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Summary: The aims of the study were to find out the presence of Flavobacterium psychrophilum (F. psychrophilum) in 
commercial Rainbow trout farms in Middle and Eastern Black Sea regions and to determine the antibiotic susceptibility profiles of 
the isolated strains. For this purpose, total of 276 fish samples were collected from 18 different farms in these regions between 
January 2008 and July 2010. Bacterial isolation from samples was performed by conventional microbiological methods. In addition, 
Polymerase Chain Reaction (PCR) was used to confirm the identification and to detect F. psychrophilum in tissue samples. Nine of 
fish tissue samples were found to be positive for F. psychrophilum by PCR. However, five F. psychrophilum strains were isolated 
from these samples and confirmed by PCR. The antibiotic resistance of the isolates against neomycine, oxytetracycline, enrofloxacin, 
amoxycillin, ampicillin, erythromycin, kanamycin, sulphamethoxazole+trimethoprim, cefoperazone and oxolinic acid were analyzed 
by Kirby Bauer agar disc diffusion test. The antibiotic susceptibility patterns of the isolates were variable. All the isolates were 
sensitive only to oxytetracyline (30 µg) and enrofloxacine (5 µg). 
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Orta ve Doğu Karadeniz Bölgesi gökkuşağı alabalığı çiftliklerinde (Oncorhynchus Mykiss Walbaum, 
1792) Flavobacterıum psychrophilum varlığının ve antibiyotik duyarlılıklarınının incelenmesi 

Özet: Bu çalışma, Orta ve Doğu Karadeniz bölgesinde bulunan ticari gökkuşağı alabalığı çiftliklerinde F. psychrophilum’un 
varlığının ve antibiyotik duyarlılıklarının belirlenmesi amacıyla yapılmıştır. Çalışma kapsamında Ocak 2008-Temmuz 2010 tarihleri 
arasında bölgedeki 18 farklı çiftlikten toplam 276 balık örneği toplandı. Örneklerden bakteri izolasyonu konvansiyonel 
mikrobiyolojik metotlar ile yapıldı. Elde edilen izolatların moleküler olarak doğrulanmasında ve doku örneklerinden etkenin 
saptanmasında Polimeraz Zincir Reaksiyonu (PZR) kullanıldı. Balık dokularının dokuzunun PZR ile pozitif sonuç verdiği saptandı. 
Bu dokuların beşinden F. psychrophilum izole edildi ve PZR ile doğrulandı. İzolatların neomisin, oksitetrasiklin, enrofloksasin, 
amoksilin, ampisilin, eritromisin, kanamisin, sulfametoksazol+trimetoprim, sefoperazon ve oksolinik asit antibiyotiklerine karşı 
direnç durumu, Kirby Bauer agar disk diffüzyon yöntemi ile araştırıldı. Antibiyotik duyarlılık profilinin değişken olduğu görüldü. 
İzolatların tamamının oksitetrasiklin ve enrofloksasin antibiyotiklerine karşı duyarlı olduğu belirlendi. 

Anahtar sözcükler: Antibiyotik duyarlılığı, F. pscychrophilum, identifikasyon, PCR. 
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Introduction 
Flavobacterium psychrophilum is the causative 

agent of bacterial cold water disease (BCWD) and 
rainbow trout fry syndrome (RTFS) (26) which both are 
important infectious diseases in farmed fish (13, 21). F. 
psychrophilum is a Gram negative flexible, slender rod 
shaped bacteria (26) that produces non-diffusible yellow 
pigment on agar medium (12). F. psychrophilum strains 
generally shows a slow gliding motility (26). The 

optimum growth temperature of the agent is 15˚C (13) 
and it can not grow above 25˚C (29). The pathogen was 
first isolated from juvenile coho salmon (Oncorhynchus 
kisutc) in 1948 in USA (5). The causative agent of the 
disease has been isolated from most areas of the world 
such as Australia, Belgium, Canada, Chile, Denmark, 
Finland, France, Italy, Japan, Korea, Spain, Sweden and 
United Kingdom (8, 12, 26) and its economical 
importance in aquaculture of freshwater salmonid is 
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emphasized all over the world (24, 26). In Turkey, F. 
psychrophilum was isolated from rainbow trout farms in 
Aegean, Marmara, Mediterranean, Center Anatolia and 
Eastern Anatolia (11, 14, 18, 19). The first F. 
psychrophilum isolation from fish with rainbow trout fry 
has been performed by Balta (3) in Aegean region. 

There is no commercial vaccine for preventing F. 
psychrophilum diseases (30). Therefore, good preventive 
management of disease usually depends on early and 
accurate diagnosis of infection and to combat F. 
psychrophilum infections, the most effective way is 
correct antibiotic therapy (26). There are some 
difficulties for detection and identification of causative 
agent because of its fastidious feature, lack of selective 
media, being weakly reactive in some biochemical tests 
(2, 22). Therefore the diagnosis of the disease by 
conventional methods based on phenotypic characteristics 
is laborious and time consuming. Furthermore, these 
techniques generally lack sensitivity to allow the 
detection of low levels of F. psychrophilum from various 
sources (33). While taking into consideration these 
disadvantages, it is clear that faster and more sensitive 
techniques to detect F. psychrophilum present in small 
numbers in tissues and to assess the epidemiology of 
agent are needed. Polymerase Chain Reaction (PCR) has 
been reported as a sensitive technique which is suitable 
to detect F. psychrophilum from environment and fish 
tissues (15, 16, 32, 33).  

In Turkey, trout (inland water) is the most widely 
grown as coldwater fish and has the highest production 
rate with 47.6% in aquaculture (31). The objectives of 
this study were to find out the presence of F. 
psychrophilum infections in commercial rainbow trout 
farms in middle and eastern Black Sea regions of Turkey 
and to determine the antibiotic resistance profiles of 
isolated strains. 

 
Materials and Methods 

Sample collection: Fish samples were collected 
from 18 different commercial rainbow trout farms (4 
farms have hatchery unit) in Samsun, Sinop, Ordu, 
Trabzon and Rize provinces in Middle and Eastern Black 
Sea regions between January 2008-July 2010. Samples 
were collected from ponds that were suspected to include 
diseased fishes. A total of 276 rainbow trout of various 
sizes (2 to 400 g) were taken for microbiological 
analyses.  

Isolation and identification of F. psychrophilum by 
conventional methods: Cytophaga Agar (CA, 0.05% 
tryptone, 0.05% yeast extract, 0.02% sodium acetate, 
0.02% beef extract with 0.9% agar, pH 7.2-7.4) (1) was 
used for culturing of F. psychrophilum. Samples from 
internal organs (spleen, liver, kidney and heart), damaged 
gill tissue and, if present, skin lesions of fish body 

surface were streaked onto CA plates directly and 
incubated at 18°C for 4-7 days. After incubation period, 
yellow-pigmented colonies were chosen and restreaked 
on the CA to obtain pure isolates. Colonies were tested 
for Gram staining, presence of flexirubin type pigment, 
cytochrome oxidase activity, catalase production and 
motility (21). Gram negative rod shaped, gliding 
motility, production of flexirubin type pigment were 
taken for identification and further characterization. 

Identification of F. psychrophilum by PCR: DNA 
was extracted from the isolates and fish tissues using a 
commercial extraction kit (Qiagen, Cat. No.69506) 
according to manufacturer’s instructions. The extracted 
DNA was amplified using oligonucleotide primer set 
specific for F. psychrophilum (32). The sequences of two 
primers were FP1 (5’-GTTAGTTGGCATCAACAC-3’ 
and FP2 (5’-TCGATCCTACTTGCGTAG-3’). For 
amplification, 25 µl of PCR master mix containing 
DEPC-treated water, 1 x PCR Buffer, 1.6 mM of MgCl2, 
0.2 mM of each dNTP, 1.0 U of Taq polymerase, 1µM of 
each primer and 5 µl of template DNA was prepared. The 
oligonucleotides and enzyme used for PCR assay were 
supplied by Fermentas Inc. (Lithuania). The amplification 
was carried out with the following conditions: an initial 
denaturation step at 95°C for 5 min, followed by 35 
cycles of amplification (denaturation at 94°C for 30 s, 
annealing at 60°C for 1 min, and extension at 72°C for 1 
min) and a final elongation period at 72°C for 10 min. 
The amplicons were transferred to 1.5% agarose gel and 
electrophoresed. DNA bands were stained with ethidium 
bromide (2 μg/ml) and visualized by an UV 
transilluminator. The bands at the molecular size of 
approximately 1088 bp were considered as positive for F. 
psychrophilum. F. psychrophilum ATCC (R) 93-11 
49510 FXBT and F. columnare ATCC 49512 strains 
were used as positive and negative controls, respectively. 

Antibiotic susceptibility test: Antibiotic susceptibility 
test was performed to determine the antibiotic resistant 
profiles of F. psychrophilum isolates using the Kirby-
Bauer disc diffusion method (4). Antibiotic discs (Oxoid, 
England) of neomycin (30 μg), oxytetracycline (30 μg), 
enrofloxacin (5 μg), amoxicillin (10 μg), ampicillin (10 
μg), erythromycin (15 μg), sulphamethoxazole+ 
trimethoprim (23.75+1.25 μg), kanamycin (30 μg), 
cefoperazone (75 μg), oxolinic acid (2 μg) were used for 
determining the resistance profiles. Briefly, Cytophaga 
Broth (CB) was used to prepare bacterial suspensions. 
The turbidity of suspensions was adjusted as Mac 
Farland 0.5 and 100 μl of aliquots were spread over CA 
surface. Antibiotic disks were placed on the surface of 
the inoculated agar plates and the plates were incubated 
at 18°C for 3-5 days. After incubation period, the 
antibiotic inhibition zone diameters were measured and 
the results were evaluated according to the NCCLS (25).  
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Results 
Isolation and identification of F. psychrophilum: A 

total of 38 Gram negative, long and thin bacilli showing 
gliding movement and flexirubin type pigment 
production were isolated from samples (one isolate from 
liver and others from gills). These isolates were then 
tested by some biochemical tests such as catalase, 
cytochrome oxidase, ONPG, H2S and esculin tests. A 
total of 12 (31.57%) isolates which were found as weakly 
positive for catalase and cytochrome oxidase, negative 
for ONPG, H2S and esculin were identified as suspicious 
for F. psychrophilum and identification was confirmed 
by PCR.  

Confirmation of the identification by PCR: In the 
PCR analysis of 12 isolates identified phenotypically, 
five were determined as positive. Moreover, in direct 
PCR analysis of tissue mixtures (including also the 
tissues from which F. psychrophilum strains were 
isolated), nine were found positive for F. psychrophilum 
(Fig.1).  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. F. psychrophilum specific PCR, 1088 bp. M; 
Molecular weight standard (100-1500 bp) 1; F. psychrophilum 
ATCC 49510, 2-4; F. psychrophilum isolates, 5; F. 
psychrophilum positive tissue sample, 6; F. columnare ATCC 
49512 
Şekil 1. F. psychrophilum spesifik PCR, 1088 bp. M; Molecular 
ağırlık standardı (100-1500 bp) 1; F. psychrophilum ATCC 
49510, 2-4; F. psychrophilum izolatları, 5; F. psychrophilum 
pozitif doku örneği, 6; F. columnare ATCC 49512 

 
 
Of five isolates confirmed as F. psychrophilum by 

PCR, one was isolated from liver and four were isolated 
from gills. The only isolate from liver was obtained from 
farm 15. However, two tissue mix samples (including the 
sample tissue from which the isolation was performed) 
which were collected from farm 15 were found to be 
positive in the PCR analysis. All the isolates obtained 
from gill samples were originated from farm 17. Among 
11 tissue samples in this farm, five were found to be 
positive for F. psychrophilum by PCR. Moreover, while 
no isolation was made from the samples in farm 13, two 
fish tissue samples were detected to be positive for F. 
psychrophilum by PCR (Table 1).  

Table 1. Isolation and PCR detection of F. psychrophilum from 
fish samples collected from various ponds with different water 
temperature 
Tablo 1. Farklı su sıcaklığına sahip havuzlardan toplanan balık 
örneklerinden F. psychrophilum’un izolasyonu ve PCR ile 
belirlenmesi  

Fish 
farm 
no. 

Water 
temperature

Sample 
number 

Number of  
strains isolated 
from samples 

Number of 
PCR positive 
tissue samples

1 19.5 7 0 0 
2 11.7 15 0 0 
3 11.8 27 0 0 
4 13.0 16 0 0 
5 9.2 25 0 0 
6 7.5 24 0 0 
7 10.5 18 0 0 
8 9.6 14 0 0 
9 12.1 12 0 0 
10 9.3 13 0 0 
11 9.2 19 0 0 
12 11.7 22 0 0 
13 6.2 15 0 2 
14 8.0 16 0 0 
15 7.2 6 1 2 
16 15.0 8 0 0 
17 8 11 4 5 
18 13.3 8 0 0 

Total  276 5 9 
 
 
Table 2. Antibiotic susceptibility profiles of F. psychrophilum 
isolates 
Tablo 2. F. psychrophilum izolatlarının antibiyotik duyarlılık 
profilleri 
  Strain No 
Antibiotic Disc 1 2 3 4 5 
Neomycin 30 μg  R R R R R 
Oxytetracyclin 30 μg  S S S S S 
Enrofloxacin 5 μg  S S S S S 
Amoxicillin 10 μg  R R R R R 
Ampicillin 10 μg  R R R R R 
Erythromycin 15 μg  S R R R R 
Kanamycin 30 μg  R R R R R 
Cefoperazone 75 μg  R S S S R 
Oxolinic acid 2 μg  S S R S S 
Sulphamethoxazole+ 
Trimetoprim 23.75+1.25 μg S S R S S 

R, resistant; S, susceptible 
 
The primer pair of FP1 and FP2 generated a 

fragment of identical size (1088 bp) from all tested 
strains of F. psychrophilum including the reference strain 
F. psychrophilum ATCC (R) 93-11 49510 FXBT. This 
specific band was not detected when DNA from F. 
columnare ATCC 49512 strain was used. 

Antibiotic susceptibility test: All five (100%) F. 
psychrophilum isolates were found to be sensitive to 
oxytetracyclin and enrofloxacin, but resistant to 
kanamycin, ampicillin, amoxicillin and neomycin. 
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Among these isolates only one strain (strain no 1) (20%) 
was sensitive to erythromycin. On the other hand, only 
one isolate (strain no 3) (20%) was found to be resistant 
to oxolinic acid and sulphamethoxazole+trimetophrim. 
Besides, two isolates (strain no 1 and 5) (40%) were 
resistant to cefoperazone (Table 2). 

 
Discussion and Conclusion 

RTFS and BCWD caused by F. psychrophilum are 
responsible for significant economic losses in salmonid 
culture (26). In Turkey, F. psychrophilum has first been 
isolated from rainbow trout in 1997 (3). Later, the agent 
has shown wide distribution among various geographical 
regions of Turkey (6, 10, 11, 17, 18, 19, 20).  

In Turkey, there is no specific regional study 
investigating the epidemiology of F. psychrophilum. 
However, in a local survey that has been performed in 
South of the Black Sea, only one (0.2%) F. 
psychrophilum has been isolated from 558 fish samples 
by conventional microbiological methods (17). In the 
present study, five (1.8%) F. psychrophilum strains were 
isolated from 276 fish samples in farms located in the 
Middle and Eastern Black Sea. Furthermore, F. 
psychrophilum was identified in nine (3.2%) tissue 
samples by PCR. These results indicate that F. 
psychrophilum was presented at low levels in these 
regions. However, when compared to the year 2009, it 
was observed that the prevalence of the agent in those 
regions is tends to increase. Therefore, large-scaled 
studies understanding epidemiology of the agent and 
developing effective control strategies are needed.  

Several studies (12, 23) have shown that F. 
psychrophilum strains are highly homogeneous 
phenotypically. In this study, also it was observed that all 
five isolates showed high level of homogeneity in their 
biochemical and morphological characteristics. Moreover, 
the phenotypic characteristics of these strains were similar 
to those identified in previous studies (21, 23, 34).  

The growing economic importance of aquaculture 
in the world has led to increase interest in the rapid and 
reliable methods for detection and identification of 
bacterial fish pathogens (27). The detection of F. 
psychrophilum by conventional techniques is difficult 
and time-consuming. These methods have also relatively 
low sensitivity for detection of the agent especially in 
carrier fish. PCR, one of the molecular based methods, is 
used as a specific, sensitive and rapid method to detect 
the agent in fish tissues. Wiklund et al. (33) have 
reported that a PCR protocol using PSY1 and PSY2 
primers for detection of F. psychrophilum in infected 
rainbow trout was more sensitive than agar culture. 
Urdaci et al. (32), have designed two primers, FP1 and 
FP2, considering two variable regions in 16S rRNA 
sequence for detection of F. psychrophilum. The 
specifity of these primers has been determined using 

different F. psychrophilum strains and taxonomically 
related species. They have observed a 1088 bp product 
specific for F. psychrophilum. Similarly, in the PCR 
analysis based on FP1 and FP2 primers which were used 
to confirm the identification of F. psychrophilum strains 
and also to detect the agent in fish tissues directly, 
amplification products at the size of approximately 1088 
bp were observed in current study. Five isolates were 
confirmed as F. psychrophilum and the agent was 
detected in four fish tissues also in addition to those from 
which the isolations were made. Michel et al. (24) have 
reported that in some cases, isolation was not possible 
from infected tissues due to the presence of viable but 
non-cultivable cells. In this study, this may be one of the 
reasons why we could not isolate F. psychrophilum, 
though the agent was detected in tissues by PCR in farm 
13. Furthermore, it should not be ignored that 
unconscious use of antibiotics in fish farms may lead to 
inhibit the bacterial growth. The results in the present 
study also showed that PCR was more sensitive than 
conventional microbiological methods and it can be used 
to detect F. psychrophilum which is difficult to culture 
and to detect carrier fishes especially.  

Several studies have been performed to determine 
the antibiotic resistance profiles of F. psychrophilum in 
various regions of Turkey and quite variable profiles 
have been observed. Balta (3) has reported that F. 
psychrophilum was sensitive to nitrofurans but resistant 
to flumequin, sulphanamids and oxolinic acid. Diler et al. 
(11) have reported that, two F. psychrophilum isolates were 
sensitive to amoxicillin-clavulanic acid, oxytetracycline 
and gentamicin but resistant to trimethoprim. In another 
study, five F. psychrophilum strains isolated from 
rainbow trout farms (five different farms) in Eastern 
Anatolia have been reported to be sensitive to 
oxytetracycline, erythromycin, gentamicin, nitrofuran 
and amoxicillin-clavulanic acid, but resistant to 
chloramphenicol and penicillin (14). Boyacıoğlu (6) has 
reported that 20 F. psychrophilum strains isolated from 
an outbreak in Muğla province are resistant to ampicillin 
(95%), sulphamethoxazole (95%), erythromycin (45%) 
and oxytetracycline (20%) but sensitive to enrofloxacin 
(100%). Different techniques have been used to evaluate 
antibiotic resistance profile in several studies. In 
Mediterranean Region, 13 F. psychrophilum strains 
isolated from different outbreaks have been found to be 
resistant to enrofloxacin (23%), amoxicillin (46.2%), 
erythromycin (61.5%), kanamycin (30.8%), cefoperazone 
(46.2%) and oxolinic acid (53.8%) using MINI API 
system (10). Kum et al. (20) have determined the 
antibiotic resistance profiles of 20 F. psychrophilum 
strains isolated from four different hatcheries in Eastern 
Aegean both by disc diffusion and agar dilution 
techniques and have found the discrepancies between 
testing methods. In this study, all F. psychrophilum 
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isolates were found to be resistant to neomycin, 
ampicillin, amoxicillin and kanamycin. Furthermore, 
80%, 40%, 20% and 20% of these isolates were found to 
be resistant to erythromycin, cefaperazone, oxolinic acid 
and sulphamethaxazole+trimetoprim, respectively. However 
all the strains were 100% sensitive to oxytetracycline and 
enrofloxacin. It was considered that these variable 
resistance profiles may be due to the widely use of 
different antibiotics or to differences among the strains.  

Several studies carried out in different countries 
have also showed the differences in resistance profiles 
among F. psychrophilum isolates. Valdebenito and 
Avendano-Herrera (34) have found that 20 F. 
psychrophilum isolates from Chile were resistant to 
sulphamethoxazole+trimethoprim, but highly sensitive to 
amoxicillin using agar disc diffusion test. In Denmark, 
387 F. psychrophilum isolates have been found to be 
resistant to amoxicillin (11.6%), oxolinic acid (65.9%), 
oxytetracycline (67.7%) and sulphamethoxazole+ 
trimethoprim (98.2%) in microdilution test (7). In 
another study (9), 25 F. psychrophilum isolates 
originated from Spain have been found as resistant to 
oxytetracycline (>80%) by using broth macrodilution 
method. The findings of the present study were not in 
agreement with these of the above mentioned. However, 
Rangdale et al. (28) have reported the similar results to 
the current study with respect to sensitivity to 
enrofloxacin. The differences in antibiotic resistance 
profiles of F. psychrophilum may be due to the use of 
different techniques or strain variations. 

In conclusion, F. psychrophilum was detected in 
commercial rainbow trout farms in the Middle and the 
Eastern Black Sea by both culture and PCR techniques. 
The antibiotic resistance profiles of the isolates were 
determined via disc diffusion tests. It was concluded that 
the PCR was more robust than cultural techniques 
especially for screening and detection of F. psychrophilum. 
Furthermore, to prevent possible economic losses due to 
F. psychrophilum infections, a monitoring program 
should be undertaken. 
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