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ABSTRACT

Streptococcosis is one of the most important bacterial diseases of tilapia. The present study as-
sessed the histopathological changes induced by Strepfococcus agalactiae challenge in the brain,
kidney, spleen, and liver of Oreochromis mossambicus. When challenged intraperitoneally at 107-
108 cells/fish, S. agalactiae strains (TKT; and TBT>) caused 40-100% mortalities in O. mossambi-
cus. The LDsy values of S. agalactiae TKT; and TBT; strains were 1.60x107 and 7.33x107
cells/fish, respectively. Histological sections of the challenged O. mossambicus brain exhibited
meningoencephalitis, marginated haemocytes, extensive haemorrhages, oedema and neurons with
marginated nuclei. The kidney of challenged tilapia showed glomerulopathy, dilation of Bow-
man’s capsule, nephritis, haematopoietic tissue necrosis, melanization and granulomatous-like le-
sions. The spleen was characterized by extensive melanomacrophage aggregation, necrosis and
vasodilation. The liver had dilated and ruptured blood capillary, melanization and disintegrated
tissue. The intrahepatic exocrine pancreatic tissue was disintegrated. Our results demonstrated that
S. agalactiae caused a systemic infection and meningoencephalitis in the Mozambique tilapia ju-
veniles.

Keywords: Oreochromis mossambicus, Streptococcus agalactiae, Meningoencephalitis,
Pathogenicity, Granulomatous-like lesions
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Introduction

The Mozambique tilapia, Oreochromis mossambicus (Peters
1852) is endemic from the lakes and rivers of the East Coast
of Africa (Trewavas, 1983). Tilapias have been purposely
dispersed globally as baitfish, aquarium fish, food fish, and
biological control agents. The culture of tilapias was also pro-
moted to aid poor and rural families in developing tropical
nations (Boyd, 2004). Tilapias are farmed commercially in
over 140 countries with global culture production of about
6.5 million metric tonnes in 2017 and are second in sales and
volume in international trade after salmonids and the second
most farmed fish after carps globally. China is the largest pro-
ducer of tilapia. The other major tilapia producers are Indo-
nesia, Egypt, Thailand, Bangladesh, Brazil, and the Philip-
pines (FAQO, 2018). Oreochromis mossambicus is the second
most important farmed tilapia species in the world, after the
Nile tilapia, O. niloticus (El-Sayed, 2006). It was first intro-
duced to India from Sri Lanka to boost fish production par-
ticularly in several reservoirs of India in 1952 (Sugunan,
1995). Now it forms a part of fish fauna in almost all the nat-
ural aquatic ecosystems of the Indian Territory. Tilapias are
considered to be resistant to bacterial, parasitic, fungal, and
viral diseases compared to other species of cultured fish
(Galhardo, 2010). In recent times, tilapias in aquaculture con-
ditions were reportedly susceptible to several bacterial and
viral diseases (Eyngor et al., 2014; Zamri-Saad et al., 2014;
FAO., 2017; Behera et al., 2018; Mishra et al., 2018). The
common tilapia pathogens include Streptococcus spp., Fla-
vobacterium columnare, Aeromonas hydrophila, Edwardsi-
ella tarda, Ichthyophitirius multifiliis, Trichodina sp., and
Gyrodactylus niloticus (El-Sayed, 2006; Klesius et al., 2008).
Streptococcosis is one of the most significant diseases of ti-
lapia and contributed to severe economic losses worldwide.
An annual global loss of about US$ 250 million has been at-
tributed to streptococcosis (Amal and Zamri-Saad, 2011).
Streptococcus iniae, S. agalactiae and other species of strep-
tococci are the major bacterial species that affect the global
tilapia production. Most outbreaks of streptococcosis in ti-
lapia are caused by S. agalactiae that are influenced by the
high water temperatures above 31°C (Evans et al., 2006;
Amal and Zamri-Saad, 2011; Iregui et al., 2014). There are
several reports and reviews of diseases of aquacultured tilap-
ias (El-Sayed, 2006; Amal and Zamri-Saad, 2011; Iregui et
al., 2014; Zamri-Saad et al., 2014; Mishra et al., 2018) and all
pointed at streptococcosis as the major problem. Prevalence
of streptococcal infection with meningoencephalitis in tilapia
is rare in India until the observations in Nile tilapia, O. nilot-
icus during the summer season (Adikesavalu et al., 2017). As
tilapia aquaculture continues to expand as a means of food
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production in India, it becomes crucial to ensure that fish re-
sources are protected from the adverse effects of diseases. An
assessment of the severity of the disease in closely related
species will provide a better understanding of mitigating the
impacts of streptococcosis. This communication reports the
pathogenicity and pathology of S. agalactiae in challenged O.
mossambicus juveniles.

Material and Methods

Bacterial Strains and Experimental Fish

The non-haemolytic Streptococcus agalactiae strains (TKT;:
NCBI accession number KP898209.1 and TBT,: NCBI ac-
cession number KP898207.1) used in this study were from
the collections of the Department of Aquatic Animal Health,
West Bengal University of Animal and Fishery Sciences,
Kolkata, India. The experimental fish O. mossambicus (Pe-
ters 1852) juveniles (10.09 £1.06 cm; 23.58 +4.96 g) were
procured from Naihati, West Bengal, India and brought to the
laboratory in oxygen-filled polythene bags. On reaching the
laboratory, they were disinfected by placing in 5 ppm potas-
sium permanganate solution for 10 min. The weakfish were
removed immediately. The healthy ones were stocked at the
rate of 100 fish/tank of 500 L capacity and acclimatized for
15 days with continuous aeration. The fish were fed a bal-
anced dry pellet feed (CP Pvt. Ltd., India) twice daily at 3%
body weight (BW).

Pathogenicity of Streptococcus agalactiae Strains TKT; and
TBT;

Streptococcus agalactiae strains preserved as glycerol stock
were revived in brain heart infusion broth (BHIB) at 30 + 1°C
for 24 h and maintained on BHI agar. One colony each was
aseptically picked, transferred to 10 mL of BHIB separately
and incubated at 30 & 1°C for 24 h. The preparation of bacte-
rial cell suspensions and the determination of numbers of
cells in the saline suspensions are as described in Adikesavalu
et al. (2015). The pathogenicity of S. agalactiae strains on O.
mossambicus juveniles was tested by intraperitoneal injection
in duplicate. Twenty thoroughly cleaned glass aquaria (60 x
45 x 30 cm) were filled with clean bore-well water to a vol-
ume of 30 L each and conditioned for three days. The healthy
tilapia were stocked at the rate of 10 fish/aquaria and accli-
matized for 3 days with continuous aeration. All fish were fed
a balanced dry pellet feed twice daily at 3% BW and main-
tained under optimal condition. The wastes and faecal matter
were syphoned out and 50% water exchange was done on al-
ternate days. Before the challenge, the acclimatized fish were
checked visually for the gross and external signs of diseases
including the parasites on the body and gills. The bacterial
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infection in the tilapia kidney (n=2), if any, was tested on
BHIA (Adikesavalu et al., 2017). The absence of gross and
external signs of diseases and the bacterial growth on BHIA
confirmed that the stocks were healthy and devoid of obvious
diseases.

Twenty glass aquaria containing O. mossambicus were then
divided into 10 groups. Oreochromis mossambicus from
groups 1-4 received intraperitoneal injections containing 0.1
mL of S. agalactiae strain TKT; at a dosage of >1.00x108,
1.00x107, 1.00x10° and 1.00x10° cells/fish, respectively.
Similarly, the tilapia of groups 5-8 received intraperitoneal
injections containing 0.1 mL of S. agalactiae strain TBT; at
similar doses as above. The fish of group 9 were injected with
0.1 mL of sterile physiological saline. Group 10 received no
injection and served as negative control. The challenged and
control groups were maintained in the respective aquaria for
28 days. The external signs of infection, behavioural abnor-
malities and mortality were recorded daily. The bacterium S.
agalactiae was reisolated from freshly dead fish on BHIA
and confirmed phenotypically. The lethal dose at which 50%
of the experimental populations die (LDso) was calculated as
per Reed and Muench (1938).

Histopathology

The organs such as brain, kidney, liver, and spleen of the
challenged O. mossambicus were fixed in Bouin's solution for
24 h. The fixed organs were processed by standard techniques
and embedded in paraffin wax. Thin (5 pm) sections were
prepared and stained with haematoxylin and eosin for the de-
tection of histopathological changes (Roberts, 2012).

Results and Discussion

Streptococcus agalactiae has been isolated from numerous
fish species in natural outbreaks of disease and is pathogenic
to several fish species in experimental trials using different
routes of infection such as cohabitation, immersion, intraper-
itoneal and intramuscular injections (Evans et al., 2002). A
perusal of literature revealed O. mossambicus is an invasive
species and relatively resistant to diseases; while its hybrid
red tilapia (Oreochromis mossambicus x Oreochromis nilot-
icus) and O. niloticus are highly sensitive to streptococcal in-
fection (Hernandez et al., 2009; Amal and Zamri-Saad,
2011). In challenged O. mossambicus of this study, gross and
clinical signs started to appear within 24 h of injection and
these include lethargy, poor escape response, erratic move-
ment, excess mucous secretion on the gills, petechial haem-
orrhages on the inner and outer opercula, and focal cutaneous
haemorrhages on the belly, lower jaw and at the base of the
paired fins. The main internal signs were abdominal ascites,
haemorrhages in the kidney, discolouration of internal organs
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and hyperemia of meninges. Before dying, some fish showed
spinning and erratic patterns of swimming. These gross and
clinical signs corroborate the observations of earlier studies
(El-Sayed, 2006; Iregui et al., 2014; Zamri-Saad et al., 2014).
In an earlier study, Tung (1985) reported natural streptococ-
cal infection in cultured O. mossambicus, but not explicitly
due to S. agalactiae infection. Hernandez et al. (2009)
demonstrated the infection and disease by S. agalactiae in
cultivated red tilapia, but not in eighteen wild fish species in-
habiting the same aquatic environment that also included O.
mossambicus. The intraperitoneal challenge with S. agalac-
tiae TKT; and TBT; at 10® cells/fish caused 100% and 90%
mortalities within 72 hours of challenge, respectively. While
at a challenge dose of 107 cells/fish, these strains caused 70%
and 40% mortalities in 7 days, respectively. No or negligible
mortalities were noted at the lower challenge doses. The LDsg
values of TKT; and TBT, strains were 1.60x10" and 7.33x10’
cells/fish, respectively. Oreochromis mossambicus is not
prone to diseases, having high resistance to most viral, bacte-
rial and parasitic infections (Hernandez et al., 2009;
Galhardo, 2010). In few studies, O. mossambicus have been
used as experimental models to initiate streptococcosis
(Ndong et al., 2007; Yilmaz et al., 2013; Giiltepe et al., 2014)
as was in this study. The intraperitoneal challenge experi-
ments and the LDsy results of 1.60x10" and 7.33x10’
cells/fish, respectively for S. agalactiae TKT, and TBT:
strains suggested the moderately virulent potential of these
strains in O. mossambicus. In contrast, Mukhi (1999) ob-
served 100% mortality in O. mossambicus within 48 h of in-
traperitoneal injection with Streptococcus spp. at 107-10°
cells/mL levels. On the other hand, the LDsy values of
5.30x10° - 6.80x10° cells/fish (Wang et al., 2013) and
5.27x10 cells/fish (Li et al., 2014) for S. agalactiae strains in
O. niloticus have been documented. Though the S. agalactiae
strains of the present study were only moderately virulent,
they can be considered as true pathogens by their ability to
cause meningoencephalitis in challenged O. mossambicus.
Notably, S. agalactiae has not been isolated earlier in O. mos-
sambicus and other wild species inhabiting the same aquatic
environment that cohabit diseased red tilapia (Hernandez et
al., 2009). But in challenge experiments with O. mossambi-
cus, a closely related species S. iniae was able to elicit mor-
talities (Ndong et al., 2007; Yilmaz et al., 2013; Giiltepe et
al., 2014). The observed high LDs values suggested that the
solitary presence of S. agalactiae in the aquatic environment
is not enough to induce the disease. The concomitant factors
or risk factors, viz., high temperatures (>31°C) or strong tem-
perature fluctuations, poor water quality, crowding, etc may
severely affect the physiology of tilapia and increase their
susceptibility to the agent, which predispose S. agalactiae
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outbreaks in tilapia (Evans et al., 2006; Amal and Zamri-
Saad, 2011; Iregui et al., 2014).

Several earlier reports revealed that S. agalactiae caused sys-
temic infection in tilapia (Al-Harbi, 1996; Amal and Zamri-
Saad, 2011; Zamri-Saad et al., 2010; 2014; Iregui et al., 2016;
Mishra et al., 2018). The common histopathological lesions
of S. agalactiae infection consisted of focal to multifocal,
mild to severe granulomatous inflammation and multifocal,
acute, necrotic inflammatory lesions. Also, S. agalactiae has
a predilection for the brain as it is the primary organ for in-
fection (Hernandez et al., 2009; Iregui et al., 2014; Iregui et
al., 2016). The histological sections of experimentally in-

1c
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fected O. mossambicus brain revealed extensive haemor-
rhages, lymphocyte infiltration in the meninges, increase in
intercellular space possibly due to oedema, neurons with mar-
ginated nuclei and marginated haemocytes (Figure 1a-d), all
of which are indicators of S. agalactiae infection (Zamri-
Saad et al., 2010; Alsaid et al., 2013; Adikesavalu et al.,
2017). The observations on the extensive haemorrhages and
haemocyte infiltration in the meninges suggested meningoen-
cephalitis. Conspicuously, S. agalactiae strains, isolated from
O. niloticus with severe meningoencephalitis (Adikesavalu et
al., 2017), were able to elicit similar disease manifestations
in a relatively hardy species like O. mossambicus.

] 4'.‘ i Fah

Histopathological changes in the brain tissues of Oreochromis mossambicus intraperitoneally infected with Strepto-
coccus agalactiae showing (a) extensive haemorrhages (H) and oedema (O), X100; (b) extensive increase in inter-
cellular space indicating oedema (O), X200; (c¢) macrophage and lymphocyte infiltration in meninges indicating
meningoencephalitis (ME), X200 and (d) neurons with marginated nucleus (MN), marginated haemocytes (MH)
and oedema (O), X400 H & E
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Figure 2. Histopathological changes in the kidney tissues of Oreochromis mossambicus intraperitoneally infected with Strep-
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tococcus agalactiae showing (a) necrosis (N), constricted tubular lumen (TC), glomerulopathy (GP) with dilated
Bowman’s capsule (DB), X100; (b) glomerulopathy (GP), necrotised area (N), inflamed nephritic tubule (I) with
degraded epithelium layer (DE), X200; (c) highly necrotised haematopoietic tissue (N), constricted tubular lumen
(TC) with degraded tubule epithelium (DE), melanin reaction (MR) and vacuolation (V), X200; and (d) melanin
reaction (MR), necrotised tubular lumen (NT) and granulomatous-like lesion (G), X200 H & E

The histological sections of the kidney, spleen and liver of O.
mossambicus also demonstrated a variety of pathological al-
terations. The kidney tissues of O. mossambicus exhibited ne-
crosis, necrotised and constricted tubular lumen, glomeru-
lopathy with dilated Bowman’s capsule, inflamed nephritic
tubule, degraded epithelial layer, highly necrotised haemato-
poietic tissue, melanin reaction, vacuolation and granuloma-
tous-like lesion (Figure 2a-d). The spleen tissues showed ba-
sophilic bodies, depletion of splenocytes and liquefactive ne-
crosis foci, extensive melanomacrophage aggregation (Fig-

ure 3a-b). Alterations such as dilated and ruptured blood ca-
pillary, disintegration of the liver as well as intrahepatic exo-
crine pancreatic tissues and melanin reaction were noted in
the liver (Figure 4a-b). The observations on the presence of
granulomatous-like lesions as a primary inflammatory re-
sponse in the kidney corroborate the earlier reports (Pulido et
al., 2004, Li et al., 2014; Adikesavalu et al., 2017). The for-
mation of melanomacrophage aggregation was, rather, exten-
sive in the spleen compared to the kidney and liver. These
observations suggested that intense immune responses
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against the invading S. agalactiae occurred in this major lym-
phoid organ of tilapia. Our challenge results thus, suggested
that S. agalactiae can cause similar pathology in O. mos-
sambicus as has been observed in S. agalactiae infected O.
niloticus (Liet al., 2014; Adikesavalu et al., 2017), red tilapia,
Oreochromis spp. (Zamri-Saad et al., 2010) and red hybrid
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tilapia, Oreochromis sp. (Alsaid et al., 2013). Further, S. aga-
lactiae isolated from diseased O. niloticus could be experi-
mentally transmitted to O. mossambicus, thereby suggesting
a possibility of horizontal transmission (e.g. fish to fish)
among cultured species in the same ecosystem as was demon-
strated earlier in cultured marine fish from the wild popula-
tion (Zlotkin et al., 1998).

}- : o

ad

b 1 4
Figure 3. Histopathological changes in the spleen tissues of Oreochromis mossambicus intraperitoneally infected with Strep-
tococcus agalactiae showing (a) basophilic bodies (B), melanomacrophage aggregation (MMA), depletion of sple-
nocytes and liquefactive necrosis foci (LN) X200 and (b) melanomacrophage aggregation (MMA), X200 H & E

; 4b. -7 Al ALY

Figure 4. Histopathological changes in the liver tissues of Oreochromis mossambicus intraperitoneally infected with Strepro-
coccus agalactiae showing (a) melanin reaction (MR), dilated and ruptured blood capillary (DRC), X200 and (b)
disintegration of intrahepatic exocrine pancreatic tissue (IEP), X200 H & E
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Conclusion

It is well established that S. agalactiae has low-host specific-
ity. The sign of meningoencephalitis in S. agalactiae chal-
lenged O. mossambicus suggested that cross-infection may
occur between the wild and cultured fish, which share the
same environment. Nevertheless, the possible transmission
by horizontal route in Nile tilapia is of only limited signifi-
cance in well-managed culture systems.
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