S. agalactiae and L. garvieae,
respectively, were used. The amplicon sizes for S. agalactiae
and L. garvieae were 190 bp and 415 bp respectively.

Annealing temperature optimization

To optimize the annealing temperature, pairs of primers
were simultaneously evaluated using qPCR and agarose gel
electrophoresis at different annealing temperatures. The PCR
mixture (20 pL) contained 4 pL of EvaGreen (Rox) qPCR
master mix, 1 pL of each specific primer and 2 pL of
template DNA. The PCR was performed in a gTOWER3G
analytik jena real-time thermocycler with the PCR cycle
program; 95°C for 12 min as the initial activation stage, 40
cycles of amplification (95°C for 15 s, 55°C—65°C for 30 s,
72°C for 30 s). At the end of each cycle, a DNA melting
curve analysis of the amplified products was performed
between 65°C and 95°C to evaluate the melting temperature
(Tm) readings taken at 0.5°C/s increment. The qPCR runs
were performed in triplicate for each assay, and post-PCR
melt curve analysis was also used to confirm the results. The
amplified products were further analyzed by 1.5% agarose
gel electrophoresis using SYBR safe DNA gel stain.
Optimum temperatures with the lowest cycle threshold (Cr)
values were selected.

Primer concentration optimization

The primers were serially diluted from 50 nM to 500 nM
and tested at annealing temperatures of 55°C-61°C. The
combination of concentrations yielding the lowest cycle
threshold (C+) values with the lowest variation in replicates
was chosen. The Taguchi method was used to optimize the
primer concentration (Ramakrishna et al., 2013; Cobb and
Ciarkson, 1994).

Standard curve generation for sensitivity assay

Ten-fold serial dilutions of the positive controls were
used as templates for the gPCR using the optimized
annealing temperatures and primer concentrations. Standard

http://www.jbb.uni-plovdiv.bg

curve slopes, Cr values versus log quantity and PCR
efficiencies (E) were calculated using the gTOWERSG
analtytik jena-automated gPCR instrument. The PCR
efficiency was calculated from the standard curve as the
percentage of template molecules that were doubled during
each cycle as shown in Equation 1. This was repeated on
three occasions. The detection limit was determined as the
lowest concentration (within the linear range) that produced
an amplification signal on the qTOWER3G Mastercycler.
Triplicate serial dilutions (101-10-°) were performed and the
dilution factor that gave 95% (24/25) positive amplification
was the detection limit. The gPCR amplicons were then
confirmed by electrophoresis in 1.5% agarose gel and
visualized by SYBR Green staining.

(E = [10Y(slope)1] x 100) (1)

Repeatability and reproducibility of the qPCR assay

Three separate dilution series were assayed in a single run
to evaluate intra-assay Vvariation (repeatability) while
interassay variation (reproducibility) was measured by testing
each dilution in three separate consecutive runs. The mean,
standard deviation (SD) and coefficient of variation (CV) for
both intra-assay and inter-assay variation were calculated
separately for each standard DNA dilution based on their Cy
values using Microsoft Excel software.

Assay specificity

S. agalactiae and L. garvieae DNA were used as the
positive control. The test samples consisted of DNA from A.
hydrophilla, E. coli, K. pneumoniae, E. faecalis, Proteus, P.
syringae pv. Actinidiae and S. aureus. The samples were
subjected to the newly optimized assay. Assays of specificity
were done using two different approaches: (1) the expected
gPCR amplicon size confirmed by gel electrophoresis, and
(2) melt curve analysis.

Method validation

Fish sample tests

Healthy fish DNA samples from Oreochromis niloticus
were collected and spiked with positive controls of S.
agalactiae and L. garvieae. This was done to mimic the
natural infection. DNA was extracted from the spiked fish
samples and tested using the newly optimized assay. The
positive samples were also confirmed by gel electrophoresis
using SYBR safe DNA gel stain. Random fish samples of
unknown infection status were tested to determine the
infection status using the newly optimized assay.
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Table 1. qPCR efficiency with serial dilutions of positive controls at varying annealing temperatures primers (a) 1GS-s/IGS-a,

(b) CAU12F/CAU15R at 500 nM primer concentration

Crvalue Cr value
Temperature 55°C 58°C 59°C 60°C 61°C  Temperature 58°C 59°C 60°C 61°C
Standard dilution Standard dilution
1 14.21 14.73 1463  14.23 14.47 1 1716 1531 1619 1562
2 18.91 18.51 18.33  18.09 18.2 2 1855 1841  19.27 19.03
3 2241 2277 2254 2214 2242 3 21.85 2125 23.05 2227
4 27.12 26,62 26.04 2544  26.38 4 2391 2273 26,63 26.07
5 31.72  31.92 314 28.36  31.09 5 2514 2416  30.79 29.83
PCR efficiency 70% 73% 74% 91% 78%  PCRefficiency  77% 70% 97% 90%
Slope -4.32 -4.24 -4.17 -3.56 -3.99  Slope -4.05 -4.28 -3.41 -3.6

DNA sequencing

The sequencing of the PCR amplicons produced after fish
sample testing was to validate that the optimized protocol is
specific in detecting the desired pathogens. PCR positive
products (190 bp and 415 bp for S. agalactiae and L.
garvieae, respectively) were directly purified using the
GeneClean Turbo Kit, MP Biomedicals, Illkirch, France.
Partial sequencing in the 5’ direction was done by LGC
(Germany). The sequence analyses were done using Staden
Package software for sequence contig generation, Basic
Local Alignment Search Tool (BLAST) for sequence contig
referencing and comparison to bacteria sequences in the
GenBank on NCBI to identify the amplified DNA sequence.

Results

Optimization of
CAU12F/CAU15R)

Annealing temperature optimization was performed
using concentrated positive controls of the bacteria. As
shown in Figure 1, with the concentrated primer pair 1GS-
s/IGS-a, low Cy values, ranging from 12 to 14, were observed
between the temperatures 55.0 - 61.8°C. Cr values increased
to over 30 at 64.1°C. With the primer pair
CAU12F/CAUI5R, low Cr values of 19 and 20 were
observed at temperatures 57.1 and 60°C, respectively.
Temperatures below 57°C and above 60°C showed higher Ct
values.

Annealing was further assessed with serial dilutions at
the optimum temperatures observed with the concentrated
positive controls, and PCR efficiency calculated. For the 1GS
primer pair, PCR efficiency was highest at 60.0°C (91%) and
lowest (70%) at 55.0°C, while for CAU12F/CAU15R the
values were 97% at 60.0°C and 70% at 50.0°C, respectively
(Table 1).

primers (1GS-s/1GS-a and
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Primer concentration optimization

The optimization approach was selected due to the
variability of Cr values observed in optimization of annealing
temperature. 1GS-s/IGS-a primer concentrations were
optimized by assessing PCR efficiency of serial dilutions of
the positive controls and the primer at 60°C. The highest
PCR efficiency was 91% at primer concentration 500 nM
(Table 2a). For CAUR12F/CAUL5R primer concentration
was optimized by assessing Cr values at selected
temperatures (Table 2b). The concentration of 500 nM and
temperature 60°C had the lowest Ct value (17.59).

Sensitivity test

Reproducibility and repeatability were assessed using Cr
values obtained from testing positive control standard serial
dilutions in triplicates. Standard deviation (SD) ranged from
0.035-2.37 and coefficient of variation (CV) from 0.015-8.50
for CAU12F/CAU15R and IGS primers. The primer pairs
showed a strong relationship between template concentration
and the Cy value (Table 3).

The PCR efficiency and R2 were calculated using a
standard curve based on the Cr; value against DNA
concentration. The efficiency was high; 91% and 97%, with
the R? values >0.99 with slopes of 3.41 and 3.56 for
CAU12F/CAU1L5R and 1GS-s/1GS-3, respectively (Figure 3).

The Cr values of serial dilution amplifications were used
to determine the limit of detection. The detection limits were
DNA concentrations of 0.003 ng/puL and 0.0019 ng/uL (Table
4).

DOI: 10.69085/jbb20242113
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Table 2. PCR efficiency and Cy values of varying concentrations of primers and positive controls (a) IGS-s/IGS-a and (b)
CAU12F/CAU15R

PCR

Primer Conc Serial dilution 1 2 3 4 5 efficiency Slope
175nM 16.83 21.24 27.82 32.17 no Ct 57% -5.09
200nM 14.47 18.58 21.93 26.14 29.99 87% -3.67
225nM CT Values 14.12 17.79 22.1 26.4 30.98 77% -4.05
250nM 14.23 18.63 22.62 25.97 31.42 74% -4.17
375nM 15.14 18.68 22.88 27.22 31.54 74% -4.16
500nM 14.23 18.09 22.14 25.44 28.36 91% -3.56
(a)

Temperature Primer conc 50nM 80nM 100nM 125nM 150nM 250nM 500nM

CT Values

58°C no Ct no Ct no Ct 21.6 no Ct 19.9 19.54
59°C no Ct no Ct 24.89 21.75 24.04 20.02 20.91
60°C no Ct no Ct 26.35 24.91 24.85 23.44 17.59
61°C no CT no CT 32.34 29.06 29.02 26.2 20.52

(b)
Table 3. Intra- and inter-assay variability tests for (a) CAU12R/CAU15F; (b) 1GS-s/1GS-a
1-interassay; 2-intraassay

Serial dilution 10* 102 103 10* 10° 102 103 10 10°
mean CT 16.76 19.23 23.21 26.57 31.19 19.94 23.52 26.29 27.85
s.d 0.8 0.035 0.23 0.08 0.57 1.18 1.77 1.87 2.37
c.v (%) 4.77 0.18 0.94 0.32 181 5.94 7.52 7.11 8.5
(al) (a2)
Serial dilution 10 10 103 10* 10° 10 10 10 10°
mean CT 20.79 26.47 29.66 32.59 33.57 24.73 29.81 32.77  34.05
s.d 0.48 0.43 0.43 0.64 0.79 0.25 0.49 0.63 0.85
c.v (%) 2.29 1.64 0.015 1.96 2.32 1.01 1.65 1.92 2.49
(b1) (02)
Specificity assay Fish DNA test for validation

Different sets of bacterial DNA were used to determine The validation of the assay was done using

the specificity of the primer pairs. The S. agalactiae and L.  €lectrophoresis and sequencing. All the seven spiked fish
garvaeae bacteria DNA were used as the positive controls. ~ Samples tested positive for S. agalactiae and L. garvieae with

The primers only amplified S. agalactiae and L. garvaecae DPands at 190 bp and 415 bp for IGS-s/IGS-a and
positive controls (Figure 3). CAU12F/CAUI15R,  respectively.  Sequencing  showed

identity of 99.74% to Lactococcus sp. strain and 99.80% to
Streptococcus agalactiae strains with query covers of 92%
and 100%.
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Table 4a. CT values of 10-fold serial diluted DNA ranging from 107-107 with primer pairs CAUI2F/CAUI5R. (Bold shows
negative samples). CAUI2F/CAUI5R

SERIAL

DILUTIONS 10! 102 103 10+ 10 Replicate
18.66 22.56 23.52 25.65 25.32 1
17.8 19.02 21.75 24.05 25.37 2
16.69 19.54 21.59 24.74 25.41 3
19.2 20.44 26.45 26.09 26.46 4
16.98 20.36 23.28 25.63 29.17 5
Cr VALUES 19.06 20.16 24.18 29.14 28.01 6
18.51 22.17 21.79 24.83 25.02 7
16.63 18.45 21.49 24.56 25.09 8
15.94 18.66 21.74 24.07 28.05 9
15.39 19.24 24.37 27.79 29.05 10
18.37 20.05 24.87 28.17 32.15 11

Table 4b. CT values of 10-fold serial diluted DNA ranging from 107'-107° with primer pairs 1GS-s/IGS-a used to calculate
limit of detection

1GS-s/IGS-a:
SERIAL
DILUTIONS 10! 102 103 10+ 105 Replicate
21.05 26.9 29.15 32.55 33.31 1
20.96 26.43 29.83 31.78 33.23 2
20.87 27.13 29.25 32.84 33.2 3
20.16 26.57 29.77 32.34 33.47 4
21.73 26.61 30.05 33.26 34 5
Cr VALUES 20.55 25.81 29.15 32.63 no Cr 6
20.38 26.05 29.73 33.7 35.19 7
20.95 26.23 30.31 33.47 no Cr 8
21.4 25.88 30.4 32.43 33.12 9
20.14 25.78 29.35 31.59 34.45 10
20.53 25.65 29.31 323 no Cr 11
Gradient annealing temperatures against Ct values Gradient temperature against mean Ct values
35 %
30 20
2% 0w 25
E
g 20 g 20
g 15 G 15
o &
10 g 10
5 5
0
0 56.3 56.5 57.1 58 59 60 61 62 63 63.9 64.5 64.7

55 552 559 57 582 594 606 618 641 648 65

Temperature (°C) Temperature (°C)

Figure 1. gPCR cycle threshold (CT) values with the primer pairs (a) 1GS-s/IGS-a and (b) CAU12F/CAU15R respectively
at different annealing temperatures.
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Figure 2. Amplification plots and standard curve of gPCR assay based on CT values against log standard concentration.
Amplification plot of 10-fold serial diluted DNA ranging from 102-10- with primer pairs (a) CAU12F/CAU15R and (b)
1GS-s/1GS-a respectively; corresponding standard curve (right).

(A) (B)

Figure 3a. Figure 3a: Corresponding agarose gel electrophoresis of qPCR products showing the specificity of primer pair
IGS-s/IGS-a (on top) and CAU12F/CAU15R (below), respectively. Lane L, marker; lane C+, positive control; lane T,
positive fish sample; lane A, DNA of A. hydrophilla; lane E, DNA of E. coli; lane Pr, DNA of Proteus; lane P, DNA of P.

syringae; lane Lg or Sa, DNA of L. garvieae or S. agalactiae; lane K, DNA of K. pneumoniae; lane En, DNA of E. faecalis;
lane S, DNA of S. aureus

Figure 3b. Melting curve analysis of gPCR showing specificity of primer pair 1GS-s/IGS-a and CAU12F/CAU15R.
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Discussion

This study optimized and validated the real-time PCR
(gPCR) for the simultaneous detection of S. agalactiae and L.
garvieae. The optimal temperature of the assay was
determined to be 60°C at a primer concentration of 500 nM.
The sensitivity and specificity of the primer pairs were very
high with a very low detection limit. The applicability of the
techniques was demonstrated using fish samples.

Diverse bacterial communities have been reported in fish.
These include lactic acid bacteria (Lactobacillus), S. innae, S.
thermophilus, Enterococcus-like strains among others (Mah
and Hwang, 2008; Roh et al., 2007). Traditionally, S.
agalactiae and L. garvieae have been detected in fish using
microbiological and biochemical tests which, despite being
simple, have low accuracy, specificity and are time-
consuming (Fortina et al., 2007). gPCR offers more rapid,
sensitive and specific detection of the bacteria.

Annealing temperatures between 55-61.8°C amplified the
S. agalactiae and L. garvieae DNA at low Cr values. This
range of temperature is narrower than that reported by (Ishii
and Fukui, 2001), of between 45-68°C. This shows that the
primers had improved specificity. Lower and higher
temperatures can result in non-specific and/or no
amplification. According to Silalahi and Sasadara, (2021),
optimal temperatures show no dimers or non-specific
amplification as illustrated in this study. PCR efficiency for
S. agalactiae and L. garvieae DNA amplification were
highest at 60°C, indicating that this was the optimal
temperature for amplification. Other studies reported similar
annealing temperature, despite using different PCR mixes
(Jung and Kim, 2010; Su et al., 2016; Escobar et al., 2020;
Silalahi and Sasadara, 2021).

The optimized primer concentration for both primer pairs
was 500 nM for S. agalactiae and L. garvieae. Escobar et al.,
(2020) reported similar concentrations and PCR efficiency
for S. agalactiae amplification in vaginal samples. The
results of the gel electrophoresis and melting curve showed
high reproducibility and repeatability further showing that the
primer concentration of 500 nM was optimal. According to
van Pelt-Verkuil and Hays, (2008), higher primer
concentrations are frequently associated with mis-priming
and nonspecific amplification, whereas lower primer
concentrations can result in low or no amplification of the
desired target.

To our knowledge, the current study is the first to report
S. agalactiae and L. garvieae detection by EvaGreen qPCR,
doing so in all seven fish samples used. These results show
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potential for use in the fish industry. The detection limit for
L. garvieae was 0.003 ng/ul of genomic DNA, with mean Ct
values of 24.0, and 0.0019 ng/ul for S. agalactiae, with mean
Cr value of 29.8. This sensitivity is comparable to that in
studies with other pathogenic bacterial species(Yang et al.,
2003; Lambertz et al., 2008; Jung and Kim, 2010; Olson et
al., 2012; Su et al., 2016) . A low Cr value shows presence of
high DNA concentration (McCall et al., 2014). The lower Cy
values from this study demonstrate that the assay was more
sensitive than reported by (Su et al., 2016) and (Jung and
Kim, 2010) who reported the negative samples having mean
Cr values of >37, with the positive samples having Cr mean
values between 25 and 35.

The standard deviation (SD) and coefficient of variation
(CV) values were below 10 for both S. agalactiae and L.
garvieae intra- and interassay variability. Low CV values
obtained for intra-assay and inter-assay runs indicate a high
level of assay repeatability and reproducibility. This means
that the assay can be easily used in different laboratories for
precise amplification. It also eliminates the need for sample
dilution for many practical applications. Our results are
consistent with (Su et al., 2016) and (Jung and Kim, 2010)
who reported low variations with the same primer sets.

The standard curves generated on serial dilutions of S.
agalactiae and L. garvieae DNA confirmed the PCR design
was optimal as they both showed high corelation between
replicates (R?= 0.99). The PCR efficiency was greater than
90% (91% and 97%, respectively) which also supports high
linearity between replicates. Both the gPCRs showed better
efficiency compared to those reported by (Su et al., 2016)
(106%, with slope -3.195) and (Jung and Kim, 2010) (70%,
with slope -4.3). Thus, the assay, master mix performance
and sample quality were good. In general, efficiency between
90-110% is considered acceptable (Applied Biosystems,
2008).

In this study, the specificity and quality of the 1GS-s/IGS-
a and CAU12F/CAUR15 primer pairs was confirmed by
testing with other bacteria, thus enabling S. agalactiae and L.
garvieae to be distinguished. There was no cross-reaction
between any bacteria DNA templates, confirming that the
primer sets were specific for detecting S. agalactiae and L.
garvieae (Agnes and Barnes, 2007). The analyzed melting
curves generated consistent peaks of positive samples at 8§°C
and negative samples at 77°C. (Su et al., 2016) and (Jung and
Kim, 2010), reported similar findings. This demonstrated that
the 1GSs/IGS-a and CAU15R/CAUL2F primer pairs were
able to distinguish S. agalactiae and L. garvieae from other
samples.  Thus, primer pairs I1GS-s/IGS-a  and
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CAUI15R/CAU12F proved to be good candidates for the
detection of S. agalactiae and L. garvieae.

Fish samples were successfully spiked with S. agalactiae
and L. garvieae strains. All seven spiked samples were
positive for the pathogens, proving that the protocols were
optimal and could be used to successfully detect the
pathogens in fish samples. The obtained sequences were
compared for similarity with reference sequences in the
NCBI blast database (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
The positive samples had high similarity to S. agalactiae and
L. garvieae reference sequences confirming the primers
amplified the desired gene. This confirms that the optimized
and validated protocols can specifically detect and identify S.
agalctiae and L. garvieae in fish samples. The use of the 16S
rRNA gene for the detection of L. garvieae has been
determined to be insufficient (Shahin et al. n.d.; Abraham et
al., 2023; Egger et al., 2023; Stoppani et al., 2023). This is
due to the close relatedness to recently reclassified species
like L. petauri. However, the use of other target genes
16S 23S and DNA gyrase subunit B can improve their
differentiation (Stoppani et al., 2023).

Conclusion

New gPCR assays were successfully optimized and
validated in this study using EvaGreen qPCR mix. The assays
provide rapid, specific, sensitive and reproducible methods
for the identification of S. agalactiae and L.garvieae in fish
tissues. The developed profiles for both pathogens are
similar, therefore can be used to detect the pathogens at the
same time. The methods are additional tools for the detection
of S. agalactiae and L. garvieae in practical applications,
specifically in aquaculture, and may provide an important
tool in future studies for the control of these pathogens. The
gPCR assays may be improved for the analytical
quantification of bacterial load of the two pathogens. This
would provide important tools for studying tropism of
bacteria in infected fish tissue and for monitoring bacterial
colonization in recovering fish. Quantitative analytic tools for
bacterial load are valuable for studying of bacterial
pathogenesis, host-bacteria interactions and bacterial
replication. A multiplex system for the detection of these two
pathogens can also be developed with the aid of the findings
in this study.
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