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Abstract

(Oncorhynchus mykiss) that is temperature-dependent, with up to 60% morbidity at water tempera-

Introduction
Red mark syndrome (RMS), also called cold 
water strawberry disease (CWSD) (Ferguson 

etiology (Adam, 2009; Lloyd, 2009; McCarthy 
et al., 2013). RMS is thought to be responsive 
to antibiotic treatment (Ferguson et al., 2006; 

not been published to date. RMS is character-

perpendicular to the lateral line. Typically, 
lesions appear at low water temperatures and 
are not seen above 16 (McCarthy et al., 2013). 
The disease is non-lethal, although morbid-

economic impact due to product downgrading, 
treatment costs and increased susceptibility to 

do not display behavioral changes (Oidtmann 

in Scotland in December 2003 (Adam, 2009). 

et al., 1985), Spain (Planas et al., 1993), Swit-
zerland and Austria (Schmidt-Posthaus et al., 
2009), Germany (Metselaar, 2010) and Turkey 

red mark syndrome in cultured rainbow trout 
(Oncorhynchus mykiss Walbaum, 1792) in Iran.
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Materials and methods

good condition and showed normal behavior. 

15°C. Water parameters were also checked regu-
larly and showed no unusual variation.

-

were taken.

spleen, gills, heart and gastrointestinal tract 

Sabz Co.), sectioned at 5 μm (Rotary Microtome 
RM2145; Leica) and stained with haematoxy-
lin–eosin (H&E). Antibiotic treatments were 
also done. Oral treatment with oxytetracycline 
(OTC) is used to manage the disease.

Results
No parasites were observed in skin, gills and the 
internal organs. Aerobic and anaerobic bacterial 

raised, ulcerative or non-ulcerative, between 5 
mm to several cm in diameter, usually on the 

-
-

cally, in mild cases, where there was minimal 
-

predominantly lymphocytes, were observed 
in scale pockets and below the stratum com-

the subdermal adipose tissue and the connec-
tive tissue surrounding the muscle bundles 

sections, multinucleated osteoclasts (Figure 

to have been completely resorbed. Oedema 
(Figure 2C), haemorrhage and small amounts 

-

and underlying musculature was seen, where 

the oral antibiotic (oxytetracycline) treatments.

Discussion

strawberry disease in the United States (US) 

geographic locations – where the epidermis is 
-
-

and musculature were observed in the current 
-
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Figure 1.  
. Epidermis (E), Dermis (D), scale 

(S) and underlying musculature (M) appear normal. (D) Lymphocytes are seen in the scale pocket and below 

Figure 2.

(D) Two multinucleated osteoclasts (arrows) are seen (H&E).
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2008; Kubilay et al., 2014). The principle histo-

-
casional neutrophils and lymphocytes within 

the dermis and underlying tissues (Peeler et al., 
2014). In contrast to RMS, prevalence and sever-

(Peeler et al., 2014). 
Red mark syndrome is characterised by the 

These lesions appear at low water temperatures 
(McCarthy et al., 2013). In our study, gross 
clinical lesions were seen below 15°C. These 
lesions were similar to previous studies (Vern-

Kubilay et al., 2014). Warm water strawberry 
disease (WWSD), which has long been known 
as ‘strawberry disease’ in the UK and France, 

-
tures >15°C and may be responsive to vitamin 

2008). Whereas CWSD lesions are characteris-

are raised, WWSD lesions are predominantly 
located on the ventrum, have a pinprick haem-
orrhagic appearance and are not raised. Scale 

but absent in WWSD lesions (Oidtmann et al., 
2013). The transmissible nature strongly sug-
gests that a pathogenic agent is involved in 

Fla-
vobacterium psychrophilum
organisms (RLO) have also been suggested as 
contributing to this condition; however, there 

are etiological agent(s) (Ferguson et al., 2006; 

2010). Similar to Schmidt-Posthaus et al. (2009) 

-

were similar to those previously described by 

-

RMS are characterised by osteoclastic resorption 

subdermal adipose tissue and the connective 
tissue surrounding the muscle bundles (McCa-

have been completely resorbed and multinucle-
ated osteoclasts could be seen associated with 
degenerating scales (McCarthy et al., 2013). In 
the present study, multinucleated osteoclasts 

have been completely resorbed by osteoclastic 

clinical signs, gross clinical presentation and 
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