Open Veterinary Journal, (2021), Vol. 11(2): 309–318
ISSN: 2226-4485 (Print)
ISSN: 2218-6050 (Online)

Submitted: 02/03/2021

Original Research
DOI: 10.5455/OVJ.2021.v11.i2.16

Accepted: 29/05/2021

Published: 28/06/2021

Experimental infection of Enterococcus faecalis in red tilapia (Oreochromis
hybrid) revealed low pathogenicity to cause streptococcosis
Rifky Rizkiantino1, Fachriyan Hasmi Pasaribu1, Retno Damajanti Soejoedono1, Sucitya Purnama1,
Danny Bagus Wibowo2 and I Wayan Teguh Wibawan1*
Division of Medical Microbiology, Department of Animal Infectious Diseases and Veterinary Public Health, Faculty
of Veterinary Medicine, Bogor Agricultural University (IPB University), Bogor, Indonesia
2
Undergraduate Program, Faculty of Veterinary Medicine, Bogor Agricultural University (IPB University), Bogor,
Indonesia

1

Abstract
Background: Streptococcosis, as a bacterial disease with broad tropism in fish and one of the causes of septicemia.
Enterococcus faecalis is one of the causative agents of streptococcosis that can be isolated in tilapia.
Aim: This study was undertaken to complete the reporting gap on the pathogenicity profile and clinical symptoms of E.
faecalis bacterial infection in red tilapia (Oreochromis hybrid). The study is expected to provide enriching information
regarding recognizable clinical signs in the field that can lead to the diagnosis of streptococcosis caused by E. faecalis,
especially in the Indonesian aquaculture environment.
Methods: The method used in this artificial infection study using red tilapia, which were divided into two types of
route groups infection, namely intraperitoneal (IP) and peroral (PO) with bacterial concentrations given for each
route of infection to be 2.1 × 108 CFU ml−1; 2.1 × 107 CFU ml−1; and 2.1 × 106 CFU ml−1. One group was given
brain heart infusion broth media sterile as a non-infectious control. Clinical symptoms, changes in swimming habits
and consuming feed, external and internal organ lesion, and leukocytes profile changes were observed during the
observation period along 14 days to evaluate the infectious effect of each treated fish group. The lethal dose 50 (LD50)
was estimated with the Spearman–Kärber method. The evaluation of the leukocyte profile was performed to find
leukocytosis as the clinical sign of infection.
Results: The results showed variations in clinical symptoms inflicted on fish through death or the moribund stage. The
highest mortality occurred in the treatment group of 2.1 × 108 CFU ml−1 with the PO route. The bacterial concentration
of 2.1 × 107 CFU ml−1 given either as PO or IP can cause mild infection symptoms but did not cause mortality. The LD50
of the PO and IP route was obtained at 1.99 × 108 CFU ml−1 and 0.79 × 108 CFU ml−1, respectively. The total leukocytes
in the infected fish group increased significantly (p < 0.05) by twofold when compared with the non-infectious group.
The bacteria’s discovery on the blood smear examination was taken from fresh dead fish or moribund fish in the
treatment group of 2.1 × 108 CFU ml−1, for both PO and IP.
Conclusion: Enterococcus faecalis with low pathogenicity can lead to septicemia, characterized by a total increase in
leukocytes, bacteria’s discovery on the blood smear examination, and various clinical symptoms systemically found
in the treated fish.
Keywords: Enterococcus faecalis, Experimental infection, Red tilapia, Septicemia, Streptococcosis.
Introduction
Streptococcosis is a bacterial disease that can cause
septicemia in fish (Ferguson et al., 1994). This disease
has a broad tropism level because it can infect various
freshwater and seawater fish, both cultivated and feral.
One kind of fish that is very susceptible to this disease
is tilapia. Several causative agents of streptococcosis
have been isolated from various fish worldwide,
including Enterococcus faecium, Lactococcus
lactis, Streptococcus mutans, Streptococcus phocae,
Vagococcus salmoninarum (Toranzo et al., 2005;
Austin and Austin, 2012), Streptococcus agalactiae,
Streptococcus iniae, Streptococcus dysgalactiae,
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Lactococcus garvieae (Evans et al., 2006; Netto et al.,
2011; Taukhid and Purwaningsih, 2011; Anshary et al.,
2014), Streptococcus parauberis (Kwon et al., 2017),
and Enterococcus faecalis (Khafagy et al., 2009;
Fawzy et al., 2014; Rahman et al., 2017; Rizkiantino
et al., 2020).
According to Lancefield Group, Enterococcus faecalis
is a streptococcal bacterium classified into Group D
Streptococcus based on bacterial serological groups
and other species, such as E. faecium and Streptococcus
bovis. This bacterium is Gram-positive, catalasenegative, and γ hemolytic if cultured on a 5% sheep
blood agar medium (Haslam and Geme III, 2018).
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Enterococcus faecalis lives commensally in the
digestive tract of humans or mammals. Still, sometimes
it can cause nosocomial infection in hospitals (Ryan
and Ray, 2004). This bacterium is also abundant in
humans reported as a common cause of sepsis and
can be cultured from blood in patients who died from
severe sepsis and septic shock (Linden, 2003). This
bacterium in fish is one of the causative pathogens for
the incidence of streptococcosis. Enterococcus faecalis
can also grow at a temperature of 10°C–45°C and up
to 60°C for 30 minutes. This bacterium is tolerant
and can grow at alkaline conditions with pH 9.6; high
salt content reaching up to 6.5%, the presence of bile
salts, heavy metals, ethanol, and azides. Enterococcus
faecalis is a non-motile bacterium, ferments glucose
without producing gas and catabolizes glycerol, lactate,
malic acid, citrate, arginine, agmatine, and ketone acids
for energy sources (Stuart et al., 2006).
The clinical symptoms of streptococcosis are varied
and determined mainly by the bacterium’s virulence
that infects a host. Rahman et al. (2017) stated that
the virulence of E. faecalis in tilapia varies widely.
Virulence properties can be high, moderate, low, and
avirulent. The clinical symptoms of streptococcosis
are commonly seen as abnormalities in swimming if it
causes meningoencephalitis lesion; decreased appetite;
lesions of the eye which can lead to opacity and
hemorrhage of the eye, cloudy cornea, panophthalmitis,
and exophthalmos; there are hemorrhagic on the
operculum, around the mouth, anus, and fins (SitiZahrah et al., 2008; Amal and Zamri-Saad, 2011; Austin
and Austin, 2012). However, the clinical symptoms of
streptococcosis caused by E. faecalis have not been
widely reported as a comparison between cases of
streptococcosis caused by other streptococcal bacteria.
Therefore, this study was conducted to complement the
gap reported on the pathogenicity profile and clinical
symptoms of E. faecalis bacterial infection in red
tilapia (Oreochromis hybrid). This study is expected
to provide information related to the clinical signs that
can be identified as symptoms in the field, leading to
the diagnosis of streptococcosis caused by E. faecalis,
especially in the Indonesian aquaculture environment.
Materials and Methods
Preparation of bacteria
The study began preparing the E. faecalis field
isolate strain 7INB (accession no. MT105346) from
Bogor, Indonesia, isolated from the liver of red
tilapia (Oreochromis hybrid) with clinical signs of
streptococcosis in the field (Rizkiantino et al., 2020).
Isolate confirmed conventionally and molecularly before
use in the study. The isolate was cultured on selectivedifferential media using Streptococcus KF agar (Merck
KgaA, Darmstadt, Germany). Enterococcus faecalis
colonies will be colored red and change the media from
purple to yellow. Confirmation was achieved using
Gram staining, a catalase test, and a growth test on a
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6.5% NaCl agar medium. Molecular confirmation was
performed using polymerase chain reaction (PCR).
Extraction of bacterial DNA using the boiling method
(Rizkiantino et al., 2020). The specific forward primer
used Efac F1 (5′-CGTTAGTAACTGAACGTC-3′)
and
1492R
universal
reverse
primer
(5′-GGATACCTTGTTACGACTT-3′) with a target
amplicon length of 1,022 bp. The initial denaturation
process was carried out at 94°C for 5 minutes; process
denaturation at 94°C for 1 minute, annealing at 57°C
for 40 seconds, and elongation at 72°C for 1 minute
(35 cycles). The final extension stage was carried out at
a temperature of 72°C for 10 minutes (Rahman et al.,
2017). DNA Ladder (Promega, Madison, WI) of 100 bp
was used as a standard molecular length.
Experimental infection in lethal dose 50 (LD50) study of
E. faecalis to red tilapia (Oreochromis hybrid)
A total of seventy red tilapia fingerlings (Oreochromis
hybrid) with an average bodyweight of 18–24 g (Taufek
et al., 2020; Wan-Mohtar et al., 2021) were used in
the LD50 study with artificial infection. Treated fish
were acclimatized for 14 days to observe for clinical
symptoms of streptococcosis before use in the study.
Fish were divided into seven groups with ten fish each
and were maintained in an aquarium with dimensions
80 × 40 × 40 cm. Fish were divided into two groups
based on the route of infection, namely intraperitoneal
(IP) and peroral (PO) as much as 0.5 ml bacterial
suspension in brain heart infusion broth (BHIB)
medium using a 1 ml syringe. The concentration of
bacteria assigned to each infection route was 2.1 × 108,
2.1 × 107, and 2.1 × 106 CFU ml−1. One group was
given sterile BHIB medium as a non-infectious control.
The observation period was for 14 days. During the
observation period, control and examination of water
quality were performed in temperature, pH, total
dissolved solids (TDS), dissolved oxygen (DO), and
total ammonia nitrogen (TAN) to avoid data bias in
finding the cause of death or moribund in the treated
fish. Providing aeration, feed with a frequency of
three times a day (±3% of the bodyweight), and water
was changed once in two days during the observation
period. The LD50 of the PO and IP route was estimated
with the Spearman–Kärber method (Hamilton et al.,
1977) modified from Dias et al. (2016).
Anatomical pathology examination and bacterial reisolation
Necropsy was performed to evaluate external changes
in the body and internal organs of the artificially
infected fish. Swimming and feed-consuming behavior
was also observed in those infected fish. Necropsy
was performed on the fish that showed clinical signs,
and the blood was collected for bacterial re-isolation.
Re-isolation and re-culture on selective-differential
Streptococcus KF agar (MerckKgaA, Darmstadt,
Germany) and molecular confirmation were also
carried out from organ samples showing pathological
anatomical changes confirmed by the presence of the
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bacterium. The fish was euthanized using the lowtemperature method by soaking the fish in ice water
slowly until the fish reached the stage of medullary
collapse characterized by the gills’ movement, which
was entirely out of sight as the fish went into cardiac
arrest (Stoskopf, 2010).
Evaluating the leukocyte profile
Blood from all individuals in each group was collected
through a caudal vein as much as 0.1 ml and mixed with
0.1 ml of anticoagulant 10% ethylenediaminetetraacetic
acid. The leukocytes profile was evaluated in total and
differential leukocytes using the Rosenfeld (1947)
method. The total leukocyte count was carried out
by diluting the blood using a 0.65% sodium chloride
solution containing 1% crystal violet. The result of
the blood dilution was then counted on a Neubauer
hemocytometer.
Differential
leukocytes
were
conducted by making a blood smear and stained with
10% Giemsa staining and counted per hundred cells to
get a percentage of each leukocyte type (modification
from Martins et al., 2004). Examination results were
then analyzed statistically with the analysis of variance
method with a 5% confidence interval. If there is
a significant difference, it will be followed by the
least significant difference test to see if there are any
significant differences between the treated fish groups.
Ethical approval
Maintenance, euthanasia, and invasive methods in
treated fish were carried out by following the protocols
approved by the Animal Care and Use Committee, The
Institute of Research and Community Empowerment of
IPB University with approval ethic number 171-2019
IPB.
Results
Experimental infection in LD50 study of E. faecalis to
red tilapia (Oreochromis hybrid)
Based on the experimental infection in the LD50 study,
it was found that in the group of fish infected by PO

with a bacterial concentration of 2.1 × 108 CFU ml−1
showed that as many as 8 out of 10 treated fish (80%)
go through fresh death or in the moribund stage with
a wide variety of clinical symptoms especially in the
appearance of each fish. In IP group-infected fish with
a bacterial concentration of 2.1 × 108 CFU ml−1 as many
as 4 out of 10 treated fish (40%) go through fresh death
or in the moribund stage, variations were observed for
clinical symptoms of each individual. Fish that were
in the moribund stage swimming vertically with the
mouth facing up the water surface. The treated fish
group with a bacterial concentration of 2.1 × 108 CFU
ml−1, both PO and IP route, showed a decrease in speed
during the qualitative feed on day 2 of post-infection
when compared with the non-infectious group. There
was no mortality in both non-infectious and infectious
fish groups with bacterial concentrations of 2.1 × 107
and 2.1 × 106 CFU ml−1, both of PO or IP route. There
was no significant change in feed consumption and
swimming behavior in these groups. The LD50 of PO
and IP route of E. faecalis strain 7INB for red tilapia
was obtained at 1.99 × 108 and 0.79 × 108 CFU ml−1,
respectively. Water quality results indicated that the
water’s physical and chemical conditions were still
expected to be optimal for red tilapia (Table 1).
Anatomical pathology examination and bacterial reisolation
Based on the results of the examination on the external
body of the fish at necropsy, the majority of lesions
were obtained from the fish which were infected with a
bacterial concentration of 2.1 × 108 CFU ml−1; both PO
and IP were hemorrhaging at the base of the dorsal and
pectoral fins, erosion on the caudal (tail) and pectoral
fins, unilateral and bilateral hemorrhage of the eye,
cloudy eye or opacity of the eye was both unilateral and
bilateral. There were black spots on the ventral mouth
and gill areas. The appearance of clinical symptoms in
these groups started on the 2nd day post-infection. Fish
which were infected with a bacterial concentration of

Table 1. Water quality parameters (Mean ± SD) during the 14 day observation period of artificial infection in red tilapia
(Oreochromis hybrid) with the E. faecalis strain 7INB, Bogor, Indonesia.
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Water Parameters

Treatment
group

Temperature (°C)

pH

TDS (ppm)

DO (mg/l)

TAN (mg/l)

PO 2.1 × 108

26.40 ± 0.32

7.90 ± 0.11

86.60 ± 8.14

4.80 ± 0.98

0.10 ± 0.10

PO 2.1 × 107

26.30 ± 0.31

7.70 ± 0.18

101.10 ± 11.29

4.80 ± 0.98

0.10 ± 0.12

PO 2.1 × 106

26.30 ± 0.31

7.60 ± 0.19

94.00 ± 11.63

5.20 ± 0.98

0.00 ± 0.00

IP 2.1 × 108

26.30 ± 0.31

7.50 ± 0.15

90.40 ± 8.20

4.00 ± 0.00

0.10 ± 0.10

IP 2.1 × 107

26.30 ± 0.31

7.60 ± 0.13

100.10 ± 14.62

3.30 ± 1.40

0.10 ± 0.10

IP 2.1 × 106

26.30 ± 0.31

7.60 ± 0.17

94.60 ± 11.75

3.30 ± 1.40

0.10 ± 0.10

Non-infectious

26.23 ± 0.28

7.62 ± 0.16

91.54 ± 6.89

4.60 ± 0.92

0.00 ± 0.00
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2.1 × 107 CFU ml−1; both PO and IP did not go through
death. However, 4–5 individuals in each group showed
black spots on the ventral mouth and gill areas, which
appeared on the 7th day post-infection (Fig. 1).
Organ examination results in internal lesions indicated
a pale liver with a brittle texture on all the dead or
moribund fish. Fluid in the stomach (1 out of 8 dead
or moribund fish) and gas accumulation in the intestine
(2 out of 8 dead or moribund fish) of PO-infected fish
with a concentration of 2.1 × 108 CFU ml−1 can also
be found (Fig. 2). Two fish were randomly selected for
postmortem examination and bacterial re-isolation in
the treatment group of non-infectious, 2.1 × 107 CFU
ml−1, and 2.1 × 106 CFU ml−1; both PO and IP. No
abnormality in the internal organs was observed in the
infected fish with a bacterial concentration of 2.1 × 107
and 2.1 × 106 CFU ml−1; both PO and IP routes. There
was no pathological lesion in all fish’s gills organ.
The result of the re-isolation of bacterium demonstrated
that liver and blood cultured on selective-different
media showed positive signs of colonies characterizing
E. faecalis of all fish through the death or moribund
from 2.1 × 108 CFU ml−1; both PO and IP. Molecular
confirmation results also showed a specific band at
1,022 bp from pure isolates from liver and blood (Fig.
3). In comparison, no E. faecalis colonies grew from
blood and liver cultured from fish in the treatment
group of 2.1 × 107 and 2.1 × 106 CFU ml−1; both PO
and IP.
Evaluating the leukocyte profile
The leukocyte profile examination results showed
a significant increase (p < 0.05) in leukocytes in
artificially infected fish groups when compared with
non-infectious groups. Lymphocytes are the type of
leukocytes high in each treatment group (Table 2).
The blood smear examination results on the dead or
moribund fish in the treatment group of 2.1 × 108 CFU
ml−1, both PO and IP, were found the bacterium in the

form of a coccus-chain formation, which refers to E.
faecalis (Fig. 4), which was not found in fish blood
smears that survived the end of the observation period.
Discussion
Enterococcus faecalis is one of the causative agents of
streptococcosis in fish. However, the leading cause of
concern in the tilapia industry is from the species of S.
iniae, S. agalactiae, S. dysgalactiae, and Lactococcus
garvieae (Evans et al., 2006; Netto et al., 2011), but
a case report on streptococcosis caused by E. faecalis
bacterium has also been found in several countries,
such as in Egypt (Khafagy et al., 2009; Fawzy et al.,
2014), Bangladesh (Rahman et al., 2017), Indonesia
(Rizkiantino et al., 2020), and Brazil (Martins et al.,
2008). There is a lack of pathogenicity profile and
clinical symptoms caused by E. faecalis infection in fish
which makes this study very significant to complement
the studies that have been reported.
Based on the pathogenicity results found during the
study, it was found that the concentration of E. faecalis
strain 7INB from Bogor, Indonesia, amounting to 2.1
× 108 CFU ml−1 was able to cause death in treated
fish. When compared between infection routes, oral
infection is capable of causing the death of 80% of the
total number of treated fish. While the IP injection only
caused death by 40% of the total number of treated fish
at a concentration of 2.1 × 108 CFU ml−1 shows that
the E. faecalis strain 7INB from Bogor, Indonesia, can
cause 80% mortality in treated fish, which amounted to
2.1 × 108 CFU ml−1, the route of infection via PO.
Bacterial concentrations were 2.1 × 107 and 2.1 × 106
CFU ml−1, respectively; PO or IP did not show any
mortality. A few surviving fish infected by 2.1 × 107
CFU ml−1, both by PO and IP route showed mild lesions
in the form of black spots like hemorrhage marks
around the ventral area of mouth and gill (Fig. 1c).
This indicates that at this concentration, the bacteria

Table 2. Profile of red tilapia (Oreochromis hybrid) leukocytes that are artificially infected with E. faecalis strain 7INB, Bogor,
Indonesia.
Treatment
group

Leukocyte cell parameters
Total leukocytes
(× 103·µl−1)

Monocytes
(× 103·µl−1)

Lymphocytes
(× 103·µl−1)

Neutrophils Heterophils Eosinophils
(× 103·µl−1) (× 103·µl−1) (× 103·µl−1)

Basophils
(× 103·µl−1)

PO 2.1 × 108

28.32 ± 15.21bcd

4.30 ± 2.48a

12.87 ± 5.85a

6.51 ± 5.47a

1.38 ± 2.95a

0.05 ± 0.15a

0.38 ± 0.32c

PO 2.1 × 107

38.53 ± 15.42d

4.66 ± 5.78a

22.86 ± 13.36c

6.21 ± 7.02a

2.09 ± 2.86a

0.03 ± 0.09a

0.09 ± 0.19a,b

PO 2.1 × 106

22.97 ± 7.78ab

2.67 ± 1.91a

14.42 ± 6.42abc

4.74 ± 2.64a

1.08 ± 1.39a

0.00 ± 0.00a

0.05 ± 0.09a,b

IP 2.1 × 108

29.59 ± 11.38bcd

4.54 ± 3.24a

14.78 ± 8.93ab

8.19 ± 7.74a

1.12 ± 1.39a

0.05 ± 0.17a

0.34 ± 0.41c

IP 2.1 × 107

32.78 ± 16.67bcd

3.83 ± 4.42a

20.21 ± 11.03cb

6.41 ± 4.62a

1.28 ± 1.92a

0.07 ± 0.13a

0.00 ± 0.00a

IP 2.1 × 106

27.30 ± 6.43bc

4.02 ± 2.01a

15.48 ± 4.15abc

6.48 ± 3.21a

1.05 ± 0.09a

0.00 ± 0.00a

0.06 ± 0.16a,b

Non-infectious

14.65 ± 2.14a

2.72 ± 1.84a

8.26 ± 2.05a

3.27 ± 1.83a

0.33 ± 0.32a

0.02 ± 0.05a

0.05 ± 0.07a,b

Different superscript letters on the same column indicated a significant difference (p < 0.05). Data are presented as Mean ± SD (n = 10).
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Fig. 1. The external anatomical pathology examination of the
red tilapia body (Oreochromis hybrid) is artificially infected
by E. faecalis strain 7INB, Bogor, Indonesia. (A) Hemorrhage
at the base of the pectoral fin (red arrow), erosion in pectoral
fin (yellow arrows), and cloudy eye (opacity on the eye)
(black arrow). (B) Hemorrhage of the eye (red arrow). (C)
Black spots in the ventral mouth and gill areas (red arrows).
(D) Hemorrhage at the base of the dorsal fin (red arrows) and
erosion on the caudal fin (tail) (yellow arrows). (E) Dorsal
visualization of the hemorrhage at the base of the dorsal fin
(red arrows).

are capable of causing mild lesions changes; however,
physiologically, it is suspected that the fish can neutralize
the infectious process started by the bacterium so that
the infection does not develop towards critical, which
can cause death. The concentration of E. faecalis 7INB
strain from Bogor, Indonesia, amounted to 2.1 × 107
CFU ml−1 by route of infection by PO or IP can cause at
least 50% of mild clinical symptoms in the treated fish.
The use of concentrations of E. faecalis starting at 2.1
× 106, 2.1 × 107, and 2.1 × 108 CFU ml−1 with the PO
infection route was based on the explorative study
because there is still no pathogenicity study across
this range of E. faecalis infection via the oral cavity
and digestive tract. The PO route is analogous to an
infection route through the cannibalistic behavior of
fish that is easily found in intensive aquaculture ponds,
so this study is expected to be able to provide a measure
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Fig. 2. The pathological examination of red tilapia’s internal
organs (Oreochromis hybrid) is artificially infected by E.
faecalis strain 7INB, Bogor, Indonesia. (A) Fluid in the
stomach (red arrow). (B) Gas accumulation in the intestines
(red arrows). (C) Liver becomes pale with a brittle texture
(asterisk). (D) Non-infectious red tilapia liver as normal liver
control (asterisk).

of the high concentration of E. faecalis needed to be
able to cause clinical symptoms or death of more than
50%. This provides new information to initiate an
infective dose in trials that can be used in other studies,
such as developing the streptococcosis vaccine caused
by E. faecalis and the development of other therapeutic
applications. While the selection of the concentration
of E. faecalis starting at 2.1 × 106, 2.1 × 107, and 2.1
× 108 CFU ml−1 using the IP infection route was based
on the results of a study reported by El-Sayed and ElGheit (2005) where E. faecalis can cause mortality of
only 1 out of 10 fish at a concentration of 1 × 105 CFU
ml-1, 3 out of 10 fish at a concentration of 1 × 106 CFU
ml−1, and 3 out of 10 at a concentration of 1 × 107 CFU
ml−1. While at these concentrations, there was still no
evidence of fish mortality that reached 50%, increasing
it one level to 108 to explore it further. Fawzy et al.
(2014) reported that the concentration of E. faecalis
bacterium was isolated from Egypt and infected
artificially in the laboratory at a concentration of 3 ×
107 CFU ml−1. However, it did not show any mortality
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Fig. 3. Molecular identification and re-isolation of E. faecalis strain 7INB, Bogor, Indonesia, from the LD50 study in artificially
infected red tilapia (Oreochromis hybrid). M. Marker (100 bp). (1) E. faecalis strain 7INB. (2) E. faecalis strain 7INB re-isolation
from the blood (PO 2.1 × 108 CFU ml−1). (3) E. faecalis strain 7INB re-isolation from the liver (PO 2.1 × 108 CFU ml−1). (4) E.
faecalis strain 7INB re-isolation from the blood (IP 2.1 × 108 CFU ml−1). (5) E. faecalis strain 7INB re-isolation from the liver
(IP 2.1 × 108 CFU ml−1). NTC. Non-template control. K(–). Negative control.

in the treated fish. Rahman et al. (2017) reported that
by artificial infection, the route of immersion during
15 minutes on the bacterial suspension of E. faecalis
with high virulence origin of the streptococcosis case in
Bangladesh which were infected tilapia and catfish at a
concentration of 2 × 105–4 × 105 CFU ml−1 causes death
72 hours of post-infection and causes first symptoms
clinically 24 hours of post-infection.
The concentration of the E. faecalis strain 7INB could
cause clinical symptoms of up to 80% of mortality at 2.1
× 108 CFU ml−1. The LD50 of E. faecalis strain 7INB for
red tilapia was obtained at 1.99 × 108 CFU ml−1 for the
PO route, and 0.79 × 108 CFU ml−1 for the IP route. These
findings may be difficult to find in nature. Nevertheless,
it needs to be paid attention to the stress factors in
fish due to intensive maintenance in aquaculture
ponds that reduces the fish’s immune system. The
immunosuppressive condition can cause an increase in
the concentration of E. faecalis, which initially enters
the host’s body in small amounts and finds the quorum
sensing points in the digestive tract of tilapia. The
digestive tract environment does not become an obstacle
to colonization for this bacterium, which is resistant to
extreme environments (Arias and Murray, 2012). The
findings of clinical symptoms in the field on red tilapia
prove that the E. faecalis can still cause the symptoms of
streptococcosis; even with low pathogenicity.
The different routes of infection are thought to affect the
resulting mortality in treated fish. Bacterial infection
on the PO route showed more mortality causes (80%)
than the IP route (40%). Report study of artificially
streptococcal bacterial infection using isolated S.
agalactiae (concentration of 7 × 107 CFU per 0.1 ml
or 7 × 108 CFU ml−1) conducted by Iregui et al. (2016)

on red tilapia showed that the main route of infection
with these bacteria is through the gastrointestinal tract
if compared to the route of infection via immersion.
Observation through a transmission electron microscope
showed that S. agalactiae can perform adhesions on
the intestinal epithelial cells of fish and perform binary
fission. After that, the bacterium begins to enter the
intestinal tissue through blood vessels, which causes the
bacterium to enter the bloodstream and consequently
cause septicemia. Based on the mortality rates recorded
for both routes of infection in the current study, it is now
presumed that the main port of E. faecalis bacteria’s
entry is also via the gastrointestinal tract. This route
causes death and clinical symptoms relatively more
severe than the IP route of infection at the same
bacterial concentration, which is the same as studies
of S. agalactiae reported. This can make it possible to
remember E. faecalis is also a bacterium that is tolerant
of acidic conditions with pH 2.9–4.2 at 37°C or pH 5.0
at 25°C (Morandi et al., 2005; Mubarak and Soraya,
2018); alkaline conditions with a pH of 9.6; as well as
existence bile salts (Stuart et al., 2006). As for tilapia’s
digestive tract condition, generally, a pH range of 2.5–8
is suggested to allow E. faecalis to survive (El-Beltagy
et al., 2004; Zhao et al., 2011; Zhou et al., 2013). With
its physiological properties that can survive in these
extreme conditions, E. faecalis cause streptococcosis in
the tilapia industry, which must be taken seriously if its
existence is found in a pond. However, it still needs the
serial studies of the E. faecalis observations of ranges
based upon specific time in each route of infection. It
should be possible at a later date to know the real-time
conditions of this bacterium in the tilapia’s digestive
tract per hour.
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Fig. 4. An overview of red tilapia (Oreochromis hybrid) blood
smear artificially infected with the E. faecalis. (A) Monocyte
(red arrow). (B) Lymphocyte (red arrow). (C) Neutrophil
(red arrow). (D) Heterophil (red arrow). (E) Basophil (red
arrow). (F) Eosinophil (red arrow). (G) Gram-positive
coccus bacteria were found in blood smears examination (red
arrows). (H) Gram staining of E. faecalis.

Profile of clinical symptoms caused by artificial infection
of E. faecalis in this study also shares some common
clinical signs of septicemia caused by streptococcosis
in tilapia reported by Osman et al. (2017). These are
hemorrhage in the pectoral fin base, erosion on caudal
(tail) and pectoral fins, hemorrhage uni- and bilaterally
in the eye, and cloudy eye (opacity in the eye), which
is uni- and bilateral. Clinical symptoms are also in
line with streptococcosis symptoms that have been
widely reported in clinical terms, both natural and
artificial infection (Siti-Zahrah et al., 2008; Khafagy
et al., 2009; Amal and Zamri-Saad, 2011; Anshary
et al., 2014; Rahman et al., 2017; Rizkiantino et al.,
2020). Clinical symptoms in the form of hemorrhage
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at the base of the dorsal fin and black spots on the skin
of the ventral area of mouth and gill (Fig. 1c–e) were
consistent with the findings reported by Fawzy et al.
(2014) in S. dysgalactiae and Enterococcus gallinarum
strain infection. This finding is a novelty report where
it turns out that E. faecalis is also capable of causing
clinical symptoms such as hemorrhage at the base of the
dorsal fin and black spots on the skin of the ventral area
of the mouth and gill. An examination of the internal
organs also found symptoms similar to several studies
of artificial infection of E. faecalis before; namely,
the liver becomes pale with a brittle texture. Notable
pathological changes in the form of fluid in the stomach
and gas accumulation in the intestines of PO-infected
fish with a concentration of 2.1 × 108 CFU ml−1 can
also be found in a small proportion of individuals who
were diagnosed. This anomaly can not be determined
as the cause of these clinical symptoms because,
physiologically, E. faecalis produces lactic acid from
glucose fermentation but is not accompanied by gas
production (Klein, 2003). However, this suspicion can
arise because it is related to changes in the digestive
tract microbiome, including the intestine, due to the
abundant presence of E. faecalis bacterium, affecting
physiological properties of other normal microflora in
the intestine, which are individual in the treated fish so
only found in one or two fish.
It is suspected that the erosion of the caudal (tail)
and pectoral fins can be worsened by the cannibalism
efforts against individual fish who are sick and weak
by healthy fish. Naumowicz et al. (2017) states that a
disease or health problem in cultured fish that causes
stunted growth may also increase the incidence of
cannibalism. The clinical symptoms generated during
the study of suspected artificial infections can not
be separated from the presence of virulence factors
possessed by E. faecalis. Enterococcus faecalis has the
virulence gene of gelE, which encodes for the gelatinase
enzyme, closely related to infection and cloudy eye
(Engelbert et al., 2004). The bacteria circulates in the
bloodstream and moves towards the eyes, colonizes,
and produces gelatinase in this organ. This enzyme can
break down protein present in the eye’s cornea so that
the protein becomes degraded which is characterized
by opacity or cloudiness in the eye. The virulence gene
of gelE also has a role as toxin, metalloendopeptidase,
and hydrolyzes other bioactive compounds, such as
collagen and hemoglobin (Su et al., 1991).
Hemorrhage occurred in several parts of the body,
such as the base of the pectoral fin, dorsal fin, and
eyes, which are thought to result from systemic
infections or septicemia. Septicemia is a clinical
condition characterized by the emergence of a systemic
inflammatory response syndrome or an organ failure.
Gram-positive bacteria are reported to cause many
sepsis events in humans and animals (American
College of Chest Physicians/Society of Critical Care
Medicine, 1992; Angus et al., 2001). Lipoteichoic acid
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present in the matrix peptidoglycan and the diversity
of Gram-positive bacteria’s cell wall structure act as
a precursor to the resulting exaggerated inflammatory
response eliciting the inflammatory response that varies
significantly between individuals infected (Yipp et al.,
2002). Septicemia or bacteremia can be correlated with
the presence of an E. faecalis virulence factor in the
form of a surface protein encoded by esp virulent genes
(Creti et al., 2004). Surface protein plays a role in the
process of bacterial contact with a layer in the host
tissue. Therefore, this virulence factor also correlates
with E. faecalis adhering, besides the virulence factor
of aggregation substance, in the abiotic environment to
form a biofilm (Toledo-Arana et al., 2001).
The condition of septicemia in this study was
characterized by a change in the liver that becomes paler
and has a brittle texture, positive culture results from
fish blood that have died or moribund, and the presence
of Gram-positive bacteria in the form of coccus on
blood smear examination. To the authors’ knowledge,
the positive culture results from fish blood that has died
or moribund and the presence of Gram-positive bacteria
in the form of coccus on blood smear examination
caused by E. faecalis infection is the recent report
which can prove the existence of bacteria circulating
in the blood of fish that are artificially infected by E.
faecalis. This laboratory examination is expected to
assist in diagnosing clinical symptoms of septicemia
due to E. faecalis when there are streptococcosis cases
in the field. Septicemia can also be characterized by
a change in the hematological profile system, such as
anemia, leukocytosis, and thrombocytopenia (Goyette
et al., 2004). Based on the results of the counting of
the average total leukocytes was performed in each
treatment group obtained an increase of twofold on
the mean total leukocytes in the group with a bacterial
concentration of 2.1 × 108 CFU ml−1, both PO and IP,
when compared with the non-infectious group. Changes
in the total leukocyte profile and the differential
leukocytes obtained in this study are in line with the
results of a study conducted by Martins et al. (2008),
which is in artificial infection with the Enterococcus sp.
with the bacterial concentration of 1 × 106 CFU ml−1
can increase the total leukocytes nearly twofold when
compared with the uninfected tilapia group. In that
study, lymphocytes were also reported as leukocytes
with the highest number compared to neutrophils and
macrophages. The lymphocytes could be triggered
to produce because of antigen exposure. This white
blood cell will be conducted fission and produces more
immature lymphocytes and causes lymphocytes to
increase and higher than monocytes and neutrophils.
Based on the results obtained, it can be concluded that
E. faecalis used during the study is one causative agent
of streptococcosis with low pathogenicity levels. It
requires a higher enough PO dose of infection that can
cause death in individuals than other E. faecalis strains
in a previous study. The route of infection can also
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affect the severity of clinical symptoms. However, this
bacterium causes variation in clinical symptoms in each
infected fish. It is also capable of causing septicemia
when analyzed based on changes in hematology profile
and the discovery of bacteria upon observation of
blood smear during examination. This information is
expected to increase knowledge of clinical symptoms
of streptococcosis caused by E. faecalis in the fisheries
community in Indonesia.
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