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INTRODUCTION

Aquaculture of various cyprinid fishes, including
common carp Cyprinus carpio, is the largest provider
of freshwater food-fish worldwide (FAO 2014). Be -
cause cyprinids are cultured in different climate zones
and temperatures, a wide variety of bacterial infec-
tions can affect these fish. Moreover, in many coun-
tries, carp are held in polyculture systems, with efforts
to combine the production of carp and tilapia Oreo -
chromis spp. (Pandit et al. 2004, da Silva et al. 2006).

Francisellosis is an emerging disease in many fish
species (Hsieh et al. 2006, 2007, Nylund et al. 2006,
Birkbeck et al. 2007, Ottem et al. 2007, Kamaishi et

al. 2010, Camus et al. 2013). In warm-water fish like
tilapia, the disease is caused by Francisella noatu -
nensis subsp. orientalis (Fno), a Gram-negative, aer-
obic, non-motile, facultative intracellular, pleomor-
phic bacterium. In general, the disease follows a
chronic progression characterized by the formation
of multifocal white nodules in the spleen and other
organs (Soto et al. 2009a, 2012a). Mortalities can be
high (Chen et al. 1994, Leal et al. 2014).

A case of francisellosis was recently reported from
ornamental Malawi cichlids in Austria (Lewisch et al.
2014). No data are currently available about the dis-
tribution of this disease among ornamental fish. The
condition is very likely under-diagnosed, and, be -
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observed during the experiment. General clinical and patho-anatomical disease signs of affected
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but could not re-isolate Fno from these fish. Fno was successfully cultured from 6 sunfish and 3
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12.2% of challenged carp. We demonstrated that sunfish were susceptible to Fno infection while
the carp were not. Horizontal transmission of the agent between the 2 fish species could not be
demonstrated.
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cause of the formation of granulomas, misattributed
to Mycobacterium spp. The possible threat that Fno
poses to native fish species such as carp is unknown.

The aim of this study was to assess the suscepti -
bility of common carp and sunfish Lepomis gibbo -
sus to a strain of Fno recovered from ornamental
cichlids. The sunfish were chosen as a species bio -
logically related to the cichlids and often found in
Austrian carp ponds. Possible horizontal transmission
of the disease between the 2 fish species was also
investigated.

MATERIALS AND METHODS

Bacteria

The isolate was recovered from naturally infected
ornamental Malawi cichlids (Lewisch et al. 2014).
The isolate is part of the collection of the Norwegian
Veterinary Institute under the number 9449 and its
identity was determined by amplification and se -
quencing of its 16S-23S internal transcribed spacer
(ITS) region (Ramírez Paredes 2015). Bacteria were
cultured on blood-supplemented cystein-heart agar
plates (CHAB) and subsequently suspended in 5 ml
aliquots of modified Mueller-Hinton II cation-adjusted
broth (Sigma-Aldrich) as described by Soto et al.
(2009a) and incubated at 26°C. From the resulting sus-
pension, a 10−1 and a 10−2 dilution were prepared to
obtain 3 different infection doses. Bacteria were enu-
merated based on optical density at 600 nm (OD600)
and correlated to plate count after serial dilution.

Challenge

Common carp (mean length 11.5 cm, mean weight
21.5 g) from a local hatchery with no history of koi
herpesvirus (KHV) and common sunfish (mean length
9.8 cm, mean weight 13.4 g) from a wholesaler were
transferred to 100 l aquaria. The aquaria were indi-
vidually filtered and offered hiding places for the
fish. Water temperature was 24°C and was monitored
daily together with ammonia and nitrite levels. Nitro -
genous waste products remained in a normal range
throughout the experiment. The fish were fed a com-
mercial pellet diet twice a day.

Prior to the challenge, 5 carp and 5 sunfish were
submitted to a complete clinical, bacteriological, and
molecular investigation and found to be free of Fno
and parasitic or bacterial diseases. Sunfish and carp
were separately acclimatized for 2 wk. Subsequently,

fish were divided into 6 groups of 3 different infec-
tion doses and acclimatized for 5 more days. In 3 of
these groups, carp were infected by intraperitoneal
(IP) injection, in the other 3 groups, the sunfish were
IP infected. An equal number of the other fish species
was cohabitated with the challenged fish. For the
highest infection dose, 12 fish were used; for the
lower doses we used 13 and 16 fish, respectively.
Two control groups comprised 16 fish of each spe-
cies. In one of the control groups, carp were sham
injected with phosphate-buffered saline (PBS), in the
other control group, the sunfish were sham injected.

Fish were anesthetized with 100 mg l−1 MS-222
(Sigma Aldrich), and the injection site was disinfec-
ted with 70% alcohol. In the control groups, the fish
were injected with 0.1 ml sterile 0.9M PBS (Thermo
Fisher Scientific). Challenge groups received 0.1 ml
of 2 × 106, 2 × 107 and 2 × 108 CFU ml−1, respectively.

Sampling

Post-injection (p.i.), fish were monitored several
times each day, and dead and moribund fish were
removed from the tanks. Moribund fish were eutha-
nized (MS 222, 1 g l−1). After 4 d of elevated mortali-
ties, fish from each group were euthanized at differ-
ent time points (35, 49, 104, 111, 113, 120, 139, 143,
146 d p.i.). Gross patho-anatomical findings were
recorded, and in 12 sunfish and 12 carp, Gram stains
of spleen and kidney imprints were performed.

Samples of spleen, kidney, and in selected cases,
gills, were aseptically transferred to 2 ml Eppendorf
tubes and homogenized in 360 µl lysis puffer (Qia-
gen). An aliquot (100 µl) of the homogenate was cul-
tured on CHAB plates and incubated at 26°C. DNA
was extracted from the rest of the homogenate, using
a DNeasy® Blood and Tissue Kit (Qiagen). PCR was
conducted with Francisella-like bacteria (FLB)-spe-
cific primers (16S rDNA FLB-primers 180f and 485r)
using a published protocol (Hsieh et al. 2006). For
histopathology, spleen, kidney, and liver of 16 sun-
fish and 5 carp were fixed in 4% neutral buffered for-
malin, processed for routine histology, and stained
with hematoxylin and eosin (H&E).

RESULTS

No mortality of carp occurred during our study. In
the challenged sunfish, mortalities occurred in all
groups within 24 h of injection. Cumulative mortality
reached 56.1% (23/41) in challenged sunfish, 25%

162



Lewisch et al.: Susceptibility of carp and sunfish to francisellosis

(4/16) in PBS-injected sunfish, and 6.25% (1/16) in
sunfish cohabitated with PBS-injected carp, 96 h p.i.
One additional mortality was recorded on Day 7 p.i.
in the group of sunfish cohabitated with challenged
carp (2 × 106 CFU ml−1). The mortalities did not corre-
late with infection dose (Fig. 1). Statistical analysis of
mortality rates between the groups was conducted
by Fisher’s exact test. The difference between chal-
lenged sunfish and all other groups of sunfish and
carp was significant (p < 0.05 for all comparisons).
Clinical findings of moribund sunfish included lethargy
and anorexia, swimming head down, tachypnea, fad-
ing of color, and skin hemorrhages (Fig. 2). These
signs were observed only during the first 4 d p.i.
After that, no other ailments and mortalities were ob -
served, except for the mortality on Day 7.

Necropsy of sunfish that died within 4 d p.i. revealed
unspecific signs of disease, including gill pallor, hy-
peremia of internal organs, and mild spleno megaly.
Some of the infected fish that were euthanized at dif-
ferent time points showed enlarged spleens (11 sun-
fish, 1 carp), hyperemia of internal organs (4 sunfish,
2 carp), enlarged head kidney (2 sunfish, 2 carp), or
melanin deposits in the kidney (1 sunfish). One carp

(2 × 107 CFU ml−1) developed macroscopic granulo-
mas in the kidney and 1 cohabitated sunfish had mi-
croscopic granulomas in the spleen (146 d p.i.). One
cohabitated sunfish (carp challenged with 2 × 108

CFU ml−1) showed macroscopic granulomas in the
spleen at 113 d p.i. There were no signs of disease in
carp during the whole experiment.

Gram stains of spleen and kidney imprints of sev-
eral sunfish showed intra-and extracellular Gram-
negative coccobacilli (Fig. 3). Fno was successfully
cultured from 6 sunfish and 3 carp specimens until
35 d p.i. In 1 carp (2 × 108 CFU, 35 d p.i.), the identity
of the bacterium was verified by PCR.

In fish that died within 4 d p.i., histological sections
of spleen and liver showed acute tissue necrosis with
no inflammatory response. In specimens sampled
later, vacuolated macrophages were observed proxi-
mal to melanomacrophage centers and blood vessels.

Granulomas were evident in the pos-
terior kidney of 1 challenged carp and
the spleen of 2 cohabitated sunfish
(Fig. 4). Except for 1 fish (2 × 106 CFU
ml−1), spleen and kidney of all chal-
lenged sunfish that died within the
first 4 d tested positive for Fno with
FLB-specific PCR (22/23). DNA sam-
ples from gills were positive in 2/2 (2 ×
108 CFU ml−1), 1/3 (2 × 107 CFU ml−1)
and 0/4 (2 × 106 CFU ml−1) tested

163

0

25

50

75

100

1 2 3 4

M
or

ta
lit

y 
(%

)

Days post-infection

SF/ID 2×106

SF/ID 2×107

SF/ID 2×108

Carp

Fig. 1. Cumulative mortality of challenged fish related to in-
fection dose (ID). Sunfish (SF) challenged with 2 × 107 CFU
ml−1: 76.9%; SF 2 × 106 CFU ml−1: 56.3%; SF 2 × 108 CFU 

ml−1: 33%. Carp Cyprinus carpio, all groups: 0%

Fig. 2. Sunfish Lepomis gibbosus (from challenge group 2 × 107 CFU ml–1) 72 h
after being injected with Francisella noatunensis subsp. orientalis. Note the

skin hemorrhages on the ventral body parts

Fig. 3. Spleen imprint of sunfish Lepomis gibbosus, Gram
stain, 48 h p.i. (from the group 2 × 107 CFU ml–1), showing
macrophage releasing Francisella noatunensis subsp. orien-

talis from a vacuole (arrow)
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 sunfish. In fish tested at different time points, DNA
extract from spleen of 5 of the remaining 8 sunfish
(62.5%) challenged with the highest dose tested pos-
itive until 143 d p.i. In the 2 other groups, only DNA

extract of spleen from 1/7 sunfish challenged with 2 ×
106 CFU ml−1 tested positive 111 d p.i. In carp, DNA
extract of spleen from 5/12 (41.67%) challenged with
the highest dose tested positive by FLB-specific PCR
until day 139 p.i. (Fig. 5). No carp of the other 2 chal-
lenge groups tested positive at any time point. Over-
all, 68.29% of challenged sunfish and only 12.2% of
challenged carp tested positive. None of the cohabi-
tated fish and none of the control fish tested  positive.

DISCUSSION

The aim of this study was to investigate the suscep-
tibility of native fish species to Fno and possible
transmission of the disease between sunfish and
carp. The choice of the 2 fish species was based on
the importance of carp as food fish in Austria and
around the world; sunfish were included as they are
sympatric with carp in Austria’s standing waters and
carp ponds. Sunfish were assumed to be susceptible
to Fno as they belong to the Percomorphaceae, the
same order as cichlids, which are known hosts. Tem-
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Fig. 4. H&E-stained sections from organs of sampled fish: (A) liver of challenged sunfish Lepomis gibbosus that died 48 h fol-
lowing injection with Francisella noatunensis subsp. orientalis, showing disseminated multifocal necrosis with  vacuolation of
hepatocytes and karyolysis (arrows). (B) Spleen of challenged sunfish (120 d post injection), showing accumulation of macro-
phages (*) around blood vessels and proximal to melanomacrophage centers (mc). (C) Spleen of sunfish  cohabitated with in-
fected carp Cyprinus carpio, showing different develop ment stages of granulomas (arrows). (D) Kidney of challenged carp 

showing a granuloma (g) with central necrosis surrounded by epitheloid macrophages and fibrous material
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Fig. 5. Evidence of Francisella noatunensis subsp. orientalis
DNA in sunfish Lepomis gibbosus (SF) and carp Cyprinus
carpio dependent on infection dose. Percent of SF chal-
lenged with 2 × 106 CFU ml−1: 56.25%; SF 2 × 107 CFU ml−1:
76.92%; SF 2 × 108 CFU ml−1: 75%; carp 2 × 108 CFU 

ml−1: 41.67%; all other groups 0%
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peratures in Austrian carp ponds often reach 24°C
during summer months, a regime that is conducive
for outbreaks of Fno-induced disease (Mauel et al.
2003, Soto et al. 2012a). Challenged sunfish showed
an overall mortality of 56.1% within the first 96 h p.i.
Compared to this, the number of mortalities due to
handling in the control group was significantly lower
(25.0%). In carp, no mortality occurred during the
entire study.

Mortality started as early as 24 h p.i. Previous work
has shown that for tilapia mortality rates can be 100%
in less than 48 to 72 h (Soto et al. 2009a), 86.7 ± 23%
in 5 d p.i. (Nguyen et al. 2016), or 90% between 20 h
and 8 d (Leal et al. 2014). In our study, mortality did
not correlate with the infection dose. This might be
attributed to individual immunological condition of
the fish as well as to the relatively small number of
fish in the groups. Mortality ceased after 96 h, which
possibly shows that the remaining fish effectively
overcame infection by an innate immune response.

Necropsy of the infected carp and sunfish did not
indicate death due specifically to the injection, with
general clinical signs of acute disease in accordance
with published observations during infection experi-
ments with Francisella sp. (Ostland et al. 2006, Soto
et al. 2009a,b, Vojtech et al. 2009). Formation of gran-
ulomas during the acute stage of the infection was
not observed. At later time points, we observed gran-
ulomas in spleens of 2 cohabitated sunfish, and in
kidney of 1 challenged carp. All 3 of these fish tested
negative in PCR. This is in accordance with the study
of Klinger-Bowen et al. (2016), who found that sev-
eral groups of Fno-challenged tilapia species devel-
oped granulomas without molecular and bacteriolog-
ical evidence of Fno. A possible explanation is the
relatively long time since infection and the very low
number of remaining bacteria. Other authors found
that in advanced cases, FLB-specific PCR was only
positive in 39% of cases that tested positive by in situ
hybridization (ISH) (Hsieh et al. 2007). However,
specimens used by those authors were archived, for-
malin-fixed, paraffin-embedded tissues, with possi-
ble DNA damage. In our experiment, ISH and real-
time PCR, as proposed by Soto et al. (2012b), would
be an excellent tool to clarify whether the granulo-
mas were caused by Fno, which would confirm trans-
mission of Fno from the carp to the sunfish. This issue
will be addressed in further studies.

Until 35 d p.i., we were able to culture Fno from
kidney and spleen of challenged sunfish and carp. In
1 carp, identity of the cultivated Fno was confirmed
by PCR. Fno DNA could be detected by PCR in
spleen, kidney, and gills in early-mortality sunfish,

and in spleen and kidneys of carp and sunfish up to
139 and 143 d p.i., respectively. This suggests that
bacteremia had taken place. While the sunfish were
sensitive to the infection during a very short initial
phase, the infection did not compromise the health
status of the carp.

The differences between sunfish and carp in mor-
tality due to Fno and evidence of Fno DNA detected
by PCR highlight adaptation of the bacterium to spe-
cific hosts. Other authors demonstrated different sus-
ceptibility of zebrafish and tilapia, and even of vari-
ous tilapia species under experimental conditions
(Vojtech et al. 2009, Soto et al. 2009b, 2013, Farrell et
al. 2014, Klinger-Bowen et al. 2016). In our study,
susceptibility of sunfish could be demonstrated
whereas carp were not susceptible to this particular
strain of Fno, and no transmission of the bacterium
between the 2 species could be demonstrated.
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