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ABSTRACT

ARTICLE HISTORY

Objectives: Streptococcus agalactiae is a zoonotic human and animal pathogen that causes global
economic losses in aquaculture and fatal outcomes in Tilapia. This study aimed to identify S. agalactiae isolated from different fish sources intended for human consumption phenotypically and
genotypically and to characterize the virulence-associated genes fbsA (fibrinogen-binding protein
FbsA), cfb (CAMP factor), and pbp1A/ponA (penicillin-binding protein 1A).
Materials and Methods: Three hundred Nile Tilapia fish (Oreochromis niloticus) were collected
from different farms and retail shops in Dakahlia and Damietta, Egypt, during the summer of 2020.
The samples were examined using routine phenotypic methods, then characterized using polymerase chain reaction (PCR) targeting S. agalactiae-specific dltS gene. All S. agalactiae isolates
were examined for the susceptibility to ten antimicrobial agents by the disc diffusion method. The
virulence-associated genes (fbsA, cfb, and pbp1A/ponA) were characterized using multiplex-PCR.
Results: Streptococcus agalactiae was detected in 7% (n = 21/300) samples. The isolates showed
high resistance against ampicillin and erythromycin (20/21; 95%) for each. The most predominant
antibiotypes through isolates were P, CN, SXT, CRO, TE, CTX, E, AMP, at 10.5% for each antibiotype.
A total of 19 (90.5%) of S. agalactiae isolates showed multi-drug resistance (MDR), and those
were recovered from market Tilapia fish. The virulence-associated genes (fbsA, cfb, and pbp1A/
ponA) were identified in the S. agalactiae as 100%, 76%, and 52%, respectively.
Conclusions: The MDR S. agalactiae detected in raw Tilapia fish pose a significant health hazard
to consumers due to their zoonotic characteristics.
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Introduction
Streptococcus agalactiae, a Group B Streptococcus (GBS),
produces a range of pathological conditions in aquatic animal species [1]. It causes disease in fish and humans [2] and
animals, such as dogs, cats, and cattle [3]. GBS is the main
causative agent of Streptococcosis outbreaks in freshwater fish aquaculture [4]. S. agalactiae has been associated
with cases of Streptococcosis outbreaks among humans
following fish consumption, indicating its potential as a
zoonotic agent [5]. S. agalactiae is responsible for meningoencephalitis and septicemia in freshwater fish such as
Tilapia [6], and cases of sudden death without detectable
symptoms in freshwater, estuarine, and marine fish species [7]. Diseased fish show typical symptoms, including
spiral swimming, anorexia, corneal opacity, unilateral or
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bilateral exophthalmia, and ulcers and hemorrhages in
the skin [8,9]. Affected organs, such as the eye, liver, kidney, and brain, show gross pathological changes, enlarging
and showing hemorrhagic and inflammation signs [10].
However, fish may show no signs before sudden death [11].
The severity of the disease produced may be attributable to factors such as its virulence marker and water
temperature [12,13]. Virulence genes facilitate the ability
of the pathogen to cause disease. They are classified into
three classes: adhesin genes (fbsA, fbsB, pavA, lmb, and
scpB), invasin genes (cylE, cfb, Spb1, hylB, rib, and bca),
and immune evasion genes (bac, cspA, and pbp1A/ponA).
They play a major role in pathogenicity after infection of
the host [14]. These genes also help bacteria stay alive,
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make the host less angry, and let the bacteria get around
the immune system.
The variation in susceptibility of S. agalactiae to antimicrobials could be due to variations in serotypes or to
the repeated uncontrolled application of antibiotics in
aquaculture [15]. Several antibiotics are used to eliminate
streptococcal infection, but these antibiotics’ frequent
and improper application can produce antimicrobial drug
resistance [13,16]. The difference in the effects of antimicrobial treatment and vaccination may be attributed to the
ability of streptococci to colonize and survive inside phagocytic cells, preventing their exposure to macrophages [17].
The Nile Tilapia (Oreochromis niloticus) is the world’s
fourth most cultured fish species [18]. It is the main species
cultured in Egypt, representing about 65.15% of Egyptian
fish production [19], because of its rapid growth rate, good
feed conversion, ability to survive in poor environmental
conditions, resistance to disease, ease of spawning, palatability, and good consumer acceptance [20]. Large-scale
production of farmed Tilapia increases the fish’s stress
and, consequently, their susceptibility to disease [21].
Streptococcal outbreaks can cause major economic losses
and are a major challenge for the development of the tilapia industry worldwide [22]. There is a little consideration
about the resistant phenotypes, antimicrobial susceptibility, and virulence mechanisms of S. agalactiae recovered
from farmed, diseased, and retailed Tilapia fish in Egypt.
Thus, this study aimed to detect the prevalence of S. agalactiae among Tilapia fish recovered from diseased farmed
fish and retail fish, study their antimicrobial susceptibility,
and genotype their virulence-associated genes. Finally, to
evaluate the hygiene measures taken among retail shop
Tilapia fish.

Materials and Methods
Ethical approval

Our study design and fish sampling were approved by the
Research Ethics Committee of the Faculty of Veterinary
Medicine, Mansoura University, Egypt (Protocol code:
M/19).
Fish sampling

From April 2020 to November 2020, 300 Nile Tilapia fish
were collected. One hundred fish were sampled from farms
located at EL-Manzala Lake, and two hundred fish were
collected from retail markets in Dakahlia and Damietta
provenances, Egypt. Fish samples were gathered in sterile
screw-capped plastic vials, placed in an icebox, and sent for
microbiological analysis at the Bacteriology, Mycology, and
Immunology Department, Faculty of Veterinary Medicine,
Mansoura University.
http://bdvets.org/javar/

Isolation of S. agalactiae from Tilapia
Under sterile conditions, swabs were sampled from the
kidney, brain, liver, eye, spleen, and gills and plated on
Edward agar (Oxoid, Basingstoke, UK) and 5% sheep blood
agar (Oxoid, Basingstoke, UK), followed by incubation for
24 h at 37°C. Tryptone soy agar (Oxoid, Basingstoke, UK)
and blood agar (Oxoid, Basingstoke, UK) were streaked
with separate cultured colonies showing morphology similar to Streptococci and then incubated at 37°C for 24 h to
obtain pure isolates. Streptococcal isolates were characterized using colonial morphology, Gram staining, motility,
catalase tests, cytochrome oxidase tests, hemolysis on 5%
sheep blood agar, and esculin hydrolysis on bile esculin
slants [23,24]. The CAMP reaction was used as a presumptive diagnosis for S. agalactiae, as the CAMP factor was
identified first in S. agalactiae [25]. All suspected streptococci isolates were preserved in 20% glycerol.
DNA extraction

Genomic DNA was extracted from all strains via homogenizing of a few bacterial colonies (3–5 colonies) in about
two hundred milliliters of deionized water, then boiling
for fifteen minutes, then centrifugation at 10,000 g for
three minutes. All the supernatant was collected in a sterile Eppendorf tube and used as a DNA template [26]. The
genomic DNA was stored at −20°C until it was used.
Molecular identification of S. agalactiae using PCR

All suspected Streptococcus spp. were characterized using
polymerase chain reaction (PCR) analysis of specific
primers targeting the S. agalactiae-specific dltS gene. The
primer sequence and PCR cyclic conditions were mentioned by Poyart et al. [27] (Table 1). The PCR used reaction
mix contained 12.5 µl 2× Tag PCR Master Mix (Enzynomics,
Daejeon, South Korea), 1 µl of each primer (Metabion
International AG, Steinkirchen, Germany), and 3 µl of template DNA in a final volume of 25 µl. The PCR cycle conditions were: 5 min at 94°C, 35 cycles at 94°C for 45 sec, 66°C
for 45 sec, and 72°C for 90 sec, and the extension step at
72°C for 5 min using a thermal cycler (Applied Biosystem,
2720 thermal cycler, USA). Then, 10 µl of amplified PCR
products were seen using 1% agarose gel through a gel
documentation system (Hoefer PS300B life science, USA)
and then checked with UV-induced fluorescence (Cleaver
Scientific Ltd. UV gel documentation system, USA).
Sequencing of the 16S rRNA of S. agalactiae

The primer sequence and PCR cyclic conditions for 16S
rRNA used for S. agalactiae confirmation and sequencing
were performed according to Lagacé et al. [28]. The purification of amplified products for strains was performed
using QIAquick PCR Product Extraction Kits (Qiagen Inc.
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Table 1. Oligonucleotides and PCR cyclic conditions for PCR amplification of genes used in this study.
Target gene

Dlts

16S rRNA

Pbp1A/ponA
Cfb
FbsA

Primer

Nucleotide sequence (5’-3’)

dlts-F

AAGTACATGCTGATCAAGT

dlts-R

TCTTGATCAACTTGTTGTAC

F27

AGAGTTTGATCMTGGCTCAG

R1492

TACGGYTACCTTGTTACGACTT

Pbp1A/ponA-F

AGGGGTAGTAGCATTACCAT

Pbp1A/ponA-R

CAACTATATGACTGGGATCG

cfb-F

GGATTCAACTGAACTCCAAC

cfb-R

GACAACTCCACAAGTGGTAA

fbsA-F

AACCGCAGCGACTTGTTA

fbsA-R

AAACAAGAGCCAAGTAGGTC

PCR cyclic conditions

Reference

952

5 min at 94°C,
35 cycles at 94°C for 45 sec,
66°C for 45 sec,
72°C for 1.5 min, and
72°C for 5 min

[27]

1485

5 min at 95°C,
35 cycles at 94°C for 30 sec,
56°C for 60 sec,
72°C for 60 sec, and
72°C for 10 min

[28]

5 min at 95°C,
38 cycles at
95°C for 30 sec,
47°C for 30 sec,
72°C for 30 sec, and
72°C for 10 min

[34]

939
600
278

Valencia, CA) and sequenced using BigDye Terminator
V3.1 cycle sequencing kits (Perkin-Elmer, Foster City, CA).
According to the manufacturer’s instructions, the purification of the sequence reactions (Centrisep, spin-column) used an Applied Biosystems 3130 automated DNA
Sequencer (ABI, 3130). BLAST® analysis (Basic Local
Alignment Search Tool) was used to identify the sequences
and obtain their GenBank accession numbers [29].
Phylogenetic analyses were performed using maximum
likelihood, neighbor-joining, and maximum parsimony in
MEGA6 (Fig. 3) [30].
Antimicrobial susceptibility test for S. agalactiae

Using disc diffusion methods, all S. agalactiae strains were
tested for susceptibility against 10 antimicrobial agents
belonging to seven antimicrobial classes. These antimicrobial agents (Oxoid, Basingstoke, UK) were ciprofloxacin (CIP; 5 µg), penicillin (P; 10 µg), sulfamethoxazole/
trimethoprim (SXT; 25 µg), ceftriaxone (CRO; 30 µg), tetracycline (TE; 30 µg), cefotaxime (CTX; 30 µg), erythromycin (E; 15 µg), ampicillin (AMP; 10 µg), imipenem (IPM;
10 µg), and gentamicin (CN; 10 µg) according to CLSI [31].
Tests were performed on Mueller–Hinton agar (Oxoid,
Basingstoke, UK) supplemented with 5% sheep blood
and incubated aerobically overnight at 37°C. The results
were interpreted according to the Clinical and Laboratory
Standards Institute [31]. Strains that showed resistance to
three or more antimicrobial agents belonging to three different antibiotic classes were considered multi-drug resistance (MDR) bacteria [32]. A multiple antibiotic resistance
(MAR) index was calculated according to Krumperman
[33].

http://bdvets.org/javar/

Target gene
(bp)

Genotyping of virulence-associated genes using multiplex
PCR
Streptococcus agalactiae strains were genotyped for the
standard virulence genes fbsA (fibrinogen-binding protein FbsA), cfb (CAMP factor), and pbp1A/ponA (penicillin-binding protein 1A), which were amplified as described
by Kannika et al. [34] using multiplex PCR (Table 1). The
reaction mixture contained 12.5 µl of PCR Master Mix, 1
µl of each primer, and 3 µl of template DNA, made up with
nuclease-free water to a final reaction volume of 25 µl. The
amplification conditions were as follows: an initial denaturation of 5 min at 95°C, followed by 38 cycles of 95°C
for 30 sec, 47°C for 30 sec, and 72°C for 30 sec, then a final
extension of 10 min at 72°C (Table 1). The amplifications
were examined on a thermal cycler (Applied Biosystem,
2720 thermal cycler, USA). The amplified PCR products
were visualized on a 1% agarose gel using a gel documentation system (Hoefer PS300B life science, USA) and then
checked using UV-induced fluorescence (Cleaver Scientific
LTD UV gel documentation system, USA).

Results

Prevalence of S. agalactiae isolated from Tilapia
The Streptococcus species appeared as small, blueish colonies with a smooth, white edge on Edward agar and translucent to slightly opaque, pinpoint colonies surrounded by
a beta-hemolytic zone on blood agar. These bacteria were
biochemically identified and shown to be Gram-positive
cocci, non-motile, oxidase-positive, catalase-negative,
and CAMP positive. Of the 300 cultured samples from
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Table 2. Prevalence of Streptococcus spp isolated from market and farmed Tilapia fish samples using PCR assays.
Source

Farmed Tilapia Fish (No/%)

Overall number of Samples

Market Tilapia Fish (No/%)

Total Number (No/%)

100

200

300

Number of Streptococcus Isolates

34 (34%)

55 (27.5%)

89 (29.6%)

Number of Streptococcus agalactia

13 (13%)

8 (4%)

21 (7%)

95%, followed by cefotaxime and trimethoprim-sulfamethoxazole (76% each), ceftriaxone (72%), tetracycline
(66%), gentamicin (62%), and penicillin (57%). Less antimicrobial resistance was detected against ciprofloxacin,
at 43% (9/21), and imipenem, at 5% (1/21) (Table 3).
MDR has been observed in 90.5% of isolates tested. MDR
was present in all S. agalactiae strains isolated from market Tilapia but in farmed Tilapia at lower levels, of 84.6%.
Nineteen antibiotypes were identified in S. agalactiae. The
most predominant antibiotypes through isolates were P,
CN, SXT, CRO, TE, CTX, E, AMP, and CIP, P, CN, SXT, CRO, CTX,
E, AMP, at 10.5% for each antibiotype (Table 4).
Virulence associated genes in S. agalactiae strains

Three virulence genes were used to predict the virulence
of S. agalactiae: fbsA, cfb, and pbp1A/ponA. The fbsA gene
was detected in all isolates, while cfb was present in 76%
(16/21) of isolates. Around half the isolates (11/21; 52%)
carried the pbp1A/ponA gene. The fbsA and cfb genes were
recovered from sixteen isolates, and all 3 virulence genes
were isolated from 11 isolates (Fig. 2; Table 5).

Figure 1. PCR analysis of 16SrRNA. Lanes: 1—
MW-DNA ladder (100bp); 2—positive control;
3—negative control; 4,5—Streptococcus agalactiae
strains.

Sequencing of the 16S rRNA of S. agalactiae

freshwater fish (O. niloticus), 89 isolates (29.6%) were
identified as Streptococcus spp. using routine phenotypic
methods. The suspected Streptococcus isolates were subjected to molecular identification (PCR) using species-specific dlt-s targeting S. agalactiae; almost 23.6% (21/89)
of the suspected isolates were confirmed as S. agalactiae.
The overall prevalence rate of S. agalactiae in all examined Tilapia samples in this study was 7% (21/300).
Streptococcus agalactiae was isolated from 13% (13/100)
of diseased farmed Tilapia fish and 4% (8/200) of market
Tilapia fish (Table 2, Fig. 1). The S. agalactiae strains were
isolated from fish samples as follows: 10 (47.6%) from the
liver; 6 (28.57%) from the kidney; 2 (9.5%) from each eye
and gill samples; 1 (4.85) from spleen samples.
Antimicrobial susceptibility testing of S. agalactiae

Susceptibility tests to 10 antimicrobial agents from seven
classes of antimicrobial agents showed that the most antimicrobial resistance of S. agalactiae strains was detected
versus ampicillin at 95% (20/21) and erythromycin at

http://bdvets.org/javar/

After identifying S. agalactiae strains for 16S rRNA using
the PCR method, sequencing of S. agalactiae strains was
applied by Elim biopharmaceuticals (USA). The nucleotide sequence of the S. agalactiae strains was deposited
in GenBank under accession no. OL335944. Phylogenetic
trees show the genetic relatedness among S. agalactiae
strains according to nucleotide sequence analysis of the
16S-rRNA gene (Fig. 3).

Discussion

GBS is a common group of bacteria in humans and fish,
causing meningitis in newborns, mastitis in cattle, and sepsis in rabbits [35]. Streptococcus agalactiae is the dominant
species of streptococci associated with fish disease, especially in Tilapia production [36]. Streptococcus agalactiae
causes high mortality in susceptible fish species, reaching
50%–70% in intensive farming systems [6]. Some serotypes of S. agalactiae from human newborns with meningitis and cattle result in disease and death in infected Nile
Tilapia [6], causing severe public health problems. To the
best of authors’ knowledge, there is a gap in knowledge
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Table 3. Antimicrobial susceptibility results of Streptococcus agalactiae strains isolated from fish (n = 21).
Antimicrobial Agent

Family

Disc code

Resistant No/(%)

Intermediate No/(%)

Amp

20/(95%)

Zero

1/(5%)

p

12/(57%)

Zero

9/(43%)

Imp

1/(5%)

1/ (5%)

19/(90%)

E

20/(95%)

Zero

1/(5%)

Ampicillin
Penicillin

β-lactams

Imipenem
Erythromycin

Macrolide

Cefotaxime

CTX

16/(76%)

Zero

5/(24%)

CRO

15/(72%)

Zero

6/(28%)

Sulphonamide

SXT

16/(76%)

Zero

5/(24%)

Tetracycline

TE

14/(66%)

5/(24%)

2/(10%)

Cephalosporin

Ceftriaxone
Trimethoprim/Sulphamethoxazole
Tetracycline

Susceptible No/(%)

Gentamicin

Aminoglycoside

CN

13/(62%)

Zero

8/(38%)

Ciprofloxacin

Fluoroquinoline

CIP

9/(43%)

9/(43%)

3/(14%)

Table 4. Antibiogram and MAR of Streptococcus agalactiae strains isolated from fish (n = 21).
Resistance pattern

Isolates No. (%)

I

CRO

0.1

1 (5.2)

II

P, E, AMP

o.3

1 (5.2)

III

P, CTX, E, AMP

o.4

1 (5.2)

IV

SXT, TE, CTX, E, AMP

0.5

1 (5.2)

V

P, SXT, TE, E, AMP

0.5

1 (5.2)

VI

P, TE, CTX, E, AMP

0.5

1 (5.2)

VII

CN, CRO, TE, CTX, E, AMP

0.6

1 (5.2)

VIII

CIP, CN, SXT, CRO, E, AMP

0.6

1 (5.2)

IX

CN, SXT, CRO, TE, CTX, E, AMP

0.7

1 (5.2)

X

CIP, SXT, CRO, TE, CTX, E, AMP

0.7

1 (5.2)

XI

CIP, P, CN, SXT, TE, E, AMP

0.7

1 (5.2)

XII

CIP, SXT, CRO, TE, CTX, E, AMP

0.7

1 (5.2)

XIII

CN, SXT, CRO, TE, CTX, E, AMP

0.7

1 (5.2)

XIV

CIP, CN, SXT, CRO, CTX, E, AMP

0.7

1 (5.2)

XV

P, CN, SXT, CRO, TE, CTX, E, AMP

0.8

2 (10.5)

XVI

CIP, P, CN, SXT, CRO, CTX, E, AMP

0.8

2 (10.5)

XVII

CIP, P, CN, SXT, CRO, TE, CTX, E, AMP

0.9

1 (5.2)

XVIII

P, CN, IPM, SXT, CRO, TE, CTX, E, AMP

0.9

1 (5.2)

XIX

CIP, P, CN, SXT, CRO, TE, CTX, E, AMP

0.9

1 (5.2)

considering the resistance mechanisms in S. agalactiae;
studies from Egypt have not focused on the molecular
characterization of GBS from O. niloticus to assess its environmental hazard. Our study clarifies the investigation of
S. agalactiae in both diseased and retail Tilapia fish, antimicrobial resistance, and its role in transmitting virulence
determinates between aquatic animals and humans via the
food route.
The overall prevalence rate of S. agalactiae was 7%
(21/300). The prevalence of diseased farmed Tilapia
(13/100; 13%) was higher than that of market Tilapia

http://bdvets.org/javar/

MAR index

(8/200; 4%). Previous results were consistent with ours
in diseased farmed Tilapia [37]. However, a higher prevalence was found in studies of S. agalactiae from diseased
fish from Saudi Arabia, Piura, Peru, and Thailand, of 44.4%,
56.25%, and 30.9%, respectively [34,38,39]. In China,
S. agalactiae has been the causative agent for more than
90% of infected Tilapia since 2009 [40]. In Colombia and
Brazil, S. agalactiae infection has high mortality in Tilapia
farms [41,42]. Higher infection rates have been reported in
Latin America and Asia [43]. In previous reports, fresh Nile
tilapia showed a lower prevalence of infection than in our
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Figure 2. Multiplex PCR analysis of Streptococcus agalactiae virulence genes showed MW-DNA
ladder (100 bp), fbsA gene (278 bp), cfb gene (600 bp), and pbp1A/ponA gene (939 pb).

Table 5. Prevalence of virulence genes in Streptococcus agalactiae isolated from market and farmed Tilapia fish
samples.
Virulence genes

Farmed Tilapia Fish No (%)

Market Tilapia Fish No (%)

Total number (%)

fbsA gene

13 (61.9%)

8 (38.09%)

21 (100%)

cfb gene

10 (47.62%)

6 (28.57%)

16 (76%)

Pbp1A/ponA gene

7 (33.33%)

4 (19.05%)

11 (52%)

study [16,44]. In Egypt, a study from Kafr El-Sheikh, Egypt
isolated S. agalactiae from Tilapia during the summer with
a prevalence of 13% [45].
The diversity of GBS prevalence can be attributed to
multiple factors. Tilapia under unsuitable conditions is
susceptible to several bacterial diseases, especially S. agalactiae. The contributing factors are high water temperature, high stocking density, and poor water quality due
to high ammonia levels and low dissolved oxygen levels
[6,46]. All outbreaks of streptococcosis in Nile Tilapia
occurred in summer when the water temperature rose
above 27°C [47]. High temperatures are a good environment for expressing the S. agalactiae virulence genes, leading to severe damage to fish tissue [47].
The rapidly growing antimicrobial resistance rate is a
serious issue worldwide for human and veterinary medicine [43,48–51]. In our study, the susceptibility of S.
agalactiae to 10 antimicrobials from seven antimicrobial
classes was tested. Of these antimicrobials, S. agalactiae
isolates showed the most potent resistance against ampicillin (95%); however, lower resistance was detected
in other reports [38,45]. The isolates studied exhibited
greater resistance to tetracycline and penicillin (66% and
57%, respectively) than was reported in previous studies
[34,38,39,45,52,53–55]. Similar tetracycline and penicillin resistance result was reported previously [16,22].
http://bdvets.org/javar/

The drugs of choice for GBS treatment are penicillin and
beta-lactams, followed by macrolides (erythromycin) used
in individuals allergic to beta-lactams [56,57]. They are
used in aquaculture for prophylactic or treatment purposes
[58,59]. Almost all isolates were resistant to erythromycin,
as reported by other authors [16,22,60]. The mechanism
of resistance against erythromycin in the bacteria includes
changes of the ribosomal target by a methylase [49,59]. It
is important to search for other options for infection control [50,59].
In our study, a lower rate of sensitivity to trimethoprim/sulfamethoxazole (24%) was detected in our
study. However, other studies found higher sensitivity rates [34,39]. Our results showed higher resistance
against gentamicin (62%), as reported in several reports
[15,21,51,59]. However, other studies found lower levels
of resistance [16,22]. Gentamicin affects the survival of
bacteria by preventing the binding of its messenger RNA,
which causes misreading of its DNA and changes to the
proteins it makes.
Antimicrobial resistance against quinolones and
third-generation cephalosporins was about 40% and 75%,
respectively. This result was different from those of other
studies into the antimicrobial sensitivity of S. agalactiae to
third-generation cephalosporins [38,45]. Fluoroquinolone
resistance has increased lately, and this increase has been
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studies have seen the three virulence genes in all S. agalactiae isolates [34,44]. Understanding pathogenesis in
aquatic outbreaks is complex because it is a process that
involves both bacterial virulence genes and other related
factors. Characterization of the patterns of virulence genes
will help determine the genetic diversity of Streptococcus
spp. and understand the genetic relatedness between bacterial virulence and host adaptations [60].

Conclusions

Intensive cultivation systems with poor environmental
conditions are related to the high mortality of fish, causing severe economic losses. Thus, special monitoring
programs, efficient sanitary measures, and constant monitoring are essential in controlling and treating GBS. MDR
is an emerging global threat, limiting our options for treatment of GBS infections due to uncontrolled use of antibiotics, which must be controlled to limit the emergence of
MDR strains in the environment.
Figure 3. Phylogenetic trees viewing the genetic
relatedness among S. agalactiae strains according to
nucleotide sequence analysis of A) 16S-rRNA gene
(OL335944).

List of abbreviations

attributed to many causes, such as efflux mechanisms
or mutations in the quinolone-resistance-determining
regions [54,55]. Non-guided and inaccurate use of antibiotics has resulted in many problems, such as resistance,
and can affect the safety and quality of food [55,59]. This
is a big problem for public health because of the spread
of MDR in human communities, hospitals, animal farming,
and veterinary medicine. It has become a problem for public health all over the world.
In this study, one of each of the three functional categories of virulence genes—adhesins, invasions, and immune
evasions—was characterized in all isolates to determine
their pathogenic and invasive abilities. At least two virulence genes were identified in the S. agalactiae isolates. The
fbsA gene, responsible for an adhesion protein on the bacterial surface, promoted adhesion to and invasion of host
cells [57,59] and was detected in our isolates. This gene
was not expressed in all isolates in a study from Thailand
[37]. The cfb gene, which encodes CAMP factor, a secreted
pore-forming protein causing lysis of red blood cells, was
carried by 76% of isolates. Thus, the hemolysis caused
by the CAMP factor can be used for the phenotypic characterization of S. agalactiae. The penicillin-binding protein A encoding gene (pbp1A/ponA), which was detected
in almost half of the isolates, leads to enhancement of the
resistance of the host to antimicrobial peptides. Previous
http://bdvets.org/javar/

GBS, Group B Streptococcus; MDR, Multi-drug resistance;
DNA, Deoxyribonucleic acid; PCR, Polymerase Chain
Reaction; CAMP, Christie Atkins Munch-Petersen; fbsA,
fibrinogen-binding protein; fbsB, fibrinogen-binding protein; pavA, fibrinogen-binding protein; scpB, Segregation
and condensation protein B; Lmb, laminin-binding protein; cylE, Β-haemolysin/cytolysin; Cfb, CAMP factor; Spb1,
haemolysin III; hylB, Hyaluronatelyase; Rib, the surface
protein; Bca, C-α protein; Bac, C-β protein; cspA, the serine
protease; Pbp1A/ponA, penicillin-binding protein 1A.

Acknowledgment

No Acknowledgment.

Conflicts of interest

The authors declare no conflicts of interest.

Authors’ contributions

A.A performed experiments and analyzed the data; A.A and
A.S wrote the manuscript. G.Y and A.S designed the experiment and revised the manuscript. All authors approved the
final version of the manuscript for publication.

References
[1]

Timoney JF, Gyles CL, Prescott JF, Songer G, Thoen CO. Streptococcus.
Gyles CL, Prescott JF, Songer G, Thoen CO (ed.), In: Pathogenesis of
bacterial infections in animals. 4th edition, Blackwell, Ames IA, pp
51–74, 2010; https://doi.org/10.1002/9780470958209.ch4

Alazab
et al. / J. Adv. Vet. Anim. Res., 9(1): 95–103, March 2022


101

[2]
[3]
[4]

[5]

[6]
[7]
[8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]

Collin SM, Shetty N, Lamagni T. Invasive Group B Streptococcus
infections in adults, England, 2015–2016. Emerg Infect Dis 2020;
26(6); https://doi.org/10.3201/eid2606.191141
Pang M, Sun L, He T, Bao H, Zhang L, Zhou Y, et al. Molecular and
virulence characterization of highly prevalent Streptococcus agalactiae circulated in bovine dairy herds. Vet Res 2017; 48: Article
No. 65; https://doi.org/10.1186/s13567-017-0461-2
Jiménez Leaño Á. Detección de Streptococcus agalactiae por PCR
en tejidos de Tilapias rojas (Oreochromis spp.) menores de 20g.
[online] 2010, Universidad Nacional de Colombia Sede Bogotá
Facultad de Ciencias Posgrado Interfacultades en Microbiología.
https://repositorio.unal.edu.co/handle/unal/6794 [Acceso: 8 de
marzo 2022]
Kalimuddin S, Chen SL, Lim CTK, Koh TH, Tan TY, Kam M, et al.
2015 epidemic of severe Streptococcus agalactiae sequence type
283 infections in Singapore associated with the consumption of
raw freshwater fish: a detailed analysis of clinical, epidemiological,
and bacterial sequencing data. Clin Infect Dis 2017; 64(2):S145–
52; https://doi.org/10.1093/cid/cix021
Adikesavalu H, Banerjee S, Patra A, Abraham TJ. Meningoencephalitis
in farmed monosex Nile Tilapia (Oreochromis niloticus L.) caused
by Streptococcus agalactiae. Arch Pol Fish 2017; 25:187–200;
https://doi.org/10.1515/aopf-2017-0018
Evans JJ, Bohnsack JF, Klesius, Evans JJ, Klesius PH, Shoemaker CA.
An overview of Streptococcus in warmwater fish. Aquacult Health
Int 2006; 7:10–14.
Laith AA, Ambak MA, Hassan M, Sheriff SM, Nadirah M, Draman
AS, et al. Molecular identification and histopathological study
of natural Streptococcus agalactiae infection in hybrid Tilapia
(Oreochromis niloticus). Vet World 2017; 10(1):101–11; https://
doi.org/10.14202/vetworld.2017.101-111
Evans JJ, Pasnik DJ, Klesius PH. Differential pathogenicity of five
Streptococcus agalactiae isolates of diverse geographic origin in
Nile Tilapia (Oreochromis niloticus L.). Aquac Res 2015; 46:2374–
81; https://doi.org/10.1111/are.12393
Pretto-Giordano LG, Müller EE, de Freitas JC, da Silva VG. Evaluation
on the pathogenesis of Streptococcus agalactiae in nile Tilapia
(Oreochromis niloticus). Braz Arch Biol Technol 2010; 53(1):87–
92; https://doi.org/10.1590/S1516-89132010000100011
Ye X, Li J, Lu M, Deng G, Jiang X, Tian Y, et al. Identification and
molecular typing of Streptococcus agalactiae isolated from
pond-cultured Tilapia in China. Fish Sci 2011; 77(4):623–32;
https://doi.org/10.1007/s12562-011-0365-4
Liao PC, Tsai YL, Chen YC, Wang PC, Liu SC, Chen SC. Analysis of
streptococcal infection and correlation with climatic factors
in cultured Tilapia Oreochromis spp, Taiwan. Appl Sci 2020;
10(11):2076–3417; https://doi.org/10.3390/app10114018
Sudprasert C, Wang PC, Chen SC. Phenotype, genotype and pathogenicity of Streptococcus agalactiae isolated from cultured Tilapia
(Oreochromis spp.) in Taiwan. J Fish Dis 2021; 44:747–56; https://
doi.org/10.1111/jfd.13296
Lin FP, Lan R, Sintchenko V, Gilbert GL, Kong F, Coiera E.
Computational bacterial genome-wide analysis of phylogenetic
profiles reveals potential virulence genes of Streptococcus agalactiae. PLoS One 2011; 6:e17964; https://doi.org/10.1371/journal.
pone.0017964
Abuseliana A, Daud H, Aziz S, Bejo S, Alsaid M. Streptococcus agalactiae the etiological agent of mass mortality in farmed red Tilapia
(Oreochromis sp.). J Anim Vet Adv 2010; 9:2640–6; https://doi.
org/10.3923/javaa.2010.2640.2646
Deng L, Li Y, Geng Y, Zheng L, Rehman T, Zhao R, et al. Molecular
serotyping and antimicrobial susceptibility of Streptococcus agalactiae isolated from fish in China. Aquac 2019; 510:84–9; https://
doi.org/10.1016/j.aquaculture.2019.05.046
Zlotkin A, Chilmonczyk S, Eyngor M, Hurvitz A, Ghittino C, Eldar
A. Trojan horse effect: phagocyte-mediated Streptococcus iniae

http://bdvets.org/javar/

[18]
[19]
[20]

[21]
[22]
[23]
[24]
[25]
[26]

[27]
[28]

[29]
[30]
[31]
[32]
[33]
[34]

infection of fish. Infect Immun 2003; 71:2318–25; https://doi.
org/10.1128/IAI.71.5.2318-2325.2003
FAO yearbook. Fishery and Aquaculture Statistics 2017/FAO annuaire, Rome, Italy.
Gafrd. Egyptian Fish statistics yearbook, 2015. 27th edition,
General Authority for Fish Resources Development, Cairo, Egypt,
2017.
Fitzsimmons K, Martinez-Garcia R, Gonzalez-Alanis P. Why Tilapia
is becoming the most important food fish on the planet. In: Liu
LP, Fitzsimmons K (eds.). Proceedings of the 9th International
Symposium on Tilapia in Aquaculture, Shanghai Ocean University,
Shanghai, China, pp 9–18, 2011 .
Klesius PH, Shoemaker CA, Evans JJ. Streptococcus: a worldwide
fish health problem – In: Elghobashy H, Fitzsimmons K, Diab AS
(eds.). 8th International Symposium on Tilapia in Aquaculture,
Cairo, Ag. Press Unit, Abbassa, Egypt, pp 83–107, 2008.
Wang EL, Wang KY, Chen DF, Geng Y, Huang WJ. Molecular cloning
and bioinformatic analysis of the Streptococcus agalactiae neuA
gene isolated from Tilapia. Genet Mol Res 2015; 14(2):6003–17;
https://doi.org/10.4238/2015.June.1.18
MacFaddin JF. Media for isolation-cultivation-identification-maintenance of medical bacteria, vol. I, Williams and Wilkins, Baltimore,
MD, 1985.
Barrow GI, Feltham RKA. Cowan and steel’s manual for the identification of the medical bacteria. 3rd edition, Cambridge University
Press, Cambridge, UK, 2003.
Jin T, Brefo Mensah E, Fan W, Zeng W, Li Y, Zhang Y, Palmer M. Crystal
structure of the Streptococcus agalactiae CAMP factor and insights
into its membrane-permeabilizing activity. J Biol Chem 2018;
293:11867–77; https://doi.org/10.1074/jbc.RA118.002336
Alexopoulou K, Foka A, Petinaki E, Jelastopulu E, Dimitracopoulos
G, Spiliopoulou I. Comparison of two commercial methods with PCR restriction fragment length polymorphism
of the tuf gene in the identification of coagulase-negative
Staphylococci. Lett Appl Microbiol 2006; 43:450–45; https://doi.
org/10.1111/j.1472-765X.2006.01964.x
Poyart C, Tazi A, Réglier-Poupet H, Billoët A, Tavares N, Raymond
J, et al. Multiplex PCR assay for rapid and accurate capsular typing of group B streptococci. J Clin Microbiol 2007; 45(6):1985–8;
https://doi.org/10.1128/JCM.00159-07
Lagacé L, Pitre, M, Jacques M, Roy D. Identification of the bacterial community of maple sap by using amplified ribosomal DNA
(rDNA) restriction analysis and rDNA sequencing. Appl Environ
Microbiol 2004; 70(4):2052–60; https://doi.org/10.1128/
AEM.70.4.2052-2060.2004
NCBI Resource Coordinators. Database resources of the National
Center for Biotechnology Information. Nucleic Acids Res
2016;44(D1):D7–19; https://doi.org/10.1093/nar/gkv1290
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol
2013; 30:2725–9; https://doi.org/10.1093/molbev/mst197
CLSI. Clinical and Laboratory Standards Institute. performance
standards for antimicrobial susceptibility testing; twenty-seventh
informational supplement. Document M100-S27. Wayne, PA, 2017.
Schwarz S, Silley P, Simjee S, Woodford N, van Duijkeren E, Johnson
AP, et al. Editorial: Assessing the antimicrobial susceptibility of
bacteria obtained from animals. J Antimicrob Chemother 2010;
65:601–4; https://doi.org/10.1093/jac/dkq037
Krumperman PH. Multiple antibiotic resistance indexing of
Escherichia coli to identify high-risk sources of fecal contamination
of foods. Appl Environ Microbiol 1983; 46:165–70; https://doi.
org/10.1128/aem.46.1.165-170.1983
Kannika K, Pisuttharachai D, Srisapoome P, Wongtavatchai J,
Kondo H, Hirono I, et al. Molecular serotyping, virulence gene profiling and pathogenicity of Streptococcus agalactiae isolated from
Tilapia farms in Thailand by multiplex PCR. J Appl Microbiol 2017;
122:1497–507; https://doi.org/10.1111/jam.13447

Alazab
et al. / J. Adv. Vet. Anim. Res., 9(1): 95–103, March 2022


102

[35]
[36]
[37]

[38]
[39].

[40]
[41]
[42]

[43]

[44]

[45]
[46]
[47]
[48]

Ren SY, Geng Y, Wang KY, Zhou ZY, Liu XX, He M, et al. Streptococcus
agalactiae infection in domestic rabbits, Oryctolagus cuniculus.
Transbound Emerg Dis 2014; 61:92–5; https://doi.org/10.1111/
tbed.12073
Liu G, Zhu J, Chen K, Gao T, Yao H, Liu Y, et al. Development of
Streptococcus agalactiae vaccines for Tilapia. Dis Aquat Organ
2016; 21;122(2):163–70; https://doi.org/10.3354/dao03084
Kayansamruaj P, Pirarat N, Katagiri T, Hirono I, Rodkhum C.
Molecular characterization and virulence gene profiling of
pathogenic Streptococcus agalactiae populations from Tilapia
(Oreochromis sp.) farms in Thailand. J Vet Diagn Invest 2014;
26:488–95; https://doi.org/10.1177/1040638714534237
Al-Harbi AH. Phenotypic and genotypic characterization of
Streptococcus agalactiae isolated from hybrid Tilapia (Oreochromis
niloticus x O.aureus). Aquaculture 2016; 464:515–20; https://doi.
org/10.1016/j.aquaculture.2016.07.036
Asencios OY, Sanchez BF, Mendizabal BH, Pusari HK, Alfonso OH,
Sayan MA, et al. First report of Streptococcus agalactiae isolated
from Oreochromis niloticus in Piura, Peru: molecular identification
and histopathological lesions. Aquac Rep 2016; 4:74–9; https://
doi.org/10.1016/j.aqrep.2016.06.002
Chen M, Li LP, Wang R, Liang WW, Liang W, Huang Y, et al. Screening
vaccine candidate strains against Streptococcus agalactiae of
Tilapia based on PFGE genotype. Vaccine 2012; 30: 6088−92;
https://doi.org/10.1016/j.vaccine.2012.07.044
Cieslewicz MJ, Chaffin D, Glusman G, Kasper D, Madan A, Rodrigues
S, et al. Structural and genetic diversity of group B Streptococcus
capsular polysaccharides. Infect Immun 2005; 73(5):3096–103;
https://doi.org/10.1128/IAI.73.5.3096-3103.2005
Marcusso P, Eto S, Claudiano G, Vieira F, Salvador R, Moraes
J, et al. Isolamento de Streptococcus agalactiae em diferentes
órgaos de tilápiasdo Nilo (Oreochromis niloticus) criadas em tanques-rede. J Biosci 2015; 31:549–54; https://doi.org/10.14393/
BJ-v31n2a2015-22504
Xie T, Wu Q, Zhang J, Xu X, Cheng J. Comparison of Vibrio parahaemolyticus isolates from aquatic products and clinical by
antibiotic susceptibility, virulence, and molecular characterization. Food Cont 2017; 71:315–21; https://doi.org/10.1016/j.
foodcont.2016.06.046
Legario FS, Casiano H, Turnbull CJF, Crumlish M. Isolation and
molecular characterization of Streptococcal species recovered
from clinical infections in farmed Nile tilapia (Oreochromis niloticus) in the Philippines. J Fish Dis 2020; 43:1431–42; https://doi.
org/10.1111/jfd.13247
Ghetas HA, Neiana A, Khalil RH, Hussein AM, Mohamed A. Khallaf.
Streptococcus agalactiae Isolation and Characterization in Nile
Tilapia (Oreochromis niloticus) with histopathological studies.
JCVR. 2021; 3:70–9; https://doi.org/10.21608/jcvr.2021.160254
Amal MNA, Saad MZ, Zahrah AS, Zulkafli AR. Water quality influences the presence of Streptococcus agalactiae in cage cultured red
hybrid Tilapia, Oreochromis niloticus x Oreochromis mossambicus.
Aquac Res 2015; 46:313–23; https://doi.org/10.1111/are.12180
Mian F, Godoy DT, Leal CAG, Yuhara TY, Costa GM, Figueiredo HCP.
Aspects of the natural history and virulence of S. agalactiae infection Nile Tilapia. Vet Microbiol Aspects, 2009; 136:180–3; https://
doi.org/10.1016/j.vetmic.2008.10.016[47].
Sadat A, El-Sherbiny H, Zakaria A, Ramadan H, Awad A. Prevalence,
Antibiogram and virulence characterization of Vibrio isolates from

http://bdvets.org/javar/

[49]

[50]

[51]
[52]

[53]
[54]

[55]
[56]

[57]

[58]
[59]
[60]

fish and shellfish in Egypt: a possible zoonotic hazard to humans.
J Appl Microbiol 2020; 11:118–43; https://doi.org/10.1111/
jam.14929
Sutcliffe J, Tait Kamradt A, Wondrack L. Streptococcus pneumoniae
and Streptococcus pyogenes resistant to macrolides but sensitive
to clindamycin: a common resistance pattern mediated by an
efflux system. Antimicrob Agents Chemother 1996; 40:1817–24;
https://doi.org/10.1128/AAC.40.8.1817
Li C, Sapugahawatte DN, Yang Y, Wong KT, Lo NWS, Margaret IP.
Multidrug-resistant Streptococcus agalactiae strains found in
human and fish with high penicillin and cefotaxime non-susceptibilities. Microorganisms 2020; 8:1055; https://doi.org/10.3390/
microorganisms8071055
Geng Y, Wang KY, Huang XL, Chen DF, Li CW, Ren SY, et al.
Streptococcus agalactiae an emerging pathogen for cultured ya-fish,
Schizothorax prenanti, in China. Transbound Emerg Dis 2012;
59:369–75; https://doi.org/10.1111/j.1865-1682.2011.01280.x
Amal MNA, Zamri saad M, Iftikhar AR, Siti Zahrah A, Aziel
S, Fahmi S. An outbreak of Streptococcus agalactiae infection in cage-cultured golden pompano, Trachinotus blochii
(Lace’pe’de), in Malaysia. J Fish Dis 2012; 35:849–52; https://doi.
org/10.1111/j.1365-2761.2012.01443.x
Liu L, Li YW, He RZ, Xiao XX, Zhang X, Su YL, et al. Outbreak of
Streptococcus agalactiae infection in barcoo grunter, Scortum barcoo (McCulloch &Waite), in an intensive fish farm in China. J Fish
Dis 2014; 37:1067–72; https://doi.org/10.1111/jfd.12187
Simoni S, Vincenzi C, Brenciani A, Morroni G, Bagnarelli P,
Giovanetti E, et al. Molecular characterization of italian isolates of
fluoroquinolone-resistant Streptococcus agalactiae and relationships with chloramphenicol resistance. Microb Drug Resist 2018;
24:225–31; https://doi.org/10.1089/mdr.2017.0139
Zhang Z, Lan J, Li Y, Hu M, Yu A, Zhang J, et al. The pathogenic and
antimicrobial characteristics of an emerging Streptococcus agalactiae serotype IX in Tilapia. Microb Pathog 2018; 122:39–45;
https://doi.org/10.1016/j.micpath.2018.05.053
Doare KL, O’Driscoll M, Turner K, Seedat F, Russell NJ, Seale AC, et
al. intrapartum antibiotic chemoprophylaxis policies for the prevention of group B Streptococcal disease worldwide: systematic
review. Clin Infect Dis 2017; 65:64; https://doi.org/10.1093/cid/
cix654
Yi T, Li Yw, Liu L, Xiao Xx, Li Ax. Protection of Nile Tilapia
(Oreochromis niloticus L.) against Streptococcus agalactiae following immunization with recombinant FbsA and α-enolase.
Aquaculture 2014; 428–429:35–40; https://doi.org/10.1016/j.
aquaculture.2014.02.027
Antimicrobials: OIE—World Organisation for Animal Health.
Available via https://www.oie.int/scientificexpertise /veterinary-products/antimicrobials/ (Accessed 3 June 2020).
Godoy DT, Carvalho Castro GA, Leal CA, Pereira UP, Leite RC,
Figueiredo HC. Genetic diversity and new genotyping scheme
for fish pathogenic Streptococcus agalactiae . Lett Appl Microbiol
2013; 57(6):476–83; https://doi.org/10.1111/lam.12138
Florindo C, Viegas S, Paulino A, Rodrigues E, Gomes JP, Borrego
MJ. Molecular characterization and antimicrobial susceptibility
profiles in Streptococcus agalactiae colonizing strains: association of erythromycin resistance with subtype III-1 genetic clone
family. Clin Microbiol Infect 2010; 16:1458–63; https://doi.
org/10.1111/j.1469-0691.2010.03106.x

Alazab
et al. / J. Adv. Vet. Anim. Res., 9(1): 95–103, March 2022


103

