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ABSTRACT 

 

Red mark syndrome (RMS) is a skin pathology affecting farmed rainbow trouts (Oncorhynchus 

mykiss) (Walbaum) that consists of bright red skin lesions on the flanks of the trunk of affected fish. 

The economical loss caused by RMS can be important. Multiple lines ofPCR and histopathological  

evidence indicate that this pathology could be caused by an  single infectious agent, possibly a 

bacterium of the family Midichloriaceae (order Rickettsiales). Here we present a novel Real Time 

PCR method, useful to quantify the presence of this bacterium in fresh skin and organs but also in 

samples fixed on glass slides. The method was used to investigate the presence of the 

Midichloriaceae bacterium in samples from 14 fish individuals, obtained from three farms in Scotland. 

Positivity was obtained for all the examined skin lesions, but also for some samples of apparently 

healthy skin from affected fish, and from different organs of affected pathological fish. We were thus 

able to conclude that the putative aetiological agent of RMS is not only localized in the skin lesion, 

but can be detected in different organs of affected fish, suggesting a possible diffusion during the 

course of the pathology. 
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SHORT COMMUNICATION 

 

Red mark syndrome (RMS) is a chronic skin disease of unknown aetiology affecting farmed rainbow 

trout (Oncorhynchus mykiss, (Walbaum 1792) in Europe. It consists of single or multiple skin lesions 

usually localized on the trunk of fish approaching market size. RMS was first reported in Scotland in 

2003 but has subsequently been observed in other European countries, including Italy (Verner-

Jeffreys et al. 2008; Schmidt-Posthaus et al. 2009). This disease is generally associated with 

breeding water temperatures below 16°C and can still be present at 2°C (Verner-Jeffreys et al. 2008; 

McCarthy et al. 2013). RMS causes bright red lesions that tend to heal spontaneously, with  within 

6-8 weeks, with no effects on weight or behaviour and the healing time seems to be associated with 

the water temperature (Ferguson et al. 2006). Histologically, severe lymphohistiocytic dermatitis is 

reported with scale resorption (Ferguson et al. 2006; Noguera, 2008; Verner-Jeffreys et al. 2008; 

Schmidt-Posthaus et al. 2009). In some RMS affected individuals, acute necrotizing myocarditis, 

inflammation of intestinal muscle, splenic congestion, peritonitis and perivascular lymphocyte 

infiltrate can be observed (Oidtmann et al. 2013). Although RMS is not lethal, its morbidity can reach 

up to 60% in fish culture and can thus cause important economic losses, due to downgrading of the 

product (Schmidt-Posthaus et al. 2009; Oidtmann et al. 2013). In the United States a similar 

pathology condition of O. mykiss is known as strawberry disease (SD) and the skin symptoms 

pathology associated with it resembles those that of RMS. 

No aetiological agent has been unequivocally identified for RMS or for SD, however although 

different authors suggest that a single transmissible agent could be responsible for both (Lloyd et al. 

2011). Oman (1990) reported experimental infection through inoculation with SD lesion homogenate 

(Lloyd et al. 2008). Ferguson et al. (2006) suggested a possible association with Flavobacterium 

psychrophilum but no data confirmed this hypothesis. Experimental cohabitation between fish 

affected by RMS and naïve ones demonstrated the transmissibility of this pathology (Verner-Jeffreys 

et al. 2008). Moreover, histological analysis showed acute inflammation in the area of the skin lesion 

with the presence of neutrophils and protein oedema (Metselaar et al. 2010) suggesting a bacterial 

infection. Galeotti et al. (2011) reported the presence, in the cytoplasm of macrophages, of morula-



type structures (typical in some Rickettsiales) in the spleen of rainbow trout individuals affected by 

RMS.  

Lloyd et al. (2008) presented PCR evidence for the presence of a Rickettsia-like organism (RLO) 

associated with SD skin lesions; subsequent studies on RMS detected the same DNA sequence in 

the lesion (Metselaar et al. 2010). Later a positive correlation between the quantity of RLO bacteria 

and the severity of the SD skin lesions has been reported (Lloyd et al. 2011). 

The 16S rDNA sequence of the RLO bacterium associated with RMS/SD lesions was included in a 

phylogenetic study that showed it to belong to the recently described family Midichloriaceae, within 

the order Rickettsiales (Montagna et al. 2013). In ecological terms, the Midichloriaceae family 

presents a wide range of hosts, from ciliate protists to parasitic arthropods and marine organisms 

(Cnidaria and Porifera). Furthermore, there is evidence that the type species of the family, Midichloria 

mitochondrii (symbiont of the tick Ixodes ricinus) is infectious to vertebrates (Mariconti et al. 2012; 

Bazzocchi et al. 2013). The presence of Midichloriaceae in aquatic hosts and the infectivity of M. 

mitochondrii suggest that Midichloria-like organisms (MLO) could be responsible for pathologies, 

such as RMS and SD in O. mykiss (Lloyd et al. 2008; Lloyd et al. 2011). 

 

Here we present a novel specific method for absolute quantification of the MLO associated with RMS 

in O. mykiss, based on a quantitative Sybr-green Real Time PCR approach (qPCR - iQ5, BioRad). 

Furthermore, we show the first evidence of the presence of this MLO in organs (heart, liver, spleen, 

intestine, kidney) of affected fish. 

 

In order to investigate the presence of the MLO in O. mykiss, we collected a set of samples from 

three farm sites (A, B and C) located in Scotland. The sites are operated independently and are well 

separated geographically, without any transfer of eggs, fish or equipment. A and B are pond sites 

while C is a loch site. Samples were i) a fragment of skin lesion from one individual from site A 

strongly affected by RMS and used as positive control (F1); ii) sections of tissues from two RMS 

positive individuals (F2 and F3) from site A with different severity in lesions; iii) skin and organ 

fragments from one O. mykiss individual from a RMS free site (named D), used as negative control 



(F4); iv) skin (healthy and with lesion, when present) and organ samples from six individuals from 

site B (F5-F10), four of which were visibly affected by RMS (F7-F10); v) skin (healthy and with lesion, 

when present) and organ samples from four individuals from farm C (F11-F14), three of which were 

visibly affected by RMS (F12-F14). (See Table 1 for a description of all skin and organ samples). 

Skin and organ samples from fish F2 and F3 were fixed in formalin for 24 h. Following routine 

processing for histology, 3 µm sections were placed on Polysine slides and dried overnight at 45°C 

before use. The severity of lesions and the health of the skin were evaluated after hematoxylin and 

eosin staining of histological sections (Fig. 1). 

In normal rainbow trout skin, the stratum compactum of the dermis was seen as a dense layer of 

collagen fibres underlying the stratum spongiosum (Fig. 1b), which is loose connective tissue 

containing the scale pockets. The epidermis, a non-keratinised, stratified, squamous epithelium, was 

separated from the dermis by the basement membrane. Between the dermis and the subcutaneous 

muscle was the hypodermis, containing loose connective tissue and fat cells (Fig. 1b). 

Chromatophores (pigmented cells) were visible in the stratum spongiosum and the hypodermis. 

Early lesions appeared as lymphocytic infiltration in the stratum spongiosum immediately 

surrounding the scale pockets, becoming more pronounced as the lesion progressed, with infiltration 

directly below the dermis and spreading into the stratum compactum (Fig. 1c). In more advanced 

lesions, infiltration was seen throughout the dermis and sometimes extending into the epidermis (Fig. 

1f). In some fish sampled during the summer, evidence of infiltration was apparent even in skin which 

appeared grossly normal (Fig. 1e).  

 

DNA from fresh samples (F1 and F4-F14) was extracted using the DNeasy Blood and Tissue kit 

(Qiagen). DNA from glass slides (F2 and F3) was extracted using the QIAmp DNA Investigator kit 

(Qiagen). A previously obtained alignment of Midichloriaceae 16SrDNA (Montagna et al. 2013) was 

used to design a specific primer set to amplify the 16S rDNA of the MLO previously detected in 

lesions of RMS/SD affected fish, targeting a variable region of the gene (16SrDNA-F: 

GCGGTTATCTGGGCAGTC and 16SrDNA-R: TGCGACACGAAACCTAAG; amplification size: 127 

bp). Qualitative PCR was performed (95 °C for 15 s and 60 °C for 30 s for 40 times; final primers 



concentration: 250nM) on F1 to evaluate the specificity of the amplification. PCR product was purified 

and cloned into the pGEM®-T Easy Vector (Promega). Ten resulting clones were purified and 

sequenced confirming the specificity of the amplification. A fragment of the O. mykiss insulin growth 

factor I (igf1) gene was amplified as described by Lloyd et al. (2011). This PCR product was cloned 

into the pGEM®-T Easy Vector also. One clone for each target (16S rDNA and igf1) was used as 

standard for setting up qPCR reactions. Plasmids containing the target genes were serially diluted 

from 109 copies μl-1 to 1 copy μl-1 to evaluate the efficiency (16S rDNA: 105%; igf1: 101%) and the 

detection limit of each PCR protocol (10 copies in both cases). PCR conditions for both genes were: 

95 °C for 2 m, 40 cycles at 95 °C for 15 s and at 60 °C for 30 s, melt curve from 55 °C to 95 °C with 

increments of 0.5 °C per cycle; final primers concentration: 250nM. qPCRs were performed on each 

DNA sample in triplicate. Number of MLO 16S rDNA and host igf1 gene copies were obtained 

through a comparison of the qPCR results of each sample with those of serial dilutions of purified 

plasmid (containing known copy numbers). Melting curves showed the presence of specific amplified 

fragments belonging to the target sequences confirming the specificity of the method. Results were 

expressed as the ratio of 16S rDNA/igf1 x 1000. 

 

This method was set up on F1 and validated on fixed tissue sections from early stage lesion (F2) 

and advanced stage lesion (F3). F2 and F3 skin lesions were positive for the presence of MLO 

bacteria as shown in Fig. 2. No detectable presence of MLO was observed in F2 and F3 healthy skin 

and in organ samples from F4 (negative control). Moreover, the amount of bacteria detected in the 

F3 skin lesion was higher than in F2 in accordance with histological results that showed a different 

severity of lesions in the two fish. All analysed organs from both F2 and F3 were positive, with an 

amount of bacteria higher in spleen and liver with respect to kidney, heart and intestine (Fig 2).  

The qPCR method was then tested on healthy skin, on lesions when present, and on organ  samples 

from ten fish coming from two different farms. Table 1 shows the qPCR results expressed as 16S 

rDNA/igf1 x 1000. qPCR on samples from fish F5, F6 and F11, considered healthy at initial 

inspection, did not detect presence of MLO. In 57% of pathological samples from sites B and C (4/7), 

spleen was positive for the presence of MLO and in 43% of affected individuals (3/7) liver was 



positive. Kidney did not show any positivity for the presence of MLO in any analysed fish. Skin lesions 

were positive in all the affected fish while 28% skin samples (2/7) with no visible lesions (healthy 

skin) of pathological fish were positive. See Table 1 for all qPCR results.  

 

We were not able to find a correlation in single fish, or among the samples, between the quantity of 

bacteria present in the lesions and the quantity detected in positive organs. This result may indicate 

that distribution of the MLO may not be homogeneous in the fish, or that the dynamics of the infection 

in the various organs are not simultaneous. The negativity to MLO of kidneys obtained from fresh 

samples could thus be attributed either to the above explanation or to the sensitivity of the qPCR 

method (10 copies μl-1 of 16SrDNA gene). Additional studies, focused on monitoring the different 

stages of the pathology, could give more clues on theseis issues. Positive results in apparently 

healthy skin, from diseased fish, could suggest a possible spread of the pathology and could 

represent the beginning of the infection in the analysed skin section.  

 

Our work shows that the MLO putatively responsible for RMS is not only localized in skin lesions of 

RMS affected fish, but can invade various organs, and can be detected in skin sections that do not 

present pathological alterations. As spleen and liver in both samples showed the highest 16S 

rDNA/igf1 ratio values, this can lead to the hypothesis that melano-macrophages in spleen and liver 

could be primarily involved in the elimination of the MLO. Even though our data show a molecular 

evidence to support an association of this bacterium with RMS, further studies are needed to prove 

if this bacterium is actually involved in the pathology. 

 



REFERENCES 

 

Bazzocchi, C., Mariconti, M., Sassera, D., Rinaldi, L., Martin, E., Cringoli, G., Urbanelli, S., Genchi, 

C., Bandi, C. & Epis, S. (2013) Molecular and serological evidence for the circulation of the tick 

symbiont Midichloria (Rickettsiales: Midichloriaceae) in different mammalian species. Parasites and 

Vectors, 6, 350. 

Ferguson, H.W., Girons, A., Rizgalla, G., LaPatra, S., Branson, E.J., Mackenzie, K., Davies, M., 

Collins, R.O., Diab, A. & Crumlish, M. (2006) Strawberry disease in rainbow trout in Scotland: 

pathology and association with Flavobacterium psychrophilum. Veterinary Record, 158, 630-632. 

Galeotti, M., Giavenni, R., Volpatti, D., Beraldo, P. & Feist S.W. (2011) Red mark syndrome/cold 

water strawberry disease: emergence in Italy and histopathological investigations. In: 15th 

International Conference of the European Association of Fish Pathologists, Split, Croatia. 

Lloyd, S.J., LaPatra, S.E., Snekvik, K.R., St-Hilaire, S., Cain, K.D. & Call, D.R. (2008) Strawberry 

disease lesions in rainbow trout from southern Idaho are associated with DNA from a Rickettsia-like 

organism. Diseases of Aquatic Organisms, 82, 111-118. 

Mariconti, M., Epis, S., Gaibani, P., Valle, C.D., Sassera, D., Tomao, P., Fabbi, M., Castelli, F., 

Marone, P., Sambri, V., Bazzocchi, C. & Bandi, C. (2012) Humans parasitized by the hard tick Ixodes 

ricinus are seropositive to Midichloria mitochondrii: is Midichloria a novel pathogen, or just a marker 

of tick bite? Pathogens and Global Health, 106, 391-396. 

McCarthy, U., Casadei, E., Wang, T. & Secombes, C.J. (2013) Red mark syndrome in rainbow trout 

Oncorhynchus mykiss: investigation of immune responses in lesions using histology, 

immunohistochemistry and analysis of immune gene expression. Fish & Shellfish Immunology, 34, 

1119-1130. 

Metselaar, M., Thompson, K.D., Gratacap, R.M.L., Kik, M.J.L., LaPatra, S.E., Lloyd, S.J., Call, D.R., 

Smith, P.D. & Adams, A. (2010) Association of red-mark syndrome with a Rickettsia-like organism 

and its connection with strawberry disease in the USA. Journal of Fish Diseases, 33, 849-858. 



Montagna, M., Sassera, D., Epis, S., Bazzocchi, C., Vannini, C., Lo, N., Sacchi, L., Fukatsu, T., 

Petroni, G. & Bandi, C. (2013) "Candidatus Midichloriaceae" fam. nov. (Rickettsiales), an ecologically 

widespread clade of intracellular alphaproteobacteria. Applied and Environmental Microbiology, 79, 

3241-3248. 

Noguera, P. (2008) Red mark syndrome. Fish Farmer 31, 38. 

Oidtmann, B., LaPatra S.E., Verner-Jeffreys, D., Pond, M., Peeler, E.J., Noguera, P.A., Bruno, D.W., 

St-Hilaire, S., Schubiger, C.B., Snekvik, K., Crumlish, M., Green, D.M., Metselaar, M., Rodger, H., 

Schmidt-Posthaus, H., Galeotti, M. & Feist, S.W. (2013) Differential characterization of emerging 

skin diseases of rainbow trout – a standardized approach to capturing disease characteristics and 

development of case definitions. Journal of Fish Diseases, 36, 931-937. 

Oman, E.M. (1990) Strawberry Disease in Salmonids. MS thesis, University of Idaho, USA. 

Schmidt-Posthaus, H., Bergmann, W., Knusel, R., Heistinger, H. & Licek, E. (2010) Appearance of 

red mark syndrome/cold water strawberry disease in Switzerland and Austria. Diseases of Aquatic 

Organisms, 88, 65-68. 

Verner-Jeffreys, D.W., Pond, M.J., Peeler, E.J., Rimmer, G.S.E., Oidtmann, B., Way, K., Mewett, J., 

Jeffrey, K., Bateman, K., Reese, R.A. & Feist, S.W. (2008) Emergence of cold water strawberry 

disease of rainbow trout Oncorynchus mykiss in England and Wales: outbreak investigations and 

transmission studies. Diseases of Aquatic Organisms, 79, 207-218. 

 

 

ACKNOWLEDGEMENTS 

 

This work was partially financed by FIR-2013 fund to Davide Sassera and PRIN-MIUR-2012 to 

Chiara Bazzocchi. We also wish to thank the farms for their kind support in providing fish for samples. 



Table 1 Analyzed fish samples and presence/absence of MLO DNA based on 

16SrDNA/igf1x1000 ratio 

 
 
 
NA - not available 

NLD - no lesion detected 

* samples from microscope slides 

 

 

 

  

Farm Sample RMS signs Healthy skin Lesion Liver Spleen Kidney Intestine Heart

F1 ++ 0 7.85 x 10-1 NA NA NA NA NA

F2 + 0 8.46 x 101 9.40 x 101 5.28 x 101 5.15 x 101 5.53 x 101 1.59 x 101

F3 ++ 0 5.73 x 102 1.71 x 102 1.16 x 102 7.19 x 101 4.80 x 101 4.25 x 101

Site D F4 - 0 healthy 0 0 0 0 0

F5 - 0 healthy 0 0 0 NA NA

F6 - 0 healthy 0 0 0 NA NA

F7 + 0 1.29 x 10-1 0 3.92 x 10-3 0 NA NA

F8 + 0 5.72 x 10-2 0 0 0 NA NA

F9 + 0 1.54 x 10-1 0 4.55 x 10-2 0 NA NA

F10 + 3.93 x 10-2 3.40 x 10-1 1.85 x 10-2 1.31 x 10-2 0 NA NA

F11 - 0 healthy 0 0 NA NA NA

F12 + 0 1.82 7.46 x 10-3 2.63 x 10-2 NA NA NA

F13 + 0 7.10 x 10-3 0 0 NA NA NA

F14 + 1.50 x 10-1 1.63 x 10-1 2.72 x 10-3 0 NA NA NA

Site A

Site B

Site C

16SrDNA/igf1  x 1000



Figure 1 

 

 
 

Gross signs and histological appearance of red mark syndrome in rainbow trout (Oncorhynchus 

mykiss). 

(a) Fish 2, early stage lesion, gross appearance; (b) Fish 2 section of normal skin showing the 

absence of leukocytes infiltration (bar=200 µm); (c) F2 section of skin lesion, showing leukocytes 

infiltration below the scale pocket and moderate infiltration throughout the stratum compactum and 

in the hypodermis (bar=200 µm); (d) F3 mid stage lesion, gross appearance; (e) F3 section of grossly 

normal skin , revealing the presence of infiltration below the scale pocket (bar=100 µm); (f) F3 section 

of skin lesion showing more advanced infiltration throughout the stratum compactum and into the 

epidermis (bar=200 µm). All sections are stained with haematoxylin and eosin.  

 

 

 
 
  



Figure 2 
 

 
 

 
 
MLO quantity expressed as 16S rDNA/igf1 x 1000 in organs (spleen, kidney, liver, heart, intestine), 

healthy skin and lesion from F2 (with an early skin lesion) and F3 (with a mid-stage skin lesion) and 

in organs and skin from a RMS-free control (F4). 


