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Abstract : 
 
Infectious hematopoietic necrosis virus (IHNV) is among the most important pathogens affecting the salmonid 
industry. Here, we investigated the molecular evolution and circulation of isolates from 11 countries or regions 
all over the world, with a special focus on the epidemiological situation in France. The phylogeography, time 
to the most recent common ancestor (TMRCA) and nucleotide substitution rate were studied using 118 full-
length glycoprotein gene sequences isolated from 9 countries (5 genogroups) over a period of 47 years. The 
TMRCA dates back to 1943, with the L genogroup identified as the likely root (67 %), which is consistent with 
the first report of this pathogen in the USA. A Bayesian inference approach was applied to the partial 
glycoprotein gene sequences of 88 representative strains isolated in France over the period 1987–2015. The 
genetic diversity of these 88 sequences showed mean nucleotide and amino-acid identities of 97.1 and 
97.8 %, respectively, and a d N/d S ratio (non-synonymous to synonymous mutations) of 0.25, indicating 
purifying selection. The French viral populations are divided into eight sub-clades and four individual isolates, 
with a clear spatial differentiation, suggesting the predominant role of local reservoirs in contamination. The 
atypical ‘signatures’ of some isolates underlined the usefulness of molecular phylogeny for epidemiological 
investigations that track the spread of IHNV. 
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Introduction 54 

Belonging to the Salmonid novirhabdovirus species of the Novirhabdovirus genus, infectious 55 

hematopoietic necrosis virus (IHNV) is the causative agent of a severe aquatic disease 56 

affecting wild and farmed salmonid species [1,2,3,4,5]. Structurally, the typically bullet-57 

shaped virion encapsidates a non-segmented, negative-sense, single-stranded RNA of about 58 

11 000 nucleotides [6]. The linear genome encodes six proteins in the following order (3′-5′): 59 

a nucleoprotein (N), a phosphoprotein (P), a matrix protein (M), a glycoprotein (G), a non-60 

virion protein (NV), and a polymerase (L) [7,8,9,10].  61 

The first outbreak of IHNV was detected in hatcheries in western North America in the 1950s 62 

[11]. Since then, the etiological agent has spread through North America, Asia and Europe —63 

mostly due to the international trade of juvenile fish or eggs — and has become a major threat 64 

to the aquaculture industry. Detection of IHNV in Japan dates from 1971 and the virus was 65 

probably imported with a shipment of contaminated fish eggs from Alaska [12]. In Europe, 66 

the virus was reported for the first time in 1987 from two independent cases, one in France 67 

and one in Italy, and later in Germany (1992) [13,14,15]. Many outbreaks have since been 68 

reported around the world [16,17] and phylogenetic analyses based on the complete or partial 69 

sequence of the G gene, which shows relatively high genetic diversity compared with the 70 

other genes, have led to the definition of five major genogroups: U (upper), M (middle), L 71 

(lower), E (Europe) and J (Japanese rainbow trout) [10,18]. U, M and L correspond to the 72 

observed geographical range in North America [19,20,21]. Several diverse genotypes have 73 

been identified in Europe and seem closely related to the M genogroup [22]. The Japanese 74 

isolates show high divergence, but share a common origin with genogroup U [23,24]. 75 

Due to its high infectivity and wide distribution, IHNV represents a serious economic impact 76 

in aquaculture species such as rainbow trout (Oncorhynchus mykiss) and Atlantic salmon 77 

(Salmo salar). The associated disease is therefore listed as one of the regulated non-exotic 78 
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fish diseases in the European Union [25] and is notifiable to the World Organization for 79 

Animal Health (OIE) [26]. Historically based on virus isolation in susceptible cell cultures 80 

followed by confirmation steps, direct official methods for surveillance and diagnosis now 81 

also include RT-qPCR detection [27,28]. The extensive use of these methods for health 82 

monitoring and veterinary controls of international fish trade has strongly reduced the number 83 

of incidents associated with IHNV in Europe in the past few years. Recent surveillance data 84 

indicate that about 0.6% of the listed European fish farms are considered infected [29], but 85 

this number is probably underestimated, particularly because it is difficult to detect the virus 86 

in fish which are not in the most susceptible stage (juvenile) and/or in permissive conditions 87 

[30].  88 

Here, we applied a Bayesian coalescent method to the five genogroups of IHNV to better 89 

understand the evolutionary history and phylogeography of this pathogen. In addition, genetic 90 

diversity and geographic distribution of 88 strains isolated in France over a period of 30 years 91 

were analysed for the first time and used to develop hypotheses for the different possible 92 

routes of viral spread among trout farms.  93 

 94 

 95 

 96 

 97 

 98 

 99 

 100 

 101 

 102 

 103 
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Results 104 

 105 

Worldwide phylogeography of IHNV 106 

A discrete phylogeographic analysis of IHNV was conducted on 118 complete G gene 107 

sequences from 11 locations (China, Croatia, France, Germany, Italy, Japan, South Korea, 108 

Switzerland, USA lower, USA middle and USA upper) and covering all recognised 109 

genogroups: J, E, U, M and L (Figure 1). The distribution clearly suggests that the USA 110 

Lower specimens constitute the root of the tree with over 67% probability. The topology 111 

defined three clear genogroups (L, E and M) and two others (U and J) that were more 112 

ambiguous. For example, U showed a basal position compared with J, but they clustered 113 

together. Genogroup J was composed of isolates from Japan, South Korea and China. Isolates 114 

from South Korea formed two groups with one Japanese isolate at a basal position each time. 115 

Recent (2012-2013) Chinese isolates constituted one group and appeared to emerge from 116 

Japan. The European group derived from the M genogroup, with a probable German origin 117 

which gave rise to separate infections in Italy, Switzerland, Croatia and France. Several 118 

introduction events involving French-related viruses in Germany or Switzerland were also 119 

observed. 120 

The nucleotide substitution rates (per site and per year) for the G gene was estimated to be 121 

7.14 x 10
-4

 substitutions (subs) site
-1

 year
-1

 and the emergence of IHNV was estimated to date 122 

from 1943 (Table 1). For a more accurate analysis, the most recent common ancestor 123 

(TMRCA) and mean genetic diversity were also calculated for the five genogroups (Table 2). 124 

The oldest genogroup was the L genogroup and the youngest genogroup appeared to be the E 125 

genogroup whose divergence dates back to 1981.  126 

 127 
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Phylogenetic analysis of French isolates  128 

We sequenced a region of the G gene from 88 representative French IHNV isolates collected 129 

by our National Reference Laboratory (NRL) and covering a 30 year period (1987-2015) 130 

(Figure 2). A dataset of a partial G-gene sequence of 570 bp was created, which allowed to 131 

group the 88 French isolates plus 5 outgroups (from the M genogroup), and used for Bayesian 132 

phylogenetic reconstruction (Figure 3). The structure of the French isolates in the phylogeny 133 

show 8 sub-clades (6 with posterior support > 0.75) and 4 individual isolates. Two main 134 

monophyletic group including both 23 French viruses (sub-clades A and E) and defined by 135 

posterior support of 0.75 and 1 respectively were observed. The other genetic sub-clades (B, 136 

C, D, F, G, H) were smaller and composed of 3 to 15 sequences. Interestingly, isolates 137 

corresponding to the first French outbreak (71_87_1987) and the most recent one 138 

(SA15.1442_2015) didn’t cluster with other sequences. Temporal link within sub-clades is not 139 

obvious, for example the two most abundant sub-clades A and E have large range of isolation 140 

date with 1999-2014 and 1990-2005, respectively. Though, we notice that viruses were 141 

isolated from three distinct areas in France: North (orange), East (purple) and Centre and 142 

South (Blue) (Figure 3). All viruses from the East area belong to the sub-clade A except one 143 

strain (isolate 016650_2007) suggesting that all viruses from East are derived and spread from 144 

one common infection. IHNV isolates from Centre and South form three different sub-clades 145 

(B, C and H). Isolates from North seem to be the more divergent with 4 sub-clades (D, E, F 146 

and G) plus 4 individual isolates representing multiple independent introduction or parallel 147 

evolution of separate viral lineage. However, some strains had genetic profiles that were not 148 

related to the geographical distribution of strains isolated in the respective area time period. 149 

For example, the isolate 503_2000 from the North showed only 97.8% nucleotide identity 150 

with two other strains from the same area, but had 100% identity with three isolates 151 

(Y6_2000; J13325_1999 and K2165-2000) from the East group. In another example, isolate 152 
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016650_2007, identified in the East area, near the French-Swiss border, clustered with the 153 

North group, sharing 100% nucleotide identity with an isolate (LDOn1_2007) of this group, 154 

despite a distance of more than 600 km between the groups. Similarly, isolate M13316_2002, 155 

isolated from fish in the area of the South and Centre, was 100% identical to a strain 156 

(L5889_2001) isolated one year before in the East area.  157 

The nucleotide sequence identity ranged from 95.4 to 100%, with a mean value of 98.1%, for 158 

all isolates considered (Table 3).  159 

 160 

Genetic diversity 161 

Worldwide sequences of infectious hematopoietic necrosis virus displayed low genetic 162 

diversity for the G gene, with mean nucleotide diversity of 3.4%; within the five genogroups, 163 

diversity reached a maximum of 3.5% and a minimum of 1.3% (Table 2). Nevertheless, 164 

nucleotide diversity between the five genogroups showed that the Japanese group was the 165 

most distant, with diversity ranging from 4.2 to 5.6% with respect to each of the four other 166 

groups. Genetic diversity, the dN/dS ratio (non-synonymous to synonymous mutations) and 167 

Tajima’s D (test based on polymorphism frequencies) were calculated for our 88 French 168 

isolates (Table 3). The partial G region displayed more synonymous than non-synonymous 169 

changes (ratio <1), suggesting purifying selection on the viral population. Tajima test was 170 

negative, indicating negative selection on the viral population. 171 

  172 
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Discussion 173 

Infectious haematopoietic necrosis (IHN) is one of the most economically important viral 174 

diseases in farmed rainbow trout in Europe, and in most parts of the Northern hemisphere. 175 

Here, we performed a discrete phylogeographic analysis on 118 sequences from the five 176 

genogroups of IHNV using BEAST2. Further, we conducted, for the first time, an extensive 177 

study on the genetic diversity and geographic distribution of 88 strains collected by our 178 

laboratory, the French NRL. These strains are representative of all outbreaks reported since 179 

the first description of the disease in rainbow trout farms in 1987 up until 2015. Our results (i) 180 

confirm the origin and the history of spread of this worldwide virus; (ii) demonstrate a 181 

correlation between molecular phylogeny and geographical distribution in France; and (iii) 182 

illustrate how phylogeny can contribute to epidemiological investigations. 183 

During the last six decades, extensive phylogenetic studies on IHNV have led to the 184 

identification of five genogroups that clearly correlate with specific geographical origins [10]. 185 

Our analysis of the evolutionary history (phylogeography and date of divergence) of these 186 

genogroups confirms that the L genogroup is located at the putative root (origin) of the tree 187 

and the U and M diverged from this group early on. The finding that the L genogroup is at the 188 

origin of the phylogenetic evolution is consistent with the first reported outbreaks in 189 

hatcheries in the state of Washington in the early 1950s [11] and with previous studies on 190 

IHNV [18,20,22]. A second significant divergence event involves the derivation of the J 191 

genogroup from the U genogroup presumably in Japan via an import from Alaska in the mid-192 

1970s. Since then, Japanese strains have probably been introduced in Korea [31,32] and 193 

China [33]. Infections with isolates from the U genogroup in Japan were also observed. The 194 

youngest genogroup, the E genogroup (1981), derived from genogroup M and have spread in 195 

different European countries [21,22,34]. It was suggested that all European isolates were 196 

derived from the first introductions of the virus in France and Italy in 1987 [22]. Our analysis 197 
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suggests that Germany could also be a potential initial source of introduction despite a latter 198 

detection (Figure 1). The first representative outbreaks in France are clearly associated to an 199 

individual sequence (71_87_1987 in Figure 3), as it was previously shown in a phylogenetic 200 

tree of Salmonid novirhabdovirus in Europe [21]. The first sequence in Italy has a basal 201 

position belonging to a large clade (IO-87_FJ711518, Figure 1). This finding was observed 202 

before by Enzmann and co-authors [21] and confirmed by a recent study on Italian IHNV 203 

isolates [34]. Although the origin of genogroup E remains to be identified through further 204 

investigations, IHNV circulation within the European Union appears very clearly and 205 

demonstrates the difficulty of controlling the spread of this virus. 206 

Significant efforts for health monitoring and veterinary control of the spread of IHN and Viral 207 

Haemorrhagic Septicemia (VHS) have been undertaken over the past years in Europe 208 

[25,28,35]. Overall, they have reduced the number of outbreaks and have helped improve the 209 

availability of molecular characterization data for these viruses. A high capacity of IHNV to 210 

circulate in continental Europe can be assumed from the phylogeny and topology of the E 211 

genogroup, whereby there is some evidence for a spread starting from German and Italian 212 

isolates. The virus has been demonstrated in previously IHN-free countries such as Croatia or 213 

the Netherlands but has never been detected so far in UK, Ireland and Scandinavia [21]. It still 214 

represents a serious threat to the large salmon-producing countries of North Europe [17]. This 215 

latent dissemination may be due to the difficulty of observing clinical signs during veterinary 216 

controls, particularly if the more susceptible juvenile stages are protected in farms by careful 217 

containment from sub-adult and adult stages in which infection is generally latent and silent 218 

[30,36,37]. Subclinical infections are also associated with lower virus levels in affected fish 219 

compared to fish undergoing clinical infection and can lead to false negative diagnosis results 220 

[38]. This ability of the disease to go unnoticed (compared with VHS for example) probably 221 
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leads to underestimation of the number of infected farms in Europe. Violations of European 222 

regulations can also not be excluded.  223 

In France, phylogenetic analysis of partial G gene sequences of representative isolates 224 

collected over the past 30 years is in line with the presumed date of introduction [13]. 225 

Observed nucleotide and amino-acid diversities are low and correspond to a purifying 226 

selection process, stabilizing the viral population [34]. The most striking finding was the clear 227 

spatial distribution of genetically related isolates in three areas. This pattern of outbreaks, 228 

corresponding to the first diffusive patterns for IHNV spread in Italy described by Abbadi and 229 

colleagues, suggests the existence of local reservoirs around which recontaminations regularly 230 

occur through passive diffusion via water, fomites (landing nets, boots, vehicles) or 231 

piscivorous birds [34,39,40]. In this context of relative genetic homogeneity, the detection of 232 

isolates with a divergent genetic "signature" strongly suggests a transfer of isolates from other 233 

area with diffusion mainly associated with fish movement and trade practices [34]. In all 234 

cases, genetic data analysis provides information of interest to guide epidemiological 235 

investigations and to take the most appropriate health measures.  236 

Our estimate of the evolutionary dynamics of IHNV is in the range of previously published 237 

data (7.14 x 10
-4

 subs site
-1

 year
-1

 in our study, 8.1 x 10
-4

 subs site
-1 

year
-1

, [18]; 12 x 10
-4

 subs 238 

site
-1

 year
-1

, [41] and 11 x 10
-4

 subs site
-1

 year
-1

, [34]) and in agreement with RNA viruses that 239 

evolve quickly with rate between 10
-2

 and 10
-5

 subs site
-1

 year
-1

 [42,43]. Our results on the G 240 

gene are also consistent with findings in other fish viruses, such as the Anguillid rhabdovirus 241 

with a rate of 4.23 x 10
-4

 subs site
-1 

year
-1

 [44], VHSV with 5.91 x 10
-4

 subs site
-1

 year
-1

 [45], 242 

or the Spring viremia of carp virus with 5.47 x 10
-4

 subs site
-1

 year
-1

 [46].  243 

Host switch is an important parameter for IHNV evolutionary dynamics. The J and M 244 

genogroups of IHNV showed higher genetic diversity compared with the three other 245 

genogroups (L, U, E). The lower viral genetic diversity observed for strains from genogroups 246 
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U and L, mostly found in Pacific salmon, is indicative of an evolutionary equilibrium. For the 247 

J genogroup, we confirm hypothesises that the host switch (from Pacific salmon (genogroup 248 

U) to rainbow trout) is associated with virus adaptation through an increase in genetic 249 

diversity. Evolution in the G gene of isolates from farmed rainbow trout has been reported to 250 

be up to six-fold higher than that from salmonid fish having an ocean migration phase 251 

[20,47,48].  252 

This study brings new elements to the understanding of evolutionary history of IHNV. In 
253 

France, the epidemiological situation is relatively stable due to the implementation of 
254 

European legislation since the early 2000s. A national monitoring and eradication plan, also 
255 

covering VHSV, is currently being set up. It will probably lead to the discovery of new 
256 

isolates previously difficult to detect on the basis of clinical observations. This molecular 
257 

evolutionary work on IHNV in France has provided new data on how it is spread and will 
258 

help enhance the control strategy. 
259 

260 
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Materials and methods 261 

 262 

Virus isolates and dataset compilation 263 

A dataset of 118 complete G genes from the five IHNV genogroups was extracted from 264 

GenBank (all sequences available to date). Dates and country of isolation were established 265 

based on the available literature [19,21,23,31,49,50]. 266 

A dataset of 88 partial G genes was used in this study to represent IHNV  isolates collected 267 

from France during the 1987-2015 period. Isolate, geographic area, isolation dates and 268 

GenBank accessions (nos. XX to XX) are reported in Table 4. 269 

  270 

RNA extraction, PCR amplification and sequencing 271 

RNA was extracted from various internal organs such as the anterior kidney, spleen, heart, 272 

brain or from cell culture supernatants using the Nucleospin RNA virus kit (Macherey-Nagel, 273 

France). The partial glycoprotein gene, sequence of 693 bp, was amplified using the following 274 

primers, 5'-AGAGATCCCTACACCAGAGAC-3' and antisense primers 5'-275 

GGTGGTGTTGTTTCCGTGCAA-3' [51]. Reverse-transcription (RT) and amplification were 276 

performed with the SuperScript III One-Step RT-PCR System (Invitrogen, France) using the 277 

following mix: approximately 1 μg of RNA was added to 20 μM of each primer, 1 μl of high-278 

fidelity Platinum Taq, 25 μl of reaction mix (2X) and water in a final volume of 50 μl. The G-279 

gene RT-PCRs were conducted in a Mastercycler (Eppendorf, France) with an initial step of 280 

52°C (30 min) followed by one step at 94°C (2 min) then 40 cycles of 94°C (15 s), 52°C (30 281 

s) and 68°C (60 s), and a final extension at 68°C (8 min). After agarose gel electrophoresis, 282 

PCR products of interest were purified with a NucleoSpin gel and PCR clean-up kit 283 

(Macherey-Nagel, France) then cloned using the TOPO TA cloning kit (Invitrogen, France). 284 

For each PCR product, three clones were selected and sequenced in both orientations using 285 
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the Sanger method and a 3130 Genetic Analyser (Applied Biosystems). Sequence files were 286 

analysed visually using VectorNTI v.11.5 software. 287 

 288 

Phylogenetic reconstruction 289 

An alignment of partial G DNA sequences was performed with Muscle using SeaView 4 [52]. 290 

Phylogenetic reconstruction was done using Bayesian inference (BI) from an alignment of 93 291 

sequences of 570 bp. Partition schemes and evolutionary models were selected via Bayesian 292 

Information Criterion calculated in PARTITION FINDER v1.1.1[53]: for 1
st
 and 2

nd
 codon 293 

partitions the K81 + I + G model were used; for 3
rd

 codon partition a model K81 + G. BI was 294 

carried out done with MrBayes 3.2.6 [54] on the CIPRES Science Gateway [55], with four 295 

chains of 5 x 10
6
 generations, trees sampled every 500 generations, and burn-in value set to 296 

20 % of the sampled trees. We checked that standard deviation of the split frequencies fell 297 

below 0.01 and confirmed convergence of the runs to ensure convergence in tree search using 298 

the Tracer v1.6 software (http://tree.bio.ed.ac.uk/software/tracer/). The tree was visualized 299 

using FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). 300 

 301 

Ancestral reconstruction and discrete phylogeography 302 

The BEAST software package v2.1.3 was used to estimate date divergence and discrete 303 

phylogeography from 118 full-length IHNV G gene sequences [56]. We used discrete 304 

phylogeography to perform ancestral reconstruction on a single character (i.e. location) and to 305 

determine the geographic location for the root of the tree [57]. The dataset was analysed using 306 

a HKY + G model under a relaxed uncorrelated exponential molecular clock. This model was 307 

evaluated with the coefficient of variation (CoV) [58], where a CoV value > 0 was considered 308 

as evidence of non-clocklike evolutionary behaviour. The “exponential coalescent tree prior” 309 

was used to infer the complex population dynamics of IHNV. Three independent Bayesian 310 

http://tree.bio.ed.ac.uk/software/figtree/
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MCMC runs were carried out for 30 million generations (to obtain effective sample size 311 

values of at least 200 for each parameter), to retain a sample of 10 000 trees. Convergences of 312 

the runs were confirmed using Tracer v1.5, MCC tree was generated using TreeAnnotator 313 

v1.5 and visualized using FigTree v1.4. 314 

 315 

Genetic diversity 316 

Basic population statistics and single nucleotide polymorphisms were calculated using two 317 

programs: DnaSp v5 [59,60] and MEGA v6 [61]. 318 

  319 
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TABLES 513 

 514 

Table 1. Details of dataset and estimates related to the IHNV glycoprotein (G) gene. HPD: 515 

highest probability density; TMRCA: time to the most recent common ancestor. 516 

 517 
Parameter G 

Sequence length (nt) 1518 

No. of sequences 118 

Time span 19662013 

Mean substitution rate, 10
-4

 site
-1

 year
-1 

(95% HPD) 

7.14 (5.29.13) 

TMRCA, years (95% HDP) 1943 (19181961) 

Coefficient of variation (95% HPD) 0.94 (0.841.04) 

Mean genetic diversity (%) 3.4 

 518 

 519 

Table 2. Estimates of diversity and divergence for the glycoprotein (G) according to the five 520 

genogroups of IHNV. HPD: highest probability density; TMRCA: time to the most recent 521 

common ancestor. 522 

 523 

Genogroup No. of sequences TMRCA, years  

(95% HPD) 

Mean genetic diversity 

(%) 

L 5 1954 (1941-1966) 1.4 

U 11 1965 (1957-1970) 1.3 

M 7 1970 (1962-1977) 2.5 

J 21 1977 (1974-1978) 3.5 

E 74 1981 (1976-1985) 1.4 

 524 

 525 

 526 

 527 

 528 
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Table 3. Molecular data for partial G sequences from IHNV. N, Number; Nt ID, mean 529 

nucleotide identity; AA ID, mean amino-acid identity; dN, number of non-synonymous 530 

mutations; dS, number of synonymous mutations. 531 

 532 
Parameter Partial G 

No. of sequences 88 

No. of nucleotides (amino acids) 570 (190) 

% Nt ID, (min-max) 98.15 (95.4-100) 

% AA ID, (min-max) 97.82 (93.1-100) 

% variable nucleotides 20.17 

dN/dS 0.247 

Tajima’s D -1.85 

 533 

 534 

 535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 
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Table 4. French IHNV isolates used for partial glycoprotein gene (partial G region) analysis. 551 

Virus 

isolate 

Date of 

isolation 

Geographic area GenBank 

accession  

Virus 

isolate 

Date of 

isolation 

Geographic area GenBank 

accession  

SA15 06.2015 Seine-Maritime  1071 11.2000 Pas-De-Calais  
331901 02.2014 Doubs  1022 11.2000 Pas-De-Calais  
VP0614 03.2014 Manche  SA000 12.2000 Vienne  
048478 09.2010 Pas-De-Calais  3LOT1 12.2000 Vaucluse  
02707 02.2008 Haute Savoie  X3 01.1999 Manche  
7445 04.2008 Ain  X24 02.1999 Nièvre  
T00121 02.2007 Drôme  V445 08.1999 Pas-De-Calais  
250501 05.2007 Ain  X255 11.1999 Puy-De-Dôme  
FF56 05.2007 Doubs  J13325 11.1999 Savoie  
LDOn1 11.2007 Orne  V1777 11.1999 Pas-De-Calais  
016650 12.2007 Doubs  J12428 11.1999 Ardennes  
S360 01.2006 Doubs EU676237 W61 06.1998 Somme  
317630 06.2005 Calvados  2198 07.1998 Marne  
R13849 12.2005 Puy-De-Dôme EU676229 FV116 07.1998 Somme  
N15097 01.2004 Jura EU331451 V87 07.1997 Somme  
P794 01.2004 Haute-Saône EU331455 F549 04.1996 Puy-De-Dôme  
P738 02.2004 Alpes-Maritimes EU331445 F975 04.1996 Puy-De-Dôme  
P7136 06.2004 Doubs EU331453 F1288 04.1996 Puy-De-Dôme  
Sa04 06.2004 Seine-Maritime EU331456 F1651 04.1996 Puy-De-Dôme  
P7875 06.2004 Doubs EU331454 E8643 04.1996 Puy-De-Dôme  
003454 02.2003 Somme EU331444 V912 04.1996 Pas-De-Calais  
N11064 10.2003 Isère EU331449 50 04.1996 Dordogne  
043725 10.2003 Somme EU331452 8814 06.1996 Dordogne  
N15209 12.2003 Var EU331450 V265 08.1996 Pas-De-Calais  
M13316 02.2002 Puy-De-Dôme EU331447 V266 08.1996 Pas-De-Calais  
82701 03.2002 Seine-Maritime EU331446 V313 08.1996 Pas-De-Calais  
AA92 04.2002 Seine-Maritime EU331443 V543 08.1996 Pas-De-Calais  
1326 06.2002 Seine-Maritime  V463 08.1996 Pas-De-Calais  
K14547 01.2001 Drôme  V265 08.1996 Pas-De-Calais  
41222 01.2001 Somme  1 03.1995 Gard  
L5889 02.2001 Drôme  3 03.1995 Meuse  
L13389 02.2001 Puy-De-Dôme  12 03.1995 Hérault  
1091 05.2001 Aisne  13 03.1995 Pas-De-Calais  
1153 05.2001 Somme  16 03.1995 Meurthe-et-Moselle  
AA2 12.2001 Seine-Maritime EU331442 19 04.1995 Meuse  
Y6 01.2000 Savoie  30 05.1995 Seine-Maritime  
K678 01.2000 Nièvre  40 05.1995 Bouches-du-Rhône  
J13667 02.2000 Meuse  V421 06.1995 Pas-De-Calais  

K2252 02.2000 Puy-De-Dôme  23 1994 Côte-d’Or  

K2165 02.2000 Savoie  27 1994 Pas-De-Calais  
J13992 02.2000 Ain  18 1990 Marne  
323 03.2000 Somme  186 1990 Haut-Rhin  

503 06.2000 Aisne  47 1988 Seine-Maritime  

K09117 07.2000 Savoie  71 1987 Pas-De-Calais  

 552 

 553 
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FIGURE LEGENDS 554 

 555 

Figure 1. Maximum clade credibility phylogeny of 118 full-length IHNV glycoprotein (G) 556 

genes. The tree was scaled to time under the relaxed uncorrelated exponential molecular 557 

clock. The thickness of the branches reflects the posterior probabilities (values below 50 are 558 

thin). Isolate information (name, accession) and genogroup classification are shown on the 559 

right. Isolate locations are indicated by colour (see colour key).  560 

 561 

Figure 2. Temporal distribution of the 88 representative IHNV French isolates from 1987 562 

(first outbreak) to 2015. The grey arrow indicates the year the virus was first detected.  563 

 564 

Figure 3. Phylogenetic tree showing the relationship of the 88 French IHNV isolates. This 565 

Bayesian analysis is based on the partial G sequence (570 bp). Sub-clades A to H are 566 

identified using vertical lines. Sequences from 5 strains from M genogroup were included as 567 

outgroup. The numbers are posterior probabilities reflecting clade support. Isolate information 568 

(name, year of isolation) is shown. France was divided up in 3 geographical distributions 569 

areas (North, East and Centre and South) coloured in orange, purple and blue respectively. 570 

Spatial repartition of the 88 isolates is given by the red circles, whose sizes are correlated with 571 

the number of strains (small: 1-5; medium: 6-9; large: 10-15). Percentages indicated on the 572 

map correspond to the nucleotide sequence identities. Stars were used to localize strains with 573 

atypical genetic profiles (in bold) and their potential origins (in normal character).  574 
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