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Abstract
After injection challenge with Streptococcus agalactiae, a male Nile tilapia, Oreochromis niloticus,
exhibited an erratic corkscrew swimming pattern and assumed a behavioral “C”-shaped body
posture. The fish did not die after challenge but developed a grossly-observable “hunchback” at
the level of the cervical spine. Radiographs revealed multiple spinal curvatures along the length
of the spinal column with vertebral lordosis and kyphosis. The male fish also developed a cranial
cavitation on the dorsal aspect of the head, forming a depression between the eyes. The fish
subsequently mated and helped produce fry that initially appeared normal. The fry population
soon experienced high mortalities, and moribund fish exhibited reddened gills, presumptively
over-inflated bladders, and spun on their longitudinal axis, often with their head pointed down
(tail-up swimming). Surviving fry had deformed gill opercula, cranial cavitation, and/or stunted
or absent fins, but did not show vertebral deformities. Gram-positive bacteria identified as S.
agalactiae were isolated from the fry but not from the male broodfish. However, subclinical
streptococcal infections sometimes may not be confirmed by standard microbiological techniques,
and the male fish most likely transmitted S. agalactiae through water-borne horizontal or
fertilization-associated vertical transmission.  Streptococcus agalactiae appears to be a direct (i.e.
bacterial disease pathogenesis) or indirect (i.e. intestinal nutrient malabsorption) causative factor
of these skeletal anomalies among the male broodfish and the fry. This is the first case report
description of skeletal abnormalities, such as scoliosis, kyphosis, cranial cavitation, deformed
gill opercula, and stunted or absent fins, in S. agalactiae-infected fish.

* Corresponding author’s E-mail: dpasnik@msa-stoneville.ars.usda.gov

Introduction
Skeletal abnormalities in fish have several
etiologies, including nutritional deficiencies,
parasitic diseases, genetic factors, physical
and chemical environmental disturbances,
toxicoses, and even bacterial diseases (Noga,
1993; Brown & Nunez, 1998; Vagsholm &
Djupvik, 1998; Pasnik et al., 2003; Aubin et

al., 2005). Other authors have described
vertebral deformities among Streptococcus
iniae-infected fish (Kaige et al., 1984; Sako,
1998), but this is the first case report
description of skeletal abnormalities, such as
scoliosis, kyphosis, cranial cavitation,
deformed gill opercula, and stunted or absent
fins, in S. agalactiae-infected fish. More
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specifically, this paper describes skeletal
changes in a male Nile tilapia, Oreochromis
niloticus, broodfish exposed to S. agalactiae and
in its offspring.

Materials and methods
Fish
Nile tilapia, Oreochromis niloticus, were
housed at the Aquatic Animal Health
Research Laboratory (AAHRL), United States
Department of Agriculture, Agricultural
Research Service, Auburn, AL, USA.  A group
of tilapia (approximately 16 g) were
intraperitoneally injected with 750 colony-
forming units of Streptococcus agalactiae (ARS
ID # 01-MU-BR-3) and held at approximately
30°C.  Some of the fish exhibited swimming
in an erratic corkscrew pattern and assumed
a “C”-shaped body posture within 14 days
post-challenge. These are two clinical signs
that are associated with S. agalactiae infection
(Evans et al., 2002) and were putatively caused
by behavioral or muscular changes rather
than skeletal abnormalities. However, one
male fish (hereafter the “male broodfish”)
developed a grossly observable “hunchback”
at the location of the cervical vertebrae.  None
of the other challenged fish exhibited any
similar clinical signs.  A breeding pair of Nile
tilapia was established when the male
broodfish jumped from one 57 L tank into
another containing an isolated, uninfected,
healthy female. The pair soon produced
approximately 100 viable fry, and the fry were
removed from the breeding tank two days
after hatching and isolated in a 9 L aquarium.
Within the next 16 days, this fry population
experienced high mortalities and exhibited
several skeletal abnormalities.  Because of the
male broodfish’s prior exposure to S. agalactiae

and the subsequent clinical signs and
anomalies shown by both the male broodfish
and offspring, we proposed parental
transmission of S. agalactiae as a probable
explanation.

Bacterial culture and identification
Ten fry (approximately 1.0-1.5 cm length)
exhibiting clinical signs of disease were
humanely euthanized by cervical dislocation.
Euthanized fish were externally disinfected
with 70% ethanol, macerated with sterile
forceps and scissors, and samples for
bacteriology were obtained by placing a sterile
loop in the macerated tissues. Later, three
surviving juvenile fish with fin anomalies and
the male broodfish were non-lethally sampled
for bacteriology by inserting a sterile loop into
the nares or the intestine (through the anus).
The loops were streaked on sheep’s blood agar
plates (SBA; Remel, Lenexa, KS, USA1 ), and
the plates were incubated for 24 h at 30°C.

Radiology
Lateral radiographs were taken of the male
broodfish “hunchback” tilapia (12.8 cm),
normal tilapia of corresponding size, five of
the juvenile offspring (5.6 cm), and the
surviving adult offspring (15.8 cm).
Radiographs were taken using an Innovet
E7239X radiographic system (Summit
Industries, Chicago, IL, USA), and the
radiographic technique involved exposures of
40-50 kVp and 1.5-1.7 mAs on film.

Results
Male broodfish
Some of the S. agalactiae-challenged fish
exhibited swimming in an erratic corkscrew
swimming pattern and assumed a “C”-
shaped body posture within 14 days post-

1 Mention of trade names or commercial products in this publication does not imply endorsement by the
U.S. Department of Agriculture.
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challenge.  Despite its behavioral changes, the
male broodfish was able to eat pelleted feed,
and the behavioral changes resolved over the
subsequent 7 months. However, the fish
developed a grossly-observable “hunchback”
(Figure 1c) at the location of the cervical
vertebrae. Radiographic examination of the
hunchback exhibited multiple spinal
curvatures along the length of the spinal
column, with areas of lordosis and severe
kyphosis at the level of the fourth to sixth
vertebrae (Figure 1d). The broodfish also
developed the following clinical signs: 1)
cranial cavitation on the dorsal aspect of the
head, forming a depression between the eyes
(Figure 1c), 2) bilateral exophthalmia, 3)
deformed gill opercula shortened along the
anterior-posterior axes or incomplete at the
dorsal edge, and 4) dorso-ventrally shortened
caudal peduncle (“stump peduncle;” Table 1).
No Gram-positive bacteria were isolated from
the male broodfish. None of the other

challenged fish of corresponding size
exhibited the spinal curvature and skeletal
abnormalities observed in the male broodfish
either grossly or radiographically.

Fry, juveniles, and single surviving
offspring
Two days after hatching, the fry were
behaviorally normal and ate well. Ten days
later, some of the fish became lethargic and
went off feed, and five mortalities were noted.
Mortalities increased within the next six days
and included a range of 5 to 27 dead fish per
day. Examination under a dissecting
microscope indicated that moribund fish
commonly exhibited reddened gills and
presumptively over-inflated swim bladders.
Moribund fish also had trouble maintaining
proper buoyancy and spun on their
longitudinal axis, often with their head
pointed down (tail-up swimming). Fry were
culture positive for S. agalactiae. Cultures

Figure 1. Gross lateral view (a) and lateral radiograph (b) of normal, unexposed broodstock tilapia as control.
Note absence of grossly observable “hunchback” appearance and note the relatively straight vertebral column
in the radiograph.  Gross lateral view (c) and lateral radiograph (d) of observable “hunchback” in the male
broodstock Nile tilapia, Oreochromis niloticus, broodfish after previous exposure to S. agalactiae.  In the gross
lateral view, note the cranial cavitation (arrow) between the eyes.  In the radiograph, spinal curvatures are
visible throughout and note the kyphosis at the anterior end of the spinal column of the exposed fish.
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elicited primarily smooth, white, circular, β-
hemolytic colonies from the fry samples.
Further characterization indicated the isolated
bacteria were Gram-positive, and oxidase and
catalase negative, and the bacteria species was
identified as Streptococcus agalactiae using the
MicroLog3™ system (Biolog Inc., Hayward,
CA, USA).

Fry that survived this period exhibited one to
all of the following clinical signs as juveniles
(Figure 2; Table 1): 1) cranial cavitation on the
dorsal aspect of the head, 2) exophthalmia, 3)
deformed gill opercula shortened along the
anterior-posterior axes or incomplete at the
dorsal edge, 4) severely stunted, deformed,
or absent dorsal, pectoral, pelvic, and caudal
fins, and 5) dorso-ventrally shortened caudal
peduncle (“stump peduncle”).  No gross signs
of vertebral kyphosis or lordosis were
observed in these fish (Table 1).  The majority

of fry died due to S. agalactiae infection and
most of the juveniles died due to tank
aggression, but one offspring survived into
adulthood.  This surviving offspring weighed
91.9 g when last sampled, and the fish
exhibited discrete circular bilateral cavitations
dorsal to the operculum (cranial cavitation on
the dorsal aspect of the head, forming a
depression between the eyes; Figure 2e),
opercular anomalies, bilateral exophthalmia,
fin anomalies and “stump peduncle.”  The
spine in this fish appeared normal on
radiographic examination.

Discussion
This is the first case report describing
S. agalactiae-related anatomical and vertebral
deformities in fish, though other studies have
observed similar clinical signs in fish infected
by other Streptococcus spp.  Sako (1998)

1A male Nile tilapia was intraperitoneally injected with 750 colony-forming units of Streptococcus agalactiae.  The male fish
bred 7 months later and approximately 100 fry were produced.
2Clinical signs were observed (Yes) or not observed (No) in these fish.  Values in parentheses show how many fish were
affected over how many were studied (number affected/number studied).
3Only 6 offspring were studied for skeletal abnormalities because signs were only apparent after the offspring grew larger.
Severe S. agalactiae-related mortalities had already occurred by this time.
4This fish was the only surviving offspring at time of publication.  Mortalities among the 6 other offspring were attributed
to aggression from this surviving offspring.

Table 1.  Observed clinical signs among the male Nile tilapia, Oreochromis niloticus, broodfish and its offspring.1

Observed2  
Clinical Sign Male 

broodfish Offspring3 Surviving 
offspring4 

Figure 
example 

”C”-Shaped Body Posture (behavioral) Yes (1/1) No No  
Scoliosis, Kyphosis (anatomical) Yes (1/1) No No 1d 
Cranial Cavitation Yes (1/1) Yes (6/6) Yes (1/1) 2b 
Bilateral Exophthalmia Yes (1/1) Yes (6/6) Yes (1/1) 2c 
Opercular Shortening Yes (1/1) Yes (6/6) Yes (1/1) 2b 
Fin Deformity (short or absent):    2c 
     Dorsal No Yes (6/6) Yes (1/1)  
     Pectoral No Yes (2/6) No  
     Pelvic No Yes (6/6) Yes (1/1)  
     Anal No Yes (6/6) Yes (1/1)  
     Caudal No Yes (6/6) No  
Stump Peduncle Yes (1/1) Yes (4/6) Yes (1/1) 2b 
S. agalactiae-Related Mortalities No Yes (~93/99) No  

 



Bull. Eur. Ass. Fish Pathol., 27(5) 2007,  173

suggested that S. iniae infection of brain tissue
allowed for subsequent development of
vertebral scoliosis and lordosis in yellowtail.
A shorter time period was required for
bacterial colonization of the brain and
development of vertebral abnormalities in
higher water temperatures up to 30°C,
approximately the temperature at which the
tilapia broodfish and fry were maintained
here.  Kaige et al. (1984) assessed vertebral
deformities among S. iniae-infected yellowtail
with radiographs and found that the
deformities were caused by vertebral
scoliosis, lordosis, and kyphosis in the trunk
and tail.  The deformities were linked to
misalignments among the corresponding
intervertebral ligaments subsequent to
infection.  Similar skeletal misalignments may
have been caused by the broodfish’s severe
“C”-shaped body confirmation due to muscle
contractions or behavioral changes following
challenge, akin to the conditions causing
vertebral luxations in some electrocuted fish.

Figure 2. Gross views of normal (a) juvenile Nile
tilapia, Oreochromis niloticus, juvenile offspring (b)
of S. agalactiae-challenged broodfish, and single
surviving offspring (c, d, e) of S. agalactiae-
challenged broodfish.  Note height and extension
of dorsal fin, length of pelvic fin, and contour of
the body at the caudal peduncle in the normal fish
(a).  Juvenile offspring exhibits cranial cavitation
between eyes (large black arrow), misshapen gill
opercula (single small white arrow), absent dorsal
fin, misshapen “stump peduncle” (dorso-ventrally
shortened caudal peduncle; double small arrows),
and shortened caudal fin (b).  Lateral view of
surviving offspring with exophthalmia, deformed
gill opercula, shortened dorsal fin, and absent
pelvic fin (arrow) (c).  Lateral radiograph of
surviving offspring exhibiting relatively straight
vertebral column (d).  Note presence of pelvic fin
basipterygia but absence of pelvic fin (arrow).
Dorsal view of surviving offspring with bilateral
exophthalmia, deformed gill opercula, and discrete
circular cavitation (arrow) dorsal to the operculum
(e).
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Severe muscular contractions during electric
stimulation can cause vertebral compressions
or fractures (Ainslie et al., 1998; Pasnik et al.,
2003), and abnormalities are commonly found
beneath the dorsal fin because of the
significant muscle mass in this location.
Group B streptococcus has been reported to
cause ulcerative or inflammatory lesions in
the integument and muscle of fish (Evans,
1988; Plumb, 1997), and thus there is the
possibility that the S. agalactiae infection may
have caused distortion or contraction of the
musculature and “C”-shaped body
confirmation.

A number of skeletal abnormalities have been
previously observed in tilapia.  Tave et al.
(1982) described two conditions in which
affected tilapia exhibited loss of the caudal
fin and peduncle (“tail-less”) or scoliosis and
kyphosis with vertebral luxation
(“stumpbody”); the latter appeared to be
caused by a non-heritable congenital defect.
Tave et al. (1983) also observed a “saddleback”
condition, caused by a dominant autosomal
gene presumably arising after a genetic
mutation.  Fish affected by this condition
exhibited partial or full loss of the dorsal fin
and occasionally other fins (pectoral, pelvic,
and anal fins), much like observed in the
study here.  Affected fish also demonstrated
reduced survival during the first months of
life and were more susceptible to stress and
Saprolegnia sp. infection than unaffected fish.
In this case study, the fin abnormalities among
the fry could have several causes. Fin
deformities are often observed in fish with
vertebral deformities (Sindermann, 1988),
especially because the two may be associated
with the same causal factors (Sindermann,

1988; Brown & Nunez, 1998).  A genetic cause
may be considered here because all of the
examined offspring had skeletal
abnormalities, though it may not adequately
explain the kyphosis in the male broodfish
and why similar vertebral abnormalities were
not observed in the offspring. Further,
incompletely-formed gill opecula in Nile
tilapia fry were previously described by Tave
& Handwerker (1994), who suggested that the
malformation was a non-heritable congenital
defect.  Such a congenital abnormality would
not likely have affected the hatched fry here
since all of the fish were involved.

In contrast, the male broodfish and fry had S.
agalactiae infections, and this most likely
caused or had a significant contributory effect
on the malformations.  While Gram-positive
bacterial colonies were sampled from the
broodfish, Evans et al. (2006) indicated that
subclinical infections of S. iniae may not be
confirmed by standard microbiological
techniques, and the same may be true of
subclinical S. agalactiae infections.  Because the
fry were culture-positive for S. agalactiae, the
male broodfish may have spread the bacteria
despite the negative culture result.  Bacterial
transmission may have occurred vertically
during sperm fertilization of the eggs or
horizontally through the water column (fecal
shedding or sperm secretion); the potential for
vertical and horizontal transmission of
streptococcal pathogens has been cited by
other authors (Robinson & Meyer, 1966;
Shoemaker et al., 2000; Camus, 2001; Bromage
& Owens, 2002; Garcia, 2004).  Infectious
diseases alone can directly cause skeletal
malformations (Noga, 1993, Brown & Nunez,
1998).  Nutritional deficiencies are also known
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to cause skeletal abnormalities, and the
S.  agalactiae infection may have caused
malabsorption of dietary nutrients in these
developing fry.  Pasnik et al. (2005) described
long mucoid fecal casts among S. agalactiae-
infected tilapia, presumably due to catarrhal
exudate production in the stomach and
intestines (Noga, 1993).  If gastrointestinal
mucosa is sloughed, the fish may not digest
or absorb enough nutrients to develop
normally after hatch. Though the
pathogenesis of the skeletal deformities was
not definitively determined, direct activity of
the bacteria or indirect effects of streptococcal
disease resulted in severe abnormalities.

Skeletal deformities can cause a downgrading
of cultured fish quality and therefore reduce
economic profit (Brown & Nunez, 1998;
Vagsholm & Djupvik, 1998). Deformities, such
as absent fins, can also hinder proper social
displays and interactions among Nile tilapia
(Barki & Volpato, 1998) and may cause
equilibrium problems (Tave et al., 1983).
Some skeletal deformities can be reversed or
prevented when the causal factor is removed
(Brown & Nunez, 1998; Vagsholm & Djupvik,
1998; Aubin et al., 2005), but prevention would
be a desired option for infectious agents.  Sako
(1998) indicated that S. iniae-related vertebral
abnormalities were prevented by
intraperitoneal vaccination.  Evans et al. (2004)
found that clinical signs and mortalities due
to S. agalactiae infection were significantly
prevented post-vaccination, and thus disease
and skeletal deformities due to S. agalactiae
infection could similarly be prevented with
vaccination.
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