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ABSTRACT: Streptococcus agalactiae infection is one of the major factors limiting the expansion of
tilapia farming globally. In this study, we investigated the serotype distribution, virulence and anti-
microbial resistance of S. agalactiae isolates from tilapia farmed in Lake Volta, Ghana. Isolates from
300 moribund fish were characterised by Gram staining, MALDI-TOF/MS and 16S rRNA sequenc-
ing. Serotype identification was based on multiplex polymerase chain reaction (PCR) amplification
of the capsular polysaccharide genes. Detection of virulence genes (cfb, fbsA and cspA) and histo-
pathology were used to infer the pathogenicity of the isolates. The susceptibility of isolates to anti-
biotics was tested using the Kirby-Bauer disk diffusion assay. All 32 isolates identified as S. agalac-
tiae were of serotype la. This was notably different from isolates previously collected from the farms
in 2017, which belonged to serotype Ib, suggesting a possible serotype replacement. The preva-
lence of the pathogen was related to the scale of farm operation, with large-scale farms showing
higher S. agalactiae positivity. Data from histopathological analysis and PCR amplification of tar-
geted virulence genes confirmed the virulence potential and ability of the isolates to cause sys-
temic infection in tilapia. Except for gentamicin, the majority of the isolates were less resistant to
the tested antibiotics. All isolates were fully sensitive to oxytetracycline, erythromycin, florfenicol,
enrofloxacin, ampicillin and amoxicillin. This study has improved our understanding of the specific
S. agalactiae serotypes circulating in Lake Volta and demonstrates the need for continuous moni-
toring to guide the use of antimicrobials and vaccines against streptococcal infections in Ghanaian
aquaculture systems.
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1. INTRODUCTION

Streptococcus agalactiae, commonly known as
Group B Streptococcus (GBS), is a Gram-positive bac-
terium that causes deadly bacterial infections. This
bacterium is a well-known fish pathogen that causes
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severe disease in freshwater and marine fish species
(Delannoy et al. 2013). It has zoonotic potential and
can be transmitted to humans via contact with or con-
sumption of undercooked fish or contaminated food
products. Streptococcosis epidemics linked to S. aga-
lactiae infection in cultured fish have been recorded
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globally. In tilapia Oreochromis spp., it is the main
causal agent of bacterial infections, accounting for
more than 50% of isolates from diseased farmed fish
(Sheehan et al. 2009). Systemic infection typically
presents with meningoencephalitis and septicaemia.
The disease has high transmission and mortality
rates, especially during high water temperatures
approaching or exceeding 30°C (Mian et al. 2009).

S. agalactiae infection is a major challenge to the
Ghanaian tilapia aquaculture industry. In 2017, S.
agalactiae multilocus sequence type 261 (ST261),
serotype Ib strain was identified as the dominant
pathogen associated with mortalities in cage tilapia
farms around Lake Volta in Ghana (Verner-Jeffreys et
al. 2018). Before this study, some farmers had strepto-
coccosis diagnosed on their farms through clinical
investigations. A recent report also mentioned co-
infection with S. agalactiae and other fish pathogens
like the infectious spleen kidney necrosis virus
(ISKNV) causing significant economic losses in the
Ghanaian aquaculture industry (Ramirez-Paredes et
al. 2021). Treatment with antibiotics and the use of
autogenous vaccines are the main options by which
streptococcosis is managed by tilapia farmers in
Ghana. S. agalactiae has shown increasing resistance
to antibiotics in many geographical locations across
the globe where aquaculture is intensively practiced
(Deng et al. 2019, Alazab et al. 2022). Aside from
repeated uncontrolled usage of antibiotics promoting
the emergence of resistant strains, outbreak of dis-
ease could also be influenced by the serotype and
virulence of the infecting strain. Currently, 10 capsu-
lar serotypes of S. agalactiae are known (Cieslewicz et
al. 2005, Slotved et al. 2007). These are Ia, Ib, II, III, IV,
V, VI, VII, VIII and IX, classified based on specific
capsular polysaccharide antigens, which are unique
for each serotype. The most prevalent serotypes in
fish infection outbreaks are Ia, Ib and III (Chideroli et
al. 2017). So far, only serotype Ib has been confirmed
in Ghana (Verner-Jeffreys et al. 2018, Ramirez-
Paredes et al. 2021), yet farmers are already using a
trivalent autogenous vaccine (Virbac) targeting sero-
types la, Ib and III against Streptococcus infections.
Serotype switching is becoming an increasingly
important immune evasion mechanism that might
seriously hamper vaccination efforts. It is therefore
prudent to closely monitor for possible changes in
serotype distribution while directing the develop-
ment of vaccines against this pathogen.

More recently, traditional serotyping methods such
as enzyme immunoassays, latex agglutination and co-
agglutination have been replaced by polymerase
chain reaction (PCR)-based assays. Both multiplex

PCR and whole genome sequencing approaches have
been reported to identify different serotypes of GBS
with high accuracy based on sequence differences
within the variable region (cpsG — cpsK) of the capsu-
lar gene cluster (cps) locus (Imperi et al. 2010, Tiru-
vayipati et al. 2021). In this study, molecular serotyp-
ing was adopted to serotype 32 S. agalactiae isolates
recovered from farmed Nile tilapia in Ghana. The iso-
lates were screened for antimicrobial resistance and
further characterised by partial 16S TRNA sequencing
and PCR detection of virulence genes.

2. MATERIALS AND METHODS
2.1. Fish sampling

Moribund fish were sampled from 30 tilapia farms
along Lake Volta in Ghana between August and
November 2021, following ethical approval obtained
from the University of Ghana Institutional Animal
Care and Use Committee (UG-IACUC 007/20-21)
and consent by farmers. The farms sampled included
small- (n = 9), medium- (n = 12) and large-scale (n =
9) operations as defined by the Fisheries Commission
of Ghana. On average, 10 biological samples of fry,
fingerlings, grow-out adult fish and broodstocks were
collected at each farm depending on the type of oper-
ational facility (i.e. grow-out and/or hatchery). Gross
clinical symptoms were recorded for each fish. All fish
sampled were euthanized with 0.20 ml of clove oil per
500 ml of water for 10 min. For bacteriological exam-
ination, the head kidney, brain and external lesions of
the fish were streaked directly using sterile inocula-
tion loops on 5% sheep blood agar (Oxoid), tryptone
soya agar (Oxoid) and tryptone yeast extract agar
supplemented with tobramycin at 5 pg ml~! concen-
tration. In addition, several fish tissue samples (brain,
liver, kidney, spleen, heart, muscle, gills and pan-
creas) were collected and fixed in 10% buffered for-
malin for histopathological analysis. Epidemiological
data on disease intervention measures and mortal-
ities including the use of antimicrobials at the farm
level was collated through interviews using a struc-
tured electronic questionnaire (see Text S1 in Sup-
plement 1 at www.int-res.com/articles/suppl/d158
p027_suppl.pdf).

2.2. Laboratory analysis

The bacterial cultures were incubated at ambient
temperature (27—30°C) for up to 3 d and isolates were
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sub-cultured for purity on brain heart infusion (BHI)
agar. Bacteriological assessment was performed by a
combination of phenotypic tests (bacterial colony
morphology and Gram staining) and MALDI-TOF
using the Bruker MALDI Biotyper Microflex LT and
MBT Compass 4.1 reference library (version 2022) for
the analysis. Streptococcus agalactiae isolates were
further identified by Sanger sequencing of the 16S
TRNA gene using the S-20 and A-18 primers described
by Suau et al. (1999). A phylogenetic tree based on the
16S rRNA gene fragments (~500 bp) was constructed
using the neighbour-joining method. For molecular
serotyping, genomic DNA was amplified using Go Taq
Green Master Mix (Promega) and cps primers (0.2 pM
final concentration) targeting 3 serotypes (type la, Ib
and III) in a multiplex PCR assay (Imperi et al. 2010).
Detection of key virulence genes cfb (CAMP factor in-
volved in host invasion), fbsA (the fibrinogen-binding
protein FbsA for adhesion) and cspA (the serine pro-
tease cspA involved in immune evasion) were also
multiplexed in a single PCR reaction using previously
reported primers (Kayansamruaj et al. 2014, Kannika
et al. 2017, Legario et al. 2020). The oligonucleotides
and cyclic conditions used for PCR amplification of all
genes included in this study are shown in Table S1.

For drug susceptibility testing, the S. agalactiae iso-
lates were screened using the Kirby-Bauer disk diffu-
sion assay on Mueller-Hinton agar (Oxoid) containing
5% sheep blood according to the Clinical Laboratory
Standard Institute (CLSI) protocols for streptococci
aquatic bacteria (CLSI 2020a,b). The following anti-
biotics were used: oxytetracycline (OXT; 30 ng), flor-
fenicol (FLO; 30 pg), erythromycin (ERY; 15 pg),
trimethoprim-sulfamethoxazole (SXT; 25 pg), enrof-
loxacin (ENR; 5 pg), gentamicin (CN; 30 pg), ampicil-
lin (AMP; 10 pg) and amoxicillin (AML; 10 pg), sup-
plied by Oxoid. The diameter of each zone of inhibition
was determined after 24 and 48 h of incubation at
28°C. The testing was done in duplicate for each anti-
biotic and read by 2 different investigators. S. pneu-
moniae ATCC 49619 was used as the quality control
(QQC) strain. The S. agalactiae isolates were classified
as wild-type (WT) and non-wild-type (NWT) based on
their epidemiological cut-off (COwr) values generated
using the normalized resistance interpretation (NRI)
method (Kronvall & Smith 2016). WT refers to isolates
whose susceptibility are indistinguishable from fully
susceptible members of the group, with zone of in-
hibition values = COyr, while the NWT isolates are
presumed to have acquired resistance characteristics
and exhibit reduced susceptibility from the rest of the
group, with zone of inhibition values < COy, Calcu-
lations of COyyt using Excel (www.bioscand.se/nri/;

accessed on 23 November 2023) were performed for
the antibiotics (ENR, OXT, CN, FLO and AML) with
no reference veterinary-specific or human medical
breakpoints. Except for CN, each of these antibiotics
were analysed with at least 50 observations from ‘sus-
pected’ susceptible S. agalactiae isolates (n = 26) as
recommended by Smith (2020). For AMP, SXT and
ERY, the categorisation into susceptible, intermediate
and resistant isolates was based on the breakpoints for
Streptococcus spp. from humans, as recommended in
CLSI (2020c).

Histopathological analysis of formalin-fixed tissue
samples was performed following standard routine
protocols (Suvarna et al. 2019). Briefly, paraffin-
embedded tissues were sectioned at 2—2.5 pm thick-
ness and stained with haematoxylin and eosin and
Gram-Twort. The sections were examined under light
microscope at up to 100x magnification for identifica-
tion of bacteria. Images were captured using a Hama-
matsu NanoZoomer S360 digital slide scanner
together with the NDPview.2.7.25.0 (Hamamatsu
Photonics K.K.) software program.

3. RESULTS

The Streptococcus agalactiae strains isolated from
the brain, kidney and skin samples showed pinpointed
whitish or creamy round colonies with smooth edges
on BHI agar and were Gram-positive cocci, appearing
in pairs or chains. Out of the 32 confirmed S. agal-
actiae isolates, 28 (87.5%) were -haemolytic on blood
agar. The overall farm-level prevalence of S. agalactiae
was 23.3% (7 out of 30 farms) and the pathogen was
widely distributed along the Eastern bank of Lake
Volta (Fig. 1). It was detected both as single infection
and in combination with other bacterial pathogens
(Aeromonas veronii, Edwardsiella tarda and Chryso-
bacterium spp.) (Table S2). Data from positive farms,
including type of culture systems, stocking density,
water temperature and the accumulated mortality rate
reported during major disease outbreaks, are pres-
ented in Table 1. Most positive farms were large-scale
farms (71 %, n = 5) and included a hatchery and combi-
nations of hatchery, nursery and grow-out facilities,
producing their own fingerlings from locally obtained
broodstocks. Adult fish with a median weight of 300 g
were most affected, which included some broodstocks.
The infected fish presented with a range of gross clini-
cal signs including haemorrhaging of skin and internal
organs, distended abdomen (ascites), opaque eyes,
exophthalmia, necrosis of viscera, mottled friable
liver, enlarged gall bladder, congested kidney and
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Fig. 1. Distribution of tilapia farms on Lake Volta with detection of Streptococ-

cus agalactiae (yellow circles), other bacteria (red circles), co-infection of S.

agalactiae with other bacteria (grey circles) and farms where bacteria were not

detected (green circles). F1—F7 indicate the S. agalactiae positive farms. The
maps were created using ArcGIS software (ESRI; www.esri.com)

splenomegaly (Table S2). Some fish
found positive for S. agalactiae had no
detectable gross signs. Molecular se-
rotyping confirmed all isolates to be
serotype la, amplifying the 688 and
272 bp DNA fragments of the cpsL and
cpsG capsid genes, respectively (data
not shown). Blast searches of the 500
bp 16S rRNA product sequences re-
vealed significant similarity of 99.4—
100%, with only S. agalactiae ident-
ified as a 'hit' based on the information
obtained from GenBank (Table S3
in Supplement 2 at www.int-res.com/
articles/suppl/d158p027_supp2.xlsx).
Phylogenetic analysis of the 16S rDNA
amplicons clustered the S. agalactiae
isolates into 2 groups that were closely
related to serotype la isolated from
cultured tilapia in Asia (Fig. 2).

Histopathological analysis revealed
multiple cases of bacterial infections
with accompanying septicaemia. Fish
that were positive for S. agalactiae by
culture and PCR had bacteria in
multiple organs, including the brain,
spleen, liver, kidney, pancreas and
heart (Fig. 3). Individual spleen and
brain tissues contained large numbers
of melanomacrophage centers with
local fibrin deposits. These aggre-
gates of highly pigmented phagocytes
might reflect an ongoing immune
response of the fish to an infection. All
S. agalactiae isolated in this study
carried the key virulence genes fbsA,
cfb and cspA (related to host ad-
hesion, invasion and immune evasion,
respectively).

Table 1. Data on culture systems, stocking density, water temperature and accumulated mortality rates for Streptococcus
agalactiae-positive tilapia farms. Cumulative mortality rate data are from 2019—-2021

Farm Type of holding Stocking rate Production Water Cumulative mortality

facility in cages scale temperature  rate during major fish
(no. fish m~3) (°C) disease episodes (%)

1 Floating cages, tanks, and ponds 100—107 Large 29 80—90

2 Floating cages 16—20 Medium 28 > 50 (up to 90)

3 Floating cages 40—-60 Large 28—-30 80

4 Floating cages 20—40 Medium 23—-29 80

5 Floating cages, tanks and ponds 16—24 Large 26—29 40

6 Floating cages, tanks ponds or reservoirs 40-92 Large 28—30 90

7 Floating cages 20—40 Large 28—-29 90
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Fig. 2. Phylogenetic tree based on 16S rDNA sequences of Streptococcus agalactiae isolates from farmed tilapia in Lake Volta.
The tree was inferred by neighbour-joining analysis using Unipro UGENE v.44.0 on fragments of ~500 aligned nucleotide posi-
tions. Sequences from this study are labelled as 1a, 2021, corresponding to the serotype and year of isolation. Reference se-
quences from related studies are labelled as 1b, 2017, corresponding to the serotype and year of isolation (Verner-Jeffreys et al.
2018). Bootstrap values (%) represent 1000 replicates. Accession numbers of all sequences included in the analysis are indicated

For antimicrobial susceptibility testing, the isolates
were generally classified based on the COyr values or
using human breakpoints of the targeted antibiotics
(Tables 2 & 3). A histogram displaying the distribution
of zone sizes using the NRI method is presented in
Fig. S1. The distribution of zone sizes for nearly all

tested antibiotics was symmetrical around the mean
except for CN, where the observations were clustered
around the left tail of the distribution curve. The non-
normality of the CN observations does not satisfy the
NRI assumption of fully susceptible WT strains, and
therefore the COyyr for this drug could not be estab-
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Fig. 3. Histopathological sections of tissues from tilapia Oreochromis niloticus that tested positive for Streptococcus agalactiae
(culture and PCR). All sections were stained with H&E and Gram-Twort. (A) Meningoencephalitis of the brain showing thick-
ened, cell-rich meningi with fibrin deposits and spread occurrence of coccoid bacteria. Note the presence of phagocytosed
Gram-positive bacteria in inflammatory cells (inset arrows). (B) Hyperemic spleen tissue with numerous phagocytic cells in the
ellipsoids containing myriad intracytoplasmic Gram-positive cocci bacteria (inset arrows). (C) Epicarditis of the heart cardiac
ventricle showing inflammatory cells and local fibrin deposits. Note the numerous Gram-positive cocci bacteria in phagocytic
cells and as well as those freely present in the extracellular space (inset). (D) Hepatopancreas with multifocal necrotic zones
surrounding bacterial infiltrates that are centred on remaining exocrine pancreas tissue. Lipid droplets dominate the hepato-
cellular cytoplasm, consistent with reduced food intake. Inset shows Gram-positive bacterial colonies and bacteria spreading
into the surrounding hepatic parenchyma

lished with accurate precision (Kronvall & Smith
2016). All isolates were categorized as WT for ENR,
OXT, FLO and AML (Table 2). For CN, the results
were difficult to interpret because the COyyr required
to provide the basis for differentiating the WT from the
NWT population was not determined. However, the
majority of the analysed isolates (n = 25 out of 26,
96 %) showed relatively smaller zone sizes in the range
of 9—12 mm with only one putative WT isolate (zone
diameter: 25 mm) identified (Table 2). Only 3 isolates
(11.5%) demonstrated resistance to SXT, with a single
isolate showing an intermediate susceptibility pheno-
type (Table 3). Moreover, all isolates were found to be
susceptible to AMP and ERY. Although we did obtain

the zone of inhibition values for the QC strain (Table
S4), these were not used in the assessment to deter-
mine the susceptibility or resistance of the isolates.
Based on the farm interview responses, the use of
antibiotics was relatively higher among small-scale
farmers compared to medium- and large-scale farms
(Fig. 4A). Typically, OXT and AML were the most
commonly administered drugs. Aside from antibio-
tics, other management interventions adopted by
farmers for disease control included vaccination
(mainly autogenous vaccines), heat-shock treatment,
salt bathing, chemicals (hydrogen peroxide, HyO,;
potassium permanganate, KMnQO,), probiotics (e.g.
rhodomax), local herbs (cactus, rosemary, bitterleaf,
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Table 2. Antibiotic susceptibility pattern of Streptococcus
agalactiae isolates from tilapia. Disk diffusion zone of in-
hibition diameter of each isolate was measured after culturing
on Muller-Hinton agar supplemented with 5% sheep blood at
28°C for 48 h. WT (wild-type): susceptible strains; NWT (non-
wild-type): resistant strains. ENR: enrofloxacin (5 pg); OXT:
oxytetracycline (30 pg); CN: gentamicin (30 pg); FLO:
florfenicol (30 pg); AML: amoxicillin (10 ug). Note that the
designation of most CN values as NWT was not based on the
epidemiological cut-off (COyr) value, but rather on pre-
sumed resistance. COyr values were determined using
mean — 2.5 SD. ND: not determined

Isolate Antibiotic zone of inhibition (mm) ——
sample ID ENR OXT CN FLO AML
Fsal2242 20 (WT) 25(WT) 9 (NWT) 26 (WT) 28 (WT)
Fsal2243 25 (WT) 28 (WT) 11 (NWT) 27 (WT) 30 (WT)
Fsal2244 20 (WT) 23 (WT) 10 (NWT) 25 (WT) 28 (WT)
Fsal2245 21 (WT) 28 (WT) 9 (NWT) 25 (WT) 29 (WT)
Fsal2246 23 (WT) 25 (WT) 11 (NWT) 25 (WT) 29 (WT)
Fsal2248 21 (WT) 26 (WT) 10 (NWT) 26 (WT) 30 (WT)
Fsal2249 22 (WT) 24 (WT) 10 (NWT) 25 (WT) 29 (WT)
Fsal2250 25 (WT) 25 (WT) 10 (NWT) 27 (WT) 31 (WT)
Fsal2253 21 (WT) 25 (WT) 10 (NWT) 26 (WT) 28 (WT)
Fsal2254 24 (WT) 31 (WT) 10 (NWT) 28 (WT) 31 (WT)
Fsal2255 20 (WT) 23 (WT) 12 (NWT) 25 (WT) 26 (WT)
Fsal2256 19 (WT) 27 (WT) 9 (NWT) 27 (WT) 30 (WT)
Fsal2257 21 (WT) 26 (WT) 11 (NWT) 26 (WT) 31 (WT)
Fsal12258 22 (WT) 28 (WT) 11 (NWT) 26 (WT) 29 (WT)
Fsal2259 21 (WT) 23 (WT) 9 (NWT) 27 (WT) 30 (WT)
Fsal2260 21 (WT) 26 (WT) 10 (NWT) 26 (WT) 28 (WT)
Fsal2261 25 (WT) 27 (WT) 10 (NWT) 28 (WT) 29 (WT)
Fsal2262 19 (WT) 22 (WT) 10 (NWT) 26 (WT) 29 (WT)
Fsal2263 20 (WT) 22 (WT) 11 (NWT) 26 (WT) 27 (WT)
Fsal2264 20 (WT) 27 (WT) 12 (NWT) 25 (WT) 28 (WT)
Fsal2265 23 (WT) 29 (WT) 10 (NWT) 30 (WT) 31 (WT)
Fsal2266 20 (WT) 25 (WT) 9 (NWT) 21 (WT) 29 (WT)
Fsal2267 21 (WT) 25 (WT) 10 (NWT) 25 (WT) 29 (WT)
Fsal2268 20 (WT) 23 (WT) 10 (NWT) 28 (WT) 29 (WT)
Fsal2269 24 (WT) 31 (WT) 25 (WT) 30 (WT) 30 (WT)
Fsal2270 20 (WT) 21 (WT) 10 (NWT) 27 (WT) 29 (WT)
Epidemiological cut-off values (mm)

WT mean 21 25 ND 26 29.45
WT SD 2.66 3.34 ND 2.05 1.17
COwr 14 16 ND 21 26

neem leaves, garlic) and other management practices
(less feeding, refluxing, reduced stocking density and
removal of dead and diseased fish) (Fig. 4B).

4. DISCUSSION

Streptococcus agalactiae remains a major concern
to the global tilapia aquaculture industry and poses
potential health risks to workers and consumers. It af-
fects most production systems and can result in high
levels of mortality. This bacterium has been pre-
viously associated with severe mortality events in

Table 3. Antibiotic susceptibility pattern of Streptococcus
agalactiae isolates from tilapia. Disk diffusion zone of in-
hibition diameter of each isolate was measured after culturing
on Muller-Hinton agar supplemented with 5% sheep blood at
28°C for 48 h. Isolates were categorized as resistant (R), inter-
mediate (I) and susceptible (S) based on human breakpoints
and interpretive criteria established for Streptococcus spp.
(CLSI 2020c). AMP: ampicillin (10 pg); SXT: trimethoprim-
sulfamethoxazole (25 nug); ERY: erythromycin (15 pg)

Isolate Antibiotic zone of inhibition (mm)

Sample ID AMP SXT ERY
Fsa12242 28 (S) 21 (S) 27 (S)
Fsa12243 30 (S) 25 (S) 30 (S)
Fsal12244 28 (S) 21 (S) 25 (S)
Fsal12245 29 (S) 24 (S) 30 (S)
Fsal2246 30 (S) 20 (S) 24 (S)
Fsal12248 31 (S) 21 (S) 30 (S)
Fsal12249 28 (S) 23 (S) 27 (S)
Fsa12250 30 (S) 21 (S) 30 (S)
Fsa12253 28 (S) 0 (R) 27 (S)
Fsal12254 32 (S) 21 (S) 30 (S)
Fsal2255 30 (S) 22.(S) 27 (S)
Fsal2256 31 (S) 18 (I) 29 (S)
Fsal2257 25 (S) 24 (S) 26 (S)
Fsa12258 29 (S) 25 (S) 28 (S)
Fsa12259 33 (S) 0 (R) 26 (S)
Fsa12260 29 (S) 21 (S) 26 (S)
Fsa12261 31 (S) 24 (S) 30 (S)
Fsa12262 30 (S) 21 (S) 27 (S)
Fsa12263 27 (S) 21 (S) 26 (S)
Fsa12264 30 (S) 23 (S) 26 (S)
Fsal2265 29 (S) 19 (S) 31 (S)
Fsa12266 27 (S) 20 (S) 26 (S)
Fsal2267 28 (S) 20 (S) 27 (S)
Fsa12268 29 (S) 24 (S) 27 (S)
Fsa12269 33 (S) 0 (R) 29 (S)
Fsal2270 31 (S) 21 (S) 28 (S)

farmed tilapia in Ghana (Verner-Jeffreys et al. 2018,
Ramirez-Paredes et al. 2021). In addition, it was the
predominant bacterial pathogen found in this study.
Of the 32 S. agalactiae isolates recovered from 300
moribund and diseased fish, 100% were found to be
serotype la. This was confirmed by 16S rDNA se-
quencing and PCR amplification of 688 and 272 bp
fragments, which corresponded to the cps genes cpsL
and cpsG, respectively (Imperi et al. 2010). Surpris-
ingly, no other serotype was detected in this study,
even though the sampling coverage included tilapia
farms where S. agalactiae serotype Ib had been pre-
viously identified (Verner-Jeffreys et al. 2018). Sero-
type Ib is an adapted fish lineage with low growth fit-
ness in culture medium compared to multi-host
serotypes such as Ia and III (Leal etal. 2019). Thus, itis
possible that the pathogen might still circulate on
farms but not have been detected by the limitation of
microbiological cultivation, as Ia can grow and overlap
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Fig. 4. Farmer interview responses to (A) antibiotic use and (B) specific treatments or interventions adopted at different scales of

tilapia farm operation (small, medium and large). Data were generated using a structured questionnaire and by interviews. The

‘other’ antibiotics include tetracycline, penicillin and amoxiclav; interventions not listed were less feeding, refluxing, reduced
stocking density and removal of dead and diseased fish

the growth of Ib. In addition, some farmers are already
using a conjugate autogenous vaccine targeting 3
serotypes (type la, Ib and III) to treat or manage Strep-
tococcus infection in Lake Volta, which might have re-
placed or controlled the presence of serotype Ib on the
farm. The vaccine works best in healthy fish and pro-
vides herd immunity at normal growth temperatures
of 27—30°C. Although the water temperatures varied
across positive farms (23—30°C; Table 1), no outbreaks
have been reported from farms that had received
autogenous vaccines against streptococcal infection.
Nevertheless, it is quite worrisome that antigens
against serotype Ill are included in the vaccine formu-
lation despite its apparent absence in Ghana.
Serotype switching and cross-boundary species
transmission may contribute to the emergence of new
serotypes within confined geographical areas. Based
on the 16S rDNA sequencing data, most of the iso-
lates were closely related to the Chinese tilapia iso-
lates YMOO1 (GenBank accession no. CPO11326) and
GX064 (GenBank accession no. CPO11327), all from
the Guangxi Province (Fig. 2). Several reports from
Southeast Asian countries including the Philippines
have implicated serotype la as the most prevalent and
widespread cause of streptococcosis in freshwater
tilapia aquaculture systems (Lusiastuti et al. 2014,
Kannika et al. 2017, Kayansamruaj et al. 2019, Legario
etal. 2020, Syuhada et al. 2020). While introduction of
infected fish may be the most common mode of S.
agalactiae transmission, the pathogen can also be
transmitted vertically (Pradeep et al. 2016). Its detec-
tion in broodstocks in this study highlights the impor-

tance of monitoring and controlling potential local
spread through the sale and movement of fingerlings
from infected hatcheries. Detailed genomic charac-
terization and further epidemiological information
may be required to support tracing of the origin of
S. agalactiae la in Ghanaian tilapia cultures.

The gross pathology of S. agalactiae-infected fish in
this study revealed many features typical of septi-
cemic disease (Zamri-Saad et al. 2010, Li et al. 2014).
Meningoencephalitis was evident, with fish display-
ing thickened meninges, infiltration of a large number
of mixed inflammatory cells and spread occurrence of
coccoid bacteria, consistent with previous histologi-
cal studies on streptococcal infections in tilapia (Fer-
guson 2006, Chen et al. 2007). These pathological
changes may reflect the highly invasive nature of
S. agalactiae serotype la and its ability to cause acute
infection as also suggested by other investigators
(Legario et al. 2020). Indeed, all S. agalactiae isolates
recovered from infected fish in this study harboured
the fbsA, cfb and cspA genes with a 100% positivity
rate. These genes encode for major virulence factors
known to play significant roles in the pathogenesis of
streptococcal infection (Lin et al. 2011). We found
most of the isolates (87.5%) to be p-hemolytic. Al-
though non-haemolytic S. agalactiae strains can be
extremely virulent (Mian et al. 2009), there are cases
where B-haemolytic serotype Ia strains were associ-
ated with higher mortality rates than strains showing
no haemolysis (Sudpraseart et al. 2021). As previously
reported from Ghana (Verner-Jeffreys et al. 2018,
Ramirez-Paredes et al. 2021), S. agalactiae co-infection
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with other fish pathogens was also evident in this
study (Table S2). However, the extent to which such
polymicrobial infections may influence the patho-
genesis of S. agalactiae is unknown and therefore
worth further investigation.

Interestingly, high susceptibility to antimicrobials
was generally recorded in this study. This could be ex-
pected, given that S. agalactiae was highly prevalent
in large-scale farms where antibiotic usage was
relatively low (Fig. 4A). A recent report has shown that
drug susceptibility profiles of fish GBS isolates are in-
fluenced by their serotype (Leal et al. 2023). Serotype
Ia and Ib isolates are largely antibiotic-sensitive com-
pared to serotype III (Sapugahawatte et al. 2022, Leal
et al. 2023). S. agalactiae CN susceptibility in tilapia
has been reported with mixed results. While some re-
ported higher resistance in consistent with the present
findings (Laith et al. 2017, Alazab et al. 2022), other
studies found lower levels of resistance (Abuseliana et
al. 2010, Deng et al. 2019). These differences could
also be attributed to serotype variability or to the envi-
ronmental conditions and frequency of antimicrobial
use in different fish culture systems. Although GBS
strains may possess intrinsic resistance to aminogly-
cosides, resistance to CN can be transferred both
chromosomally and extrachromosomally due to hori-
zontal acquisition of transposons or plasmids (Sendi
etal. 2016). Thus, the presence of high-level CN resis-
tance in S. agalactiae is of great concern since it could
spread to other aquatic organisms as well as to
humans and prevent or delay effective therapy (Creti
et al. 2022). In Ghana, FLO is the only approved drug
for use in aquaculture. As indicated in this study, none
of the isolates were resistant to this antibiotic, which
has been proven to be effective and relatively safe to
use (Kosoff et al. 2009). Currently, farmers have re-
stricted access to FLO, and the drug is only prescribed
by a few certified fish health veterinarians. Neverthe-
less, the recent emergence of FLO-resistant GBS
strains in Brazilian fish farms (Leal et al. 2023) should
be a caution to guide future strategic deployment of
the antibiotic in Ghanaian aquaculture.

Itis generally recommended that susceptibility test-
ing should be performed under standard conditions
with the appropriate QC requirements (Watts et al.
2018). Yet no acceptable QC ranges have been estab-
lished for testing streptococcal fish pathogens at 28°C
(CLSI 20204,b). Given the reproducible zone diameter
readings obtained for S. pneumoniae ATCC 49619 in
this study, variations with the test performance are ex-
pected to be minimal. Thus, the data generated could
be expanded for use in future QC testing of strepto-
coccal aquatic pathogens. Nevertheless, the QC data

presented should be treated as 'local’ and only be ap-
plied to the test performed in the present study.

Overall, our data has provided evidence to show
that S. agalactiae serotype Ia might be the predomi-
nant circulating serotype in cultured tilapia in Lake
Volta, thereby expanding the global spread of this
pathogen in aquaculture. This is critical baseline
information for targeted autogenous vaccine devel-
opment and deployment plans. Moreover, appropri-
ate surveillance systems are required to identify the
transmission routes of the pathogen and to monitor
possible serotype replacement or the emergence of
new variants. This should inform effective vaccine
and therapeutic intervention strategies for strepto-
coccal disease management in Ghanaian tilapia aqua-
culture systems.
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