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Abstract
In 2015, rainbow trout (Oncorhynchus mykiss

Nevado de Toluca”
body darkening, abdominal distension, and pale gills. Pure culture, splenic isolates were recovered 

Flavobacterium psychrophilum. These isolates were viru-
lent, representing a potential threat to O. mykiss
characterise F. psychrophilum O. mykiss.

Introduction
Flavobacterium psychrophilum
that causes bacterial cold water disease (BCWD) 

cause substantial economic losses to the salmo-
nid industry. Reported in many parts world-
wide (see review Nematollahi et al., 2003; Barnes 
and Brown, 2011), including recently Argen-

Rainbow trout (Oncorhynchus mykiss) produc-
tion in Mexico is dependent on imported eggs 

2013; CONAPESCA, 2013). For over a decade, 
BCWD and RTFS have been suspected, but 

-
ladares, 2015). 

UAEM
Resaltado



In 2015, rainbow trout mortalities occurred at a 

-
thalmia, body darkening, abdominal distension, 
and pale gills. Bacteria were obtained, and this 

F. psy-
chrophilum causing RTFS in Mexican O. mykiss.

Materials and methods
Specimens
In January 2015, an epizootic outbreak occurred 
in central Mexico in O. mykiss
in concrete ponds with untreated spring water 

hatched in another water source at a broodstock 

= 10) were given a benzocaine overdose, trans-
ported to the lab, and subjected to post-mortem, 
pathological, and bacteriological exams. 

Histology

tissue was sectioned at 5 mm and haematoxylin 
and eosin stained (Fernando et al., 1972). Sec-
tions were observed under an Olympus BH2 
light microscope.

Microbiology
Kidney and spleen scrapings were microscopi-
cally and microbiologically analysed. Slides 

and spleen bacterial samples were aseptically 
taken, streaked onto agar plates with Tryptone-

morphotype colonies were selected, streaked 
onto a new TYES plate to obtain pure cultures, 

Laboratories). 

henotyping
Isolates were phenotypically characterised (Ber-
nardet et al., 2002). The F. psychrophilum type 

T, was comparatively used. 
Biochemical reactions included colony morpholo-
gy and pigmentation; Gram staining; cytochrome 

H2O2); and cell morphology and gliding motil-
ity. Growth was tested in TYES under aerobic 

were hydrolysed using TYES media.

All phenotype tests were aerobically incubated 

-

F. psychrophilum isolates was determined on 

disk concentrations were tested (Oxoid, mg per 
-

linic acid (2) and ampicillin (10). The diameter 

R

isolates using the InstaGene Matrix (Bio-Rad) 
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F. psychrophi-
lum

Mastercycler Personal 
 and the GoTaq Green 

Master Mix Kit (Promega), which included all 

the DNA template. Negative controls used the 
same reaction mixture and sterile distilled water 

 The products were 

visualised with a 
Gel Stain (Biotium) and photographed under 
UV light. An AccuRuler 100-bp Plus DNA RTU 
ladder (Maestrogen) was used as a molecular 

F. psychrophilum.

Genetic characterisation
In epidemiology, many genomic typing 

F. psychrophilum. PCR assays, 

rRNA alleles, which can indicate polymor-
phisms or genetic lineages I and II distributions 
(Soule et al., 2005a). Two independent PCRs 

T

(RFLP) analysis was conducted using two 
primer pairs (Izumi et al., 2003); 1) a degener-
ate universal primer pair, GYR-1 and GYR-1R, 

F. psychrophi-
lum -

-
ing, and primer extension were carried out 
using published protocols (Izumi et al., 2003). 

F. psychrophilum 
was restriction enzyme digested with RsaI or 

HinfI endonucleases (New England BioLabs), 

horizontal electrophoresis.

Virulence tests
F. psychrophilum
investigate bacterial virulence capacity against 
healthy O. mykiss
mucus, skin, spleen, and kidney) were micro-
scopically, bacteriologically, and PCR assessed 

F. psychrophilum or other pathogens. 

tank) containing aerated dechlorinated water 

-

was intramuscularly injected with 0.1 mL (5 x 
107

injected with only TYES broth. All trials were 
oC, a pH 

tank water was changed bi-daily.

removed daily and microbiologically analysed 
F. psychrophilum-caused mortality. 

Kidney, spleen, and external lesions were di-
rectly streaked onto TYES plates and incubated 

cultures were obtained, biochemical and PCR 

Results and discussion 
Externally, O. mykiss exhibited body darkening, 
bilateral exophthalmia, and abdominal disten-



Ascites, generally pale internal organs, adher-

the spleen were also recorded. These results 
coincide with clinical RTFS (Bustos et al., 1995). 

-
ing, but not suppurative, pancreatitis and stea-
titis; necrotic myositis under the spleen, with 

Splenic wet mount and Gram staining micros-

-

trout colonies were recovered in mixed cultures. 
Two orange-yellowish bacterial isolates (Flavo-

were biochemically homogeneous and identical 
T, were used in biochemical and 

genetic assays. 

Phenotypically, all isolates were Gram-nega-
tive, long, slender rods with gliding motility 
that produced weak cytochrome oxidase and 
catalase reactions. All isolates contained a cell 

yellowish with entire edges, a raised and shiny 

-
cal traits are shown in Table 1. 

mm, respectively. In addition, as reported by 
F. psychrophilum (Henríquez-

generated produced any inhibition zones (<7 

For API ZYM, the detected enzyme numbers 
(i.e. 19) and activity levels were similar to the 
type strain. No enzymes were involved in car-
bohydrate metabolism, but were positive to al-

acid phosphatase, and naphtol-AS-BI-phospho-
hydrolase. Thus, the two recovered Mexican 

F. psychrophilum
Lorenzen and Olensen, 1997). 

the F. psychrophilum

F. psychrophilum

-
ing pathogen outbreaks, cross-transmission, 
geographical and host distributions, virulence, 
and vaccination programmes (Olive and Bean, 
1999). Ramsrud et al. (2007) proposed PCRs to 
type F. psychrophilum genetic lineages (I and 

(Soule et al., 2005a, b). Both F. psychrophilum 

genotypes B and R. There is also evidence that 
European and Chilean O. mykiss
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Figure 1. O. mykiss with (A) body darkening, bilateral exophthalmia (arrow) and abdominal distension 

Figure 2. Representative H&E-stained O. mykiss

arrows). Green arrow indicates epidermal tissue. Bar = 50 mm.



Table 1.
positive.

Characteristics Flavo-COS-042-15.1 Flavo-COS-042-15.2 NCIMB 1947T

Gram – – –
Morphology long rods long rods long rods
Motility gliding gliding gliding
Catalase w w w
Oxidase w w w
Flexirubin pigment + + +
Congo red adsorption – – –
Gro th at 

+ + +
10 + + +
15 + + +

+ + +
22 – – –
37 – – –
Gro th ith Na l 
0 + + +
1 – – –
3 – – –
5 – – –
7 – – –
10 – – –
Hy rolysis of
Aesculin – – –
Gelatine + + +

+ + +
Starch – – –

Genotypes using
PCR-RFLP

CSF-259-93 CSF-259-93 Both*

CSF-259-93 alleles (Soule et al., 2005b)
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genotypes (Izumi et al., 2003; Valdebenito and 
Avendaño-Herrera, 2009), suggesting Mexican 
F. psychrophilum

T and CSF-259-93) 

Valdebenito and Avendaño-Herrera, 2009).

F. psychrophilum
O. mykiss -

5, deep, ulcer-like wounds were present on 
the lateral side and inoculation site (data not 

control group had no mortalities.

F. psychrophilum -

but the lesion produced mixed cultures, which 
could be due to direct environment contact. 

-
lates as F. psychrophilum (Table 1), supporting 
pathogenicity.

-

new diseases in Mexico such as Francisellosis in 

F. psychrophilum 
as a causative outbreak agent in Mexican O. 
mykiss aquaculture. Severe clinical signs and 
mortalities indicate isolate virulence. Thus, F. 
psychrophilum represents a relevant potential 

O. mykiss 
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