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Abstract 
Streptococcosis is considered one of the most important diseases affecting farmed tilapia, causing severe 
economic losses. Antimicrobial therapy is the principal control measure applied during outbreaks. This 
research assessed the efficacy of florfenicol (FFC) when fed at 15 mg kg biomass

–1
 day

–1
 for 10 days against 

Streptococcus agalactiae infection in Oreochromis niloticus in terms of survival, changes in hemato-
biochemistry, erythro-morphology, and histoarchitecture of the vital organs. Streptococcus agalactiae was 
moderately virulent to O. niloticus with a lethal dose (LD50) of 1.26×10

8
 cells fish

–1
 and sensitive to FFC with a 

minimal inhibitory concentration of 0.78 μg mL
–1

. It caused systemic infection in tilapia. FFC therapy reduced 
bacterium-induced mortality and physiological stress. The histopathological findings indicated significant 
improvement in the kidney and liver tissues of fish. The erythrocyte morphological alterations noted in the 
challenged fish were irregularly shaped, elongated, crenated, and teardrop cells, hypochromic erythrocytes, 
ragged cytoplasmic membranes, hypertrophied nuclei, eccentric nuclei, and vacuolation, all of which were 
mitigated with FFC therapy. Eventually, FFC therapy improved wound healing, normalized plasma 
biochemistry, and aided recovery from bacterial infection. This study revealed that the therapeutic dose of FFC 
was effective against S. agalactiae infection in O. niloticus and lessened the physiological stress. 
 
Keywords: antibiotic medication; blood cells; clinical biochemistry; histological aberrations; Nile tilapia; Strep-
tococcosis  
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1 | INTRODUCTION 
Aquaculture has drawn attention as a result of its rapid 
growth over other animal-producing sectors (Assefa and 
Abunna 2018). Aquaculture provides a growing share of 
the total number of fish available for human consumption 
and is expected to rise from 57% in the base period 
(2022) to 61% by 2032 (FAO 2023). The Food and Agricul-
ture Organization (FAO) has predicted that tilapia produc-
tion in India will increase by 26% between 2018 and 2030, 
which is 6.8% and 11.5% faster than the projected growth 
rates for Asia and the world, respectively (FAO 2023). The 
largest producer of tilapia is China (1,241,410 t), followed 
by Indonesia (11,72,633 t), Egypt (954,154 t), Brazil 
(343,596 t), and Thailand (205,971 t) (FAO 2022). Widely 
consumed in numerous Asian countries, tilapia serves as a 
crucial dietary protein source (Engle et al. 2023). Tilapias 
are preferred over carp because of their firm, white flesh-
es and lack of intermuscular bones and they are hardy, 
fast-growing, and able to tolerate a wide range of envi-
ronmental conditions, including the high stocking densi-
ties normally used during their culture (El-Sayed 2019). 
Diseases in aquatic organisms severely constrain the ex-
pansion and development of sustainable aquaculture. In 
tilapia farming, the majority of bacterial infections such as 
motile Aeromonas septicemia, Pseudomonas septicemia, 
hemorrhagic septicemia, streptococcosis, columnaris, 
franciselliosis, edwardsiellosis, and piscirickettsiosis are 
significant problems, accounting for 80% of fish mortality 
(El-Sayed 2019; Haenen et al. 2023). One of the most sig-
nificant diseases in tilapia culture worldwide, particularly 
in indoor systems, is caused by bacteria in the genus 
Streptococcus (Haenen et al. 2023). The first confirmed 
streptococcal infection in cultured fish was reported in 
1958 in rainbow trout Oncorhynchus mykiss cultured in 
Japan (Agnew and Barnes 2007). The two primary species 
of Streptococcus affecting tilapia are S. agalactiae and S. 
iniae. It is a multifactorial disease in fish, depending on 
host variety, age, immune status, type of pathogen, and 
environmental conditions (Haenen et al. 2023). The re-
ported cases of S. agalactiae infection, which included 
wild-type and cultured tilapia, are widespread (Amal et al. 
2013; Haenen et al. 2023). Antimicrobial drugs are often 
the main goal of farmers to control disease and stop mas-
sive economic losses (Bondad-Reantaso et al. 2012). 
When used properly, antimicrobials are among the most 
effective measures available for controlling outbreaks. 

Florfenicol (FFC) is a synthetic, broad-spectrum, 
fluorinated analog of thiamphenicol with the same mech-
anism of action as chloramphenicol and has often been 
recommended as a therapeutic agent to control several 
diseases in intensive aquaculture (USFDA 2023). It was 
among the most commonly used antibacterial drugs in 
aquaculture to treat diseases of both warm and cold-
water fish (Assane et al. 2019). Oxytetracycline (OTC), 
sulfadiazine and FFC are used in 11 of the 15 main-

producing countries (Chen et al. 2020). In O. niloticus, FFC 
exhibits fast absorption with maximum serum concentra-
tion after 12 h upon oral administration and broad distri-
bution in the host tissues. Drug metabolisation is temper-
ature-dependent, and faster in high water temperatures 
(Feng and Jia 2009). Since the use of several antibiotics 
such as chloramphenicol, furazolidone, and nitrofurans 
have been banned (Bondad-Reantaso et al. 2012), FFC has 
been promoted as an alternative drug for use in aquacul-
ture (Chen et al. 2020). Although Indian aquaculture uses 
a variety of drugs to prevent and control bacterial and 
other diseases (Patil et al. 2022), FFC application in Indian 
aquaculture is uncommon due to a lack of scientific data 
and regulation. The current study, therefore, aimed to 
determine whether the antibiotic FFC when fed orally at 
15 mg kg  biomass

–1
 day

–1
 for 10 consecutive days could 

lower the mortality in S. agalactiae-challenged O. nilot-
icus and improve the physiological status in terms of 
plasma biochemistry, hematology, erythrocyte morphol-
ogy, and histoarchitecture of the kidney and liver. 

 
2 | METHODOLOGY 

2.1 Experimental fish and bacterial strain and its patho-
genicity 
Nile tilapia Oreochromis niloticus juveniles (n = 400) in 
healthy and active conditions were obtained from a farm 
in Sonarpur, South 24 Parganas district, West Bengal, In-
dia and acclimatized for 15 days under optimal conditions 
in 500-L circular tanks containing nonchlorinated bore-
well-water and continuous aeration (Bardhan et al. 
2022a). A glycerol stock Streptococcus agalactiae LCR1 
(NCBI accession number OP752129) was obtained from 
the State Referral Laboratory for Aquatic Animal Health, 
Tamil Nadu Dr J Jayalalithaa Fisheries University, 
Madhavaram, India and revived to determine the lethal 
dose (LD50) through intramuscular (IM) challenge follow-
ing Patel et al. (2024) at an estimated dose of approxi-
mately 2.30×10

8
 – 2.30×10

5
 cells fish

–1
, in duplicate, with 

10 fish tank
–1

. The LD50 was determined from the fish 
mortality data (Reed and Muench 1938). 
 
2.2 In-vivo therapeutic effectiveness of florfenicol 
Florfenicol is an approved antibiotic for aquaculture use 
at 10–15 mg kg biomass

–1
 day

–1
 for 10 days (USFDA 2023). 

The medicated and control diets used to feed the fish at 
2% body weight (BW) were prepared following Bardhan 
et al. (2022a). Twenty-five O. niloticus (17.67 ± 1.27 g) 
juveniles were housed in nine polypropylene tanks (L58 × 
H45 × B45 cm), covered with nylon netting and condi-
tioned for 3 days. After conditioning, the fish were as-
signed to three groups, in triplicate. Group 1 was the un-
challenged and control feed-fed, i.e., saline-injected and 
considered as the negative control. Group 2 fish were 
challenged with S. agalactiae LCR1 at a concentration of 
1.32×10

7
 cells fish

–1
 and fed FFC at 15 mg kg biomass

–1
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day
–1

 for 10 consecutive days (FFC treatment) and group 
3 fish were challenged with S. agalactiae LCR1 at a con-
centration of 1.32×10

7
 cells fish

–1
 and fed control feed, 

i.e., untreated and considered the positive control. Before 
the bacterial challenge, the fish were anaesthetized with 
clove oil at 40 µL L

–1
 water. Group 1 received 0.1 mL of 

sterile saline intramuscularly. Groups 2 and 3 were given 
a sublethal dose of S. agalactiae LCR1 at 1.32×10

7
 cells 

fish
–1

 at the base of the dorsal fin intramuscularly (Sa-
challenged). The fish were returned to their respective 
tanks after the challenge. The injection was followed by 
feeding the fish with or without medication at 2% BW 
thrice daily in equal ratios. The control feed was offered 
to groups 1 (negative control) and 3 (untreated positive 
control). Group 2 was given FFC feed for 10 days at 15 mg 
kg biomass

–1
 day

–1
 (FFC treatment), then switched to a 

control diet until the study ended. After 75 min of each 
feeding, unconsumed feeds were carefully collected, air-
dried, pooled tank-wise, and weighed daily. Behavioural 
changes, mortality, feed intake, wound healing, and ex-
ternal infections were documented daily. During the ex-
perimental period, half the water was exchanged biweek-
ly to maintain the water quality parameters within opti-
mal ranges of pH (7.53 – 7.85), dissolved oxygen (5.49 – 

5.54 mg L
–1

), temperature (24.30 – 31.40C), ammonia 
(0.02 – 0.03 mg L

–1
), nitrite (0.16 – 0.21 mg L

–1
), and ni-

trate (0.27 – 0.34 mg L
–1

). 
 
2.3 Collection of blood and plasma 
Two fish from each tank were carefully moved to plastic 
buckets with the same water temperature on day 0, day 
post injection (DPI) 1, 10, 17 and 24, and anaesthetized. 
Blood was drawn through a caudal puncture using 2-mL 
sterile syringes (Roberts 2012). Blood samples were 
placed in 2 mL Eppendorf tubes, which were washed with 
5% ethylene diamine tetra acetic acid to avoid clotting. 
The blood was centrifuged at 4500 rpm for 15 min, to 
collect the plasma, which was transferred to new Eppen-

dorf tubes, and stored at –20C for analysis. 
 
2.4 Hemato-biochemistry 
The plasma biomarkers used to measure physiological 
status were glucose, alanine aminotransferase (ALT), as-
partate aminotransferase (AST), alkaline phosphatase 
(ALP), creatinine, calcium and chloride. The specific test 
kits and methods used for each biomarker were as fol-
lows: Glucose kit from Diasys Diagnostic Systems, Germa-
ny by GOD FS 10 (Schmidt et al. 1961); ALT and AST kits or 
ERBA SGPT and SGOT kits from Erba Diagnostics Ltd., 
Mannheim, Germany by IFCC and Kinetic methods (Wolf 
et al. 1972); ALP kit from Erba Diagnostics Ltd., Mann-
heim, Germany by FS test (Tietz 1994); Creatinine kit from 
Span Diagnostics Ltd., India by modified Jaffe’s Reaction, 
Initial rate assay (Junge et al. 2004). The calcium content 
was determined with a calcium test kit AS FS from Diasys 

Diagnostic Systems, Germany (Michaylova and Ilkova 
1971). The chloride content was determined using the 
chloride test kit from Coral Clinical Systems, India 
(Schoenfeld et al. 1964). All the parameters were meas-
ured via a Photometer (model: 5010 v5 +, Robert Riele 
KG, Berlin) according to the commercial kit protocol. 
 
2.5 Erythrocyte morphology 
The total erythrocyte counts (TECs) were measured in 
Hayem's solution at 1:200 and the total leukocyte counts 
(TLCs) in Turke's solution at 1:20. Both counts were per-
formed with a Neubauer hemocytometer. The thrombo-
cyte counts (TCs) were measured using Rees-Ecker dilu-
tion fluid. The cell count was performed with a 40× lens 
under an Olympus BX51 microscope. For erythrocyte 
morphology, a qualitative assessment was performed by 
using an oil immersion lens (100×) to observe blood 
smears, which were prepared by Giemsa staining 
(Bardhan et al. 2022b). Cell visualization was carried out 
using an Olympus BX51 microscope with a 16 MP SCO-
LUX camera, connected to the computer. Using previous 
descriptions, cell and nucleus shape changes were ob-
served to acquire descriptive data (Bojarski et al. 2018; 
Bardhan et al. 2022b). 
 
2.6 Histopathology 
On 0, 1, 10, 17, and 24 DPI, kidney and liver samples were 
taken from control, FFC-treated, and untreated fish, in 
triplicates. After blood collection, the fish were eu-
thanized with clove oil (100 µL L

–1
) and carefully dissect-

ed. The kidney and liver tissue samples were kept in 
Bouin's solution for 24 hours. After conventional treat-
ments, paraffin wax was applied to embed the samples. 
Sections 5 μm thick were double stained with hematoxy-
lin and eosin (Roberts 2012). ToupTek ToupView (version 
×64, 4.11) software was used to capture and process pho-
tomicrographs. The histological alterations were evaluat-
ed using a six-point ordinal scale, following the method-
ology described by Bowker et al. (2013). 
 
2.7 Discoloration, wound progression and healing 
The 30-day study involved digitally imaging wounds after 
IM injection, scoring tissue damage using a scale of 0–6 
developed and modified by Bernet et al. (1999), and cate-
gorizing wound progression, healing, and discoloration 
into mild, moderate, and severe disease based on patho-
logical importance. The intensity of damage was qualita-
tively categorized as 0: no damage/discoloration with no 
pathological importance, 0.5: very mild dam-
age/discoloration with no pathological importance, 1: 
very mild damage/ discoloration with minimal pathologi-
cal importance, 2: mild damage/discoloration with mini-
mal pathological importance, 4: moderate dam-
age/discoloration with moderate pathological im-
portance, 6: severe damage/discoloration with marked 
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pathological importance. 
 
2.8 Data analyses 
The results are expressed as means ± standard deviations. 
The mortality, biomass, feed intake, hematology, and 
plasma biochemistry data were analyzed via one-way 
ANOVA. The Tukey post-hoc test was used to confirm 
treatment and period differences by mean comparison. 
Friedman ANOVA for related samples and Mann-Whitney 
U test for independent samples were used for the analy-
sis of the qualitative scores of wound progression, heal-
ing, and discoloration. The nonparametric Kruskal-Wallis 
test with pairwise comparisons was used to examine the 
histopathological scores. All the statistical analyses were 

conducted via IBM-SPSS (version 22.0) at an  level of 
significance of 0.05. 

 
3 | RESULTS  
3.1 Efficacy of florfenicol against Streptococcus agalac-
tiae LCR1 
Streptococcus agalactiae LCR1 was moderately pathogen-
ic to O. niloticus, with an LD50 of 1.26×10

8
 cells fish

–1
. In 

the efficacy trial, mortality in the FFC-treated group was 
significantly lower (16%) than in the untreated (32%) 
group. The challenged fish were lethargic, hanging and 
lying at the bottom of the tank, whereas the control 
showed typical behaviour. Feed intake was markedly low-
er in the untreated group compared with the treated and 
control groups. Despite the initial nominal feed intake, 
the treated group became more aggressive over time and 
ultimately resulted in significantly higher biomass (p < 
0.05) than those of the control and untreated groups. 
 
3.2 Hemato-biochemistry 
The plasma glucose levels of the challenged groups in-
creased and peaked at DPI 1. A reduction in glucose was 
observed starting at DPI 17, but it did not return to nor-
mal. The levels of glucose were still high compared with 
those on day 0. The untreated group had higher glucose 
levels than the treated group on DPI 24 (Figure 1A). The 
plasma creatinine level of the treated group peaked at 
DPI 1, followed by a reduction on and after DPI 10. The 
untreated group followed the same trend. However, the 
creatinine levels of both groups did not fully recover at 
DPI 24 (Figure 1B). The plasma ALT, AST, and ALP of the 
challenged groups increased significantly at DPI 1 com-
pared to the control group. The levels of these parame-
ters were reduced in the treated and untreated groups 
but did not reach a normal state at DPI 24 (Figures 1C–E). 
The plasma calcium and chloride concentrations were 
reduced at DPI 1 in the treated and untreated groups. 
Although the levels increased with time, normalcy was 
not achieved at DPI 24 in both groups. Compared with the 
treated group, the untreated group had lower calcium 
and chloride levels. Significant differences were detected 

among the groups and the DPI (Figures 1F, 1G). The total 
erythrocyte, leukocyte, and thrombocyte counts were 
assessed, and the values were compared with those of 
the control group (Figures 2A–C). The challenged groups 
had significant reductions in TECs at DPI 1. A gradual but 
significant decrease in TECs was observed in both groups 
at DPI 10 (p < 0.05). However, after DPI 24, the number of 
TECs significantly increased (Figure 2A). The challenged 
groups showed a significant increase in TLCs and TCs from 
DPI 1 to 10 (p < 0.05). At DPI 24, TLCs (Figure 2B) and TCs 
(Figure 2C) were significantly reduced but did not reach 
normal levels.  
 
3.3 Erythrocyte morphology  
The erythrocytes of the treated and untreated groups 
displayed size and shape variations compared with those 
of the control, and the morphological changes observed 
in the DPIs are depicted in detail in Figures 3A-H. The 
erythrocytes presented the greatest degree of alterations 
in challenged O. niloticus at DPI 1. The erythrocytes of the 
treated group were irregularly shaped, elongated, crenat-
ed, teardrop shaped, and hypochromic erythrocytes, rag-
ged cytoplasmic membranes, hypertrophied nuclei, ec-
centric nuclei, and vacuolation. Over time, the number of 
morphological alterations in the treated group decreased 
after DPI 17 compared with those of the control and un-
treated groups. The treated group had almost normal 
erythrocytes at DPI 24 with mildly crenated and teardrop 
cells. The highest intensity of erythrocytic damage was 
observed in the untreated group at DPI 1 and 10. The un-
treated group showed slower recovery at DPI 17 than in 
the treated group. However, the erythrocyte aberrations 
were only mild, with the persistence of crenated, tear-
drop, and elongated cells on DPI 24. 
 
3.4 Histopathology 
Qualitative histopathological scores based on alterations 
in the kidney tissues of Sa-challenged O. niloticus with or 
without FFC treatment compared to the control (Figures 
4A–I) are presented in Table 1. A normal renal tubule 
structure with a well-organized glomerulus was observed 
in the kidney tissues of control O. niloticus (Figure 4A). 
Kidney tissues of the treated group on DPI 1 exhibited 
hemocyte infiltration, glomerulopathy, inflammation, 
nephropathy and nephrocalcinosis (Figure 4B). The inten-
sities of all the histopathological alterations were signifi-
cantly lower (p < 0.05) on and after 10 DPI in the treated 
group (Figures 4D, 4F). The recovery of the renal tissues 
at DPI 24 was noted in the treated group, although 
nephropathy indicated degeneration of the renal epithe-
lium, vacuolation within the renal tubules, a widened lu-
men and slight inflammation persisted (Figure 4H). In 
contrast, the untreated group presented significantly 
greater degrees (p < 0.05) of alterations compared with 
those in the treated group, such as nephropathy, hemo-
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cyte infiltration, glomerulopathy, inflammation and 
nephrocalcinosis occurred at DPI 1 (Figure 4C). The un-
treated group presented a slower recovery than did the 
treated group at DPI 10 (Figures 4E, 4G). A decrease in 
kidney tissue aberrations was noted on DPI 24 despite the 
minimal persistence of nephropathy and glomerulopathy 
(Figure 4I). The bacterial challenge resulted in significant 
alterations in the liver tissues of O. niloticus. The treated 
group exhibited cytoplasmic degeneration, cellular hyper-
trophy, cytoplasmic vacuolation, glycogen-type vacuola-
tion, and necrotized areas at DPI 1 (Figure 5A). All histo-
pathological changes showed a significant decrease (p < 

0.05) after DPI 17 (Figures 5D, 5F, 5H) showing gradual 
recovery of the liver tissues. However, trivial cytoplasmic 
and glycogen-type vacuolation persisted at DPI 24. In con-
trast, the untreated group presented significantly greater 
degrees (p < 0.05) of alterations. Increased glycogen-type 
vacuolation and cellular hypertrophy were observed at 
DPI 10 and DPI 17, respectively and the subsequent re-
covery was slower (Figures 5E, 5G). However, at DPI 24, a 
reduction in aberrations was documented, with mild per-
sistence of cytoplasmic degeneration and vacuolation 
(Figure 5I). 

 

 
FIGURE 1 Effect of Streptococcus agalactiae LCR1 intramuscular challenge at 1.32×10

7
 cells fish

–1
 and florfenicol-

treatment at 15 mg kg biomass
–1

 day
–1

 for 10 consecutive days on the plasma [A] glucose, [B] creatinine, [C] alanine 
transaminase, [D] aspartate transaminase, [E] alkaline phosphatase, [F] calcium, and [G] chloride levels at different time 
points in Oreochromis niloticus juveniles in comparison with those in the untreated and control groups. a–c: Bars sharing 
a common alphabet for a particular time point differed insignificantly (p > 0.05). 1–4: Bars sharing a common numeral for 
a particular treatment differed insignificantly (p > 0.05). 
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TABLE 1 Qualitative assessment of major histopathological changes in the kidney and liver tissues at different time points 
in Oreochromis niloticus juveniles intramuscularly challenged with Streptococcus agalactiae LCR1 at 1.32×10

7 
cells fish

–1
 

and fed florfenicol at 15 mg kg biomass
–1 

day
–1

 for 10 consecutive days in comparison with normal architecture. 

Histopathological  
changes 

Qualitative assessment on an ordinal scale* 

DPI 1 DPI 10 DPI 17 DPI 24 

FFC treated Untreated FFC treated Untreated FFC treated Untreated FFC treated Untreated 

Kidney         
Hemocyte infiltration 0.35±0.091a 0.72±0.082A 0.50±0.101b 0.91±0.112B 0.32±0.081a 0.65±0.082A 0.19±0.071c 0.38±0.151C 

Glomerulopathy   0.47±0.131a 0.56±0.171A 0.65±0.201b 0.73±0.121B 0.48±0.121a 0.59±0.081A 0.31±0.091a 0.38±0.081C 

Inflammation 1.11±0.121a 1.20±0.091A 1.24±0.071b 1.42±0.102B 1.01±0.111a 1.12±0.091A 0.65±0.101c 0.84±0.161C 

Nephropathy 1.11±0.101a 1.25±0.072A 1.44±0.151b 1.50±0.041B 1.25±0.111a 1.35±0.081A 0.83±0.101c 0.92±0.071C 

Nephrocalcinosis 0.29±0.121a 0.38±0.121A 0.43±0.141b 0.51±0.111B 0.24±0.071a 0.36±0.091A 0.18±0.061a 0.22±0.041C 

Liver         
Glycogen-type vacuolation 0.20±0.041a 0.25±0.061A 0.34±0.051b 0.76±0.122B 0.30±0.301a,b 0.53±0.122C 0.23±0.061a,b 0.31±0.081A 
Cytoplasmic vacuolation 0.38±0.091a 0.93±0.152A 1.04±0.071b 1.19±0.072B 0.54±0.141a 0.81±0.202A 0.24±0.041c 0.29±0.101C 
Cytoplasmic degeneration 0.33±0.081a 0.59±0.172A 0.70±0.161b 1.02±0.082B 0.54±0.541b 0.71±0.151A 0.21±0.071c 0.35±0.161C 
Cellular hypertrophy 1.22±0.081a 1.34±0.071A 1.55±0.061b 1.65±0.081B 1.04±0.081c 1.14±0.081C 0.45±0.281d 0.65±0.151D 

Necrosis 0.24±0.041a 0.29±0.041A 0.31±0.081b 0.37±0.061B 0.23±0.081a 0.27±0.081A 0.15±0.061c 0.22±0.061A 

*Qualitative assessment ordinal scale: 0 = no change; 1 = normal with <5% of tissues affected; 2 = mild with 5–15% of tissues 
affected; 3 = moderate with 15–25% of tissues affected; 4 = marked with 25–50% of tissues affected and 5 = severe with >50% 
of tissues affected. The qualitative assessment was based on six observations (mean ± standard deviation) for each organ of the 
respective group. No changes were noted in the control group. 1–2: Values sharing identical numerical superscripts for a partic-
ular row differed insignificantly among the treatment groups for a particular day (p > 0.05). a–d; A–D: values sharing identical 
alphabetical superscripts within a row differed insignificantly for a particular treatment group (p > 0.05). DPI: Day post injection. 
Glomerulopathy includes changes such as dilated Bowman’s space (DBS) and fragmented glomerulus (FG); Nephropathy in-
cludes changes such as degeneration of renal tubular epithelium (DRE), degeneration of renal tubule (DRT), vacuolation within 
the renal tubules (VRT), necrotized areas (N) and widened lumens (W). 
 

 

 
 
 
 
 
 

FIGURE 2 Effect of Streptococcus agalactiae LCR1 
intramuscular challenge at 1.32×10

7
 cells fish

–1
 and 

florfenicol-treatment at 15 mg kg biomass
–1

 day
–1

 
for 10 consecutive days on the counts of [A] total 
erythrocytes, [B] leucocytes, and [C] thrombocytes 
at different time points in Oreochromis niloticus 
juveniles in comparison with those in the untreated 
and control groups. a–c: Bars sharing a common 
alphabet for a particular time point differed insig-
nificantly (p > 0.05). 1–4: Bars sharing a common 
numeral for a particular treatment differed insignif-
icantly (p > 0.05). 
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FIGURE 3 Effect of Streptococcus 
agalactiae LCR1 intramuscular chal-
lenge at 1.32×10

7
 cells fish

–1
 and 

florfenicol-treatment at 15 mg kg 
biomass

–1
 day

–1
 for 10 consecutive 

days on the erythrocytic morpho-
logical alterations in Oreochromis 
niloticus juveniles at different time 
points in comparison with untreat-
ed and control groups. [A] Control, 
[B] day post injection (DPI) 1 treat-
ed and [C] untreated, [D] DPI 10 
treated and [E] untreated, [F] DPI 
17 treated and [G] untreated and 
[H] DPI 24 treated and [I] untreated 
groups. Cr: Crenated cell; E: Elon-
gated cell; En: Eccentric nucleus; 
Ehn: Hypertrophied nucleus; HE: 
Hypochromic erythrocyte; Is: Irregu-
larly shaped cell; Rc: Ragged cyto-
plasmic membrane; Tr: Tear-drop 
cell; V: Vacuolation; L: Lymphocyte; 
M: Monocyte; ×1000 Giemsa-
staining. 

  
  

 

FIGURE 4 Effect of Streptococcus 
agalactiae LCR1 intramuscular chal-
lenge at 1.32×10

7
 cells fish

–1
 and 

florfenicol-treatment at 15 mg kg 
biomass

–1
 day

–1
 for 10 consecutive 

days on the kidney histoarchitec-
ture of Oreochromis niloticus juve-
niles at different time points. A] 
Control, [B] Day post injection (DPI) 
1 treated and [C] untreated, [D] DPI 
10 treated and [E] untreated, [F] 
DPI 17 treated and [G] untreated, 
and [H] DPI 24 treated and [I] un-
treated. DRE: degeneration of renal 
tubular epithelium; DRT: degenera-
tion of renal tubules; I: inflamed 
renal tubules; VRT: vacuolation 
within the renal tubules; W: wid-
ened lumen; DBS: dilated Bowman’s 
space; F: fibrosis; HI: hemocyte infil-
tration; N: necrotized areas; Nc: 
nephrocalcinosis and NH: ne-
crotized hematopoietic area; ×200 
H&E staining. 
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FIGURE 5 Effect of Streptococcus 
agalactiae LCR1 intramuscular chal-
lenge at 1.32×10

7
 cells fish

–1
 and 

florfenicol-treatment at 15 mg kg 
biomass

–1
 day

–1
 for 10 consecutive 

days on the liver histoarchitecture 
of Oreochromis niloticus juveniles at 
different time points. [A] Control, 
[B] Day post-injection (DPI) 1 treat-
ed and [C] untreated, [D] DPI 10 
treated and [E] untreated, [F] DPI 
17 treated and [G] untreated, and 
[H] DPI 24 treated and [I] untreated. 
CD: cytoplasmic degeneration; CH: 
cellular hypertrophy; CV: cytoplas-
mic vacuolation; GV: glycogen-type 
vacuolation; and N: necrotized are-
as; ×200 H&E staining. 

 
3.5 Discoloration, wound progression and healing 
Wound formation commenced on and from DPI 1 for 
both groups. The open subepithelial wounds became ob-
vious after 72 hours of challenge with signs of tail rot, 
subconjunctival hemorrhage, exophthalmia, protrusion of 
scales and skin discolouration. The qualitative scores 
peaked at DPI 6 for the treated and untreated groups. 
The intensity of the wounds in the treated and untreated 
groups significantly decreased from DPI 7 to DPI 8 and DPI 
7 to DPI 12, respectively, and eventually returned to nor-
mal. Discolouration began on and from DPI 1 in chal-
lenged groups. Between DPI 6 and DPI 8, the highest lev-
els of discolouration were recorded in both groups. The 
degree of discolouration significantly decreased from DPI 
7 to DPI 12 and DPI 9 to DPI 14 before returning to nor-
mal in the treated and untreated groups, respectively. 
Within 6 days of FFC therapy, mild reddening and inflam-
mation subsided with the formation of a black scar at the 
ulcerated site. All mild wounds closed within 8 days of 
therapy, and by DPI 10, the black scar had disappeared, 
with dermal fibrous tissue regrowth and skin develop-
ment in the ulcerated scar region. The epidermis gradual-
ly thinned with the development of new scales in the un-
derlying tissues, and almost returned to normal at DPI 12. 
Between DPI 13 and DPI 30, normal skin architecture was 
restored. Wound healing was greater in the treated group 
than in the untreated group (Figure S1; Table 2). 
 
4 ǀ DISCUSSION 
The results of the pathogenicity test indicated that S. aga-

lactiae was moderately pathogenic because of its ability 
to cause septicemia and meningoencephalitis in chal-
lenged O. niloticus. The gross pathological abnormalities 
observed in diseased fish were similar to those reported 
by Adikesavalu et al. (2017), who confirmed that S. aga-
lactiae infection is characterized by septicemia and me-
ningoencephalitis. The challenged fish presented obvious 
signs of infection on the skin and eyes post-challenge. The 
FFC administration resulted in significantly lower mortali-
ties than those in the untreated group, suggesting the 
potential of FFC therapy in controlling S. agalactiae infec-
tion and consistent with the findings of a previous study 
on the effectiveness of FFC against S. iniae in M. chrysops 
× M. saxatilis (Darwish 2007). However, the mortality 
rates observed in the treated group of the present study 
were higher (16%) than those reported in the Darwish 
(2007) study (13%). Although the two studies are not di-
rectly comparable, adult and subadult fish are reportedly 
more susceptible to streptococcosis than are younger life 
stages (Agnew and Barnes 2007). Mortalities persisted 
until DPI 18 and DPI 20 in treated and untreated groups, 
respectively. These findings indicated reinfection post 
treatment. Such recurrent infection was also documented 
previously in the treatment of S. agalactiae infection with 
OTC in O. niloticus (Faria et al. 2013). Compared to a pre-
vious study (Faria et al. 2013), the present study showed 
promising results during the treatment period, indicating 
a significant reduction in mortality with FFC. 

As the fish became anorexic, their feeding activity 
gradually declined during the early stages of infection, 
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and the medicated feed initially appeared ineffective. The 
feed intake in the treated group increased significantly 
beginning at DPI 7 and then gradually returned to normal 
over time. At the end of the experiment, the feed intake 
increased to 99.80-100% in all the groups. With the lack 
of bacterial recovery and the increased efficacy, the FFC 
dose of 15 mg kg biomass

–1
 day

–1
 can, thus, be considered 

for the treatment of O. niloticus with S. agalactiae infec-
tion. The FFC-fed challenged group presented greater 
biomass, i.e., a 1.73-fold increase compared with that of 
the untreated group at DPI 24 concomitant with in-

creased feed consumption, indicating the growth-
promoting effects of FFC in O. niloticus similar to those of 
Reda et al. (2013). The scientific data concerning the in-
fluence of FFC on the growth of different fish species are 
conflicting. For example, FFC administration in hybrid 
striped bass did not alter growth (Straus et al. 2012), 
while a significant dose-dependent reduction in the fish 
biomass occurred during the antibiotic administration, 
including FFC has been reported (Limbu et al. 2018; 
Bardhan et al. 2022a, 2022b). 

 
TABLE 2 Qualitative scores of the changes in discolouration, wound progression and healing in Streptococcus agalactiae-
challenged and florfenicol (FFC)-fed Oreochromis niloticus juveniles at 15 mg kg biomass

–1
 day

–1
 for 10 consecutive days 

during the treatment regime in comparison with the negative control. 

Treatment days 
Discolouration  Wound progression and healing     

FFC treated  Untreated  FFC treated  Untreated  

Day 0 0.00
1a

 0.00
1a

 0.00
1a

 0.00
1a

 
DPI 2 0.13

1b 
0.57

2b 
1.08

1b 
1.18

1b 

DPI 4 0.83
1c 

1.37
2c 

1.17
1b 

1.64
2c 

DPI 6 1.39
1d 

1.76
2c 

1.36
1c 

2.47
2d 

DPI 8 1.11
1e 

2.04
2d

 0.73
1d 

1.63
2c 

DPI 10 0.41
1f 

1.51
2c 

0.00
1a 

1.00
2b 

DPI 12 0.17
1b 

0.80
2e 

0.00
1a 

0.50
2e 

DPI 14 0.00
1a 

0.21
2f 

0.00
1a 

0.00
1a 

DPI 16-30 0.00
1a

 0.00
1a

 0.00
1a 

0.00
1a 

DPI: Day post injection; Control:  Unchallenged and fed control feed (negative control). Florfenicol (FFC) treatment: Fish 
were challenged with S. agalactiae LCR1 at a concentration of 1.32×10

7 
cells fish

–1
 and fed FFC at 15 mg kg biomass

–1
  

day
–1

 for 10 consecutive days. Untreated: Fish were challenged with S. agalactiae LCR1 at a concentration of 1.32×10
7 

cells fish
–1

 and fed control feed (positive control). DPIs 1–10: FFC treatment period. a–f: Values sharing identical alphabet-
ical superscripts within a specific column differed insignificantly (p > 0.01). 1–2: Values sharing identical numerical super-
scripts within a row differed insignificantly for a specific parameter (p > 0.01). The even sampling days data only were 
furnished in the table. 
 
 

The bacterial challenge caused stress, as indicated 
by the increase in secondary stress response indicator, 
i,e., glucose levels. The degree of glucose increments at 
DPI 1 and DPI 10 in the treated group was 1.09- and 1.28-
fold greater, respectively. Similarly, elevated glucose in 
Sa-challenged Oreochromis spp. was reported previously 
(Alsaid et al. 2014; Wardani et al. 2021). The untreated 
group recorded higher glucose levels than the FFC-treated 
group, which provided conclusive indications of impaired 
hepatic glucose metabolism caused by a pathogenic bac-
terial infection. The glucose had decreased significantly at 
DPI 24 but was significantly greater than the initial levels 
recorded on day 0. The concentrations of inorganic ions in 
plasma play a role as physiological variables for the 
maintenance of total osmolarity and ionic balance 
(Bardhan et al. 2022a). Within 24 h of the challenge, both 
groups presented significant reductions in calcium and 
chloride contents corroborating the findings noted in S. 
iniae-infected O. niloticus (Bowser et al. 1998; Chen et al. 
2004) and Streptococcus spp. infected salmonids (Barham 

et al. 1980; Bowser 1993). Although increments in calci-
um and chloride levels were observed in both groups, at 
DPI 24, their levels in the treated group reached near 
normal. In the untreated group, the recovery of these 
ions was low at DPI 24, indicating the persistence of S. 
agalactiae-induced stress. 

The plasma creatinine level increased significantly at 
DPI 1 in the challenged groups, which indicated kidney 
impairment and was in agreement with Oda et al. (2016), 
who reported a high creatinine in S. iniae-infected O. ni-
loticus. However, at DPI 10, the treated group presented 
lower creatinine compared with the untreated group, 
indicating the efficacy of FFC in protecting the kidney 
from the destructive effects of S. agalactiae infection. The 
creatinine level in the treated group was reduced by al-
most one-fold at DPI 10 and 0.8-fold at DPI 24, indicating 
the anti-S. agalactiae activity of FFC in O. niloticus. Simi-
larly, a significant decrease in creatinine in S. iniae-
infected O. niloticus upon FFC therapy has been docu-
mented (Aboyadak et al. 2016). Within 24 h of the chal-
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lenge, a significant increase in plasma ALT and AST was 
observed in both groups compared with the unchallenged 
control group, thus supporting earlier studies on S. iniae-
infected O. niloticus (Aboyadak et al. 2016; Oda et al. 
2016), and S. agalactiae-infected Oreochromis spp. 
(Abuseliana et al. 2010; Alsaid et al. 2014). The treated 
group showed a significant decrease in ALT and AST after 
DPI 10, indicating the positive influence of the FFC on 
enhancing functions and protecting liver cells. The treated 
group demonstrated approximately 1.14- and 1.13-fold 
reduction in ALT and AST, respectively compared with 
those in the untreated group at DPI 10, possibly attribut-
ed to the protective effect of FFC, its bactericidal and cer-
tain hepatoprotective properties. This enabled the fish to 
recover from hepatic damage and prevent infection. Alt-
hough the ALP levels increased, there was a significant 
difference between the treated and untreated groups at 
DPI 1, indicating the positive effects of FFC medication on 
the inflammatory response of fish. A comparable result by 
Chen et al. (2011) reported a significant increase in ALP at 
12 h post infection with S. iniae. The treated group 
demonstrated an approximately 1.02-fold reduction in 
ALP compared with that of the untreated group at DPI 10. 
The results indicated the positive effects of FFC in alleviat-
ing Sa-challenge in the liver and boosting the adaptive 
responses of fish to bacterial infection. The findings on 
significantly higher levels of ALP at DPI 24 compared with 
those on day 0 indicated persistent liver inflammation in 
both groups. However, the decrease in ALP activity upon 
cessation of FFC treatment was significant and prominent. 

The impact of the Sa-challenge was evident in vari-
ous hematological parameters of O. niloticus. The TECs in 
the challenged groups were significantly reduced at DPI 1, 
indicating the immediate impact of the bacterial chal-
lenge on fish. Similarly, a substantial decrease in the TECs 
of O. niloticus upon S. iniae challenge (Martins et al. 2011) 
and O. mykiss during Aeromonas and Streptococcus coin-
fection (Barham et al. 1980), and Oreochromis sp. fed 
essential oils of Mentha piperita (Vo et al. 2022) and 
lemongrass essential oils of Cymbopogon citratus after 
Sa-challenge (Thuong et al. 2022) have been documented. 
Additionally, a gradual yet significant decline in TECs was 
observed in both groups at DPI 10. Over time, a substan-
tial increase in TECs was noted in both groups, indicating 
the recovery of the fish. However, normalcy was not not-
ed on DPI 24, suggesting prolonged stress caused by bac-
terial infection. The TLCs play a vital role in the immune 
response of fish, particularly for inflammation. A consid-
erable increase in TLCs was observed in the challenged 
groups at DPI 1, possibly the result of stimulation caused 
by the entry of pathogens. The results corroborated the 
increase in TLCs following S. agalactiae infection in Oreo-
chromis spp. (Alsaid et al. 2014; Vo et al. 2022). There was 
an increase in TLCs at DPI 10, which then decreased at DPI 
24. These results demonstrated that fish stressed by the 

bacterial infection have their nonspecific immune system 
activated, similar to the earlier studies by Martins et al. 
(2009). Significant increases in TCs were observed on DPI 
1 for the treated and untreated groups, similar to the 
results of Vo et al. (2022) in Oreochromis sp. after S. aga-
lactiae infection. Subsequently, at DPI 10, the treated 
group experienced a decrease in TCs, indicating that FFC 
played a role in reducing hemolysis caused by the bacte-
rial destruction of TECs and its capacity to stimulate the 
immune system. On and from DPI 17, both groups experi-
enced a significant decrease in TCs, indicating fish recov-
ery, but the levels did not return to normalcy. The results 
of fast wound healing in treated fish highlighted the im-
portance of high-value thrombocytes overpowering Sa-
challenge and mitigating infection. 

Fish erythrocytes are believed to play an important 
role in immune system participation (Thuong et al. 2022). 
The observed alterations in erythrocyte morphology indi-
cated stress responses of the fish to Sa-challenge as well 
as FFC therapy. Compared with the control group, the 
erythrocytes of the treated group at DPI 1 recorded elon-
gated, and crenated cells and hypertrophied nuclei. These 
changes were comparable to those reported by Vo et al. 
(2022) for Oreochromis sp. against S. agalactiae infection. 
At DPI 10, the treated group exhibited similar changes as 
was observed at DPI 1 which persisted until DPI 17. These 
alterations were reduced after DPI 17 in the treated 
group. In contrast, the untreated group presented the 
greatest degree of erythrocytic damage, such as irregular-
ly shaped, elongated, teardrop-shaped, and crenated cells 
at DPI 1. The decrease in TECs is an indication of an in-
crease in immature erythrocytes in circulation due to the 
stress response of O. niloticus against the Sa-challenge in 
the untreated group. Similarly, the number of immature 
erythrocytes increased and gradually replaced erythro-
cytes because of the influence of bacteria (Clauss et al. 
2008). The erythrocyte aberrations were only mild, with 
the persistence of crenated, teardrop, and elongated cells 
at DPI 24. The increase or decrease in hematological pa-
rameters is often uneven, which helps the fish body find 
ways to cope with and adapt to environmental conditions 
(Esmaeili et al. 2021). They can inhibit bacterial action in 
the body to reduce the hemolysis of erythrocytes, as was 
observed in the challenge experiment with S. agalactiae. 
During and after infection, FFC at 15 mg kg biomass

–1
  

day
–1

 helped stimulate the improvement of erythrocytes 
and their anomalies. 

The pathological changes observed in the kidneys of 
untreated O. niloticus suggested nephropathy with severe 
tissue-level alterations. Several earlier reports revealed 
that S. agalactiae caused systemic infection in tilapia 
(Amal and Zamri-Saad 2011; Adikesavalu et al. 2017; 
Mishra et al. 2018). Histopathological lesions observed on 
DPI 1 in the kidney tissues of Sa-challenged fish corrobo-
rated previously documented kidney alterations in S. aga-
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lactiae-infected O. niloticus (Adikesavalu et al. 2017), O. 
mossambicus (Abraham et al. 2019), and Oreochromis 
spp. (Alsaid et al. 2013). At DPI 10, the challenged groups 
presented a significant increase in the intensity of histo-
pathological alterations, possibly due to bacterial inva-
sion, release of exotoxins and renal dysfunction. Similar 
outcomes were documented in Sciaenops ocellatus 
against S. iniae (Eldar et al. 1999). During the 10 days of 
FFC treatment, the kidney tissue-level anomalies in the 
Sa-challenged O. niloticus resulted in improved and en-
hanced architecture and organization of nephritic tubules 
compared with the untreated group. These findings indi-
cated that FFC therapy can result in enhanced functionali-
ty of kidneys carrying infectious agents. The results sup-
ported the observations of Sherif et al. (2022), who rec-
orded almost similar creatinine levels, and the histo-
pathological alterations of kidney tissues of Sa-infected 
and FFC-treated groups. At DPI 24, the maximum recov-
ery of renal tissues was noted in the treated group com-
pared with the untreated group, which exhibited a signifi-
cant decrease in plasma creatinine, supporting the bene-
ficial impact of FFC therapy. The liver is seldom used in 
pathological studies of S. agalactiae infection in tilapia, 
even though the bacteria could induce significant patho-
logical damage (Isiaku et al. 2017). Hepatic tissues of the 
Sa-challenged groups at DPI 1 along with the damaged 
liver cells and the release of large quantities of enzymes 
such as ALT and AST into the blood, indicated liver dam-
age similar to that caused by S. iniae infection (Chen et al. 
2004), and S. agalactiae infection (Abuseliana et al. 2010; 
Alsaid et al. 2013) in Oreochromis spp. The abnormal 
changes in the treated group gradually decreased after 17 
DPI but were faster than those in the untreated group. 
These results indicated that the treated fish were able to 
mount adaptive responses to overcome the hepatopathic 
effect of S. agalactiae and protect the liver tissues. These 
histopathological findings suggested marked improve-
ments in the liver tissues of S. agalactiae-infected and 
FFC-treated O. niloticus. The accumulation of FFC residues 
in fish tissues (Bardhan et al. 2022a) might have reduced 
the potency and virulence of S. agalactiae. Similarly, the 
treatment with FFC and Spirulina platensis significantly 
impacted the liver and renal tissues, as the values of liver 
enzymes and creatinine demonstrated tissue deteriora-
tion as a result of oxidative stress (Abu-Zahra et al. 2024). 

The present study further assessed the rates of 
wound progression and healing in Sa-challenged and FFC-
treated O. niloticus. Minor tissue damage and subepithe-
lial wounds were obvious after 72 hours of challenge. 
Tissue reddening, inflammation and formation of a mem-
brane over the wound at DPI 7 indicated the initial pro-
tective reactions of the fish to ward off the bacterial chal-
lenge in the treated group. Afterwards, there was a nota-
ble decrease in wound progression in the treated (DPIs 7 
– 8) and untreated (DPIs 7 – 12) groups. Subsequently, 

the damage was reverted to normal. Compared with the 
untreated group, the wounds of FFC-fed groups healed 
faster. The melanin within the dermis of O. niloticus indi-
cated mature healing of the ulcer at the site of injection. 
The areas surrounding the wounds became very dark at 9 
DPI in the treated group possibly because of the in-
creased number of melanocytes, suggesting increased 
melanocyte activity after injury. The disappearance of the 
black scar, the onset of dermal fibrous tissue regrowth 
and the development of skin at the ulcerated scar region 
were observed at DPI 10, indicating regeneration of the 
muscle tissue in the treated group, thus, supporting the 
observations of Agius and Robert (2003). The repair of 
dermal and muscle structures took a much shorter time 
than the repair of the epidermis because no deeper 
wounds were observed. The epidermis gradually thinned 
with the development of new scales at the site of injec-
tion during the recovery period (DPI 12), which was an 
indication of faster tissue regrowth than that in the un-
treated group. Similarly, Bereiter-Hahn and Zylberberg 
(1993) and Ohira et al. (2007) observed complete re-
growth of tissue and new scales within a few weeks of 
time-course changes in calcium and phosphorus during 
the scale regeneration. The restoration of normal skin 
architecture was achieved after DPI 13 in both groups. 
The results confirmed that the degree of wound healing 
promoted by FFC therapy was more prominent during the 
treatment period. 
 
5 | CONCLUSIONS 
Streptococcus agalactiae infection has a major impact on 
aquaculture, and its control measures involve the use of 
antibiotics. FFC is an approved drug of choice for treating 
Streptococcus in fish. The present study demonstrated 
the potential and effectiveness of FFC therapy against S. 
agalactiae infection in O. niloticus. FFC treatment at 15 
mg kg biomass

–1
 day

–1
 for 10 successive days by the oral 

route improved the survival, plasma biochemistry, hema-
tology, erythro-morphology, and histoarchitecture of the 
vital organs, indicating the positive impact of FFC on en-
hancing the functions and physiological status of the in-
fected fish. The observations on the efficient therapy 
against S. agalactiae infection suggested that FFC can be 
safely recommended for commercial use in O. niloticus 
farming and other aquaculture activities. However, vac-
cines, natural and eco-friendly products, and im-
munostimulants as probable adjuvants to FFC in O. nilot-
icus diets may help increase disease resistance and re-
duce antibiotic usage in aquaculture and the spread of 
antibiotic resistance. Nevertheless, the results of the pre-
sent study provided valuable scientific data on the effica-
cy of FFC against S. agalactiae infection to tropical aqua-
culturists, policymakers, and regulatory authorities. The 
reported findings on the morphological alterations in the 
erythrocytes of O. niloticus in response to the Sa-
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challenge marked a stepping stone for subsequent anal-
yses in future research. 
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