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1. INTRODUCTION

Vibrio harveyi is a Gram-negative pathogenic 
bacteria that is associated with high mortalities in 
temperate and tropical areas worldwide in com-

mercial marine aquaculture species (fish, crus-
taceans and shellfish) at all developmental stages 
(Pretto 2020, Zhang et al. 2020). In addition, cases 
of wound infections by V. harveyi have been 
recently reported in humans (Del Gigia-Aguirre et 
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ABSTRACT: The lack of internationally harmonised criteria for interpreting the data generated by 
standardised susceptibility testing methods presents a serious obstacle for the development of 
prudent use of antimicrobials in aquaculture. The data required to set epidemiological cut-off val-
ues for minimum inhibitory concentrations for antibiotic agents against Vibrio harveyi was deter-
mined using a standard microdilution method that specified the use of cation-adjusted Mueller 
Hinton broth and incubation at 28°C for 24 to 28 h. In total, 120 observations were made in 4 inde-
pendent laboratories from 109 unique isolates. The aggregated data from these laboratories were 
analysed by the normalised resistance method and by ECOFFinder to calculate epidemiological 
cut-off values. The data for chloramphenicol, meropenem and sulfamethoxazole were not consid-
ered as suitable for analysis. The data for ampicillin indicated that this species is innately resistant 
to this agent. No acceptable ranges for quality control strains have been set for ceftazidime and, 
therefore, only provisional cut-off values could be generated for this agent. The epidemiological 
cut-off values were, however, calculated for the other 6 agents. These values were ≤0.5 μg ml−1 for 
enrofloxacin, ≤1 μg ml−1 for florfenicol, oxolinic acid and oxytetracycline, ≤4 μg ml−1 for genta -
micin and ≤0.5/9.5 μg ml−1 for trimethoprim/sulfamethoxazole. Evidence is presented demonstrat-
ing that the data for these 6 antimicrobial agents was of sufficient quantity and quality that they 
could be used by the relevant authorities to set internationally harmonised, consensus epidemio-
logical cut-off values for V. harveyi.
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al. 2017, Brehm et al. 2020). In Mediterranean 
aquaculture, V. harveyi outbreaks are seasonal, 
occurring mainly during warmer periods, from the 
end of spring to autumn (Pujalte et al. 2003). It is 
probable that the increase in water temperature 
resulting from climate changes will in turn increase 
the frequency of V. harveyi outbreaks in aquacul-
ture systems (Amaro et al. 2020). Although there 
has been extensive research on the development of 
an effective vaccine to control V. harveyi outbreaks 
in aquaculture species (Nguyen et al. 2017, 2018, 
Mohd-Aris et al. 2019, Abu Nor et al. 2020, Gong et 
al. 2021), no commercial vaccines are currently 
available (Zhang et al. 2020). In the field, autoge-
nous vaccines have been developed over the past 
10 yr to control the disease in seabream and sea -
bass production; however, their efficacy and appli-
cation remain limited and effective control still 
relies on antimicrobial therapies (A. Le Breton pers. 
obs.). The isolation of strains showing reduced sus-
ceptibility to some of these antimicrobial agents 
has, however, been reported (Zhu et al. 2018, Deng 
et al. 2020), although it should be noted that both 
these studies manifested some of the shortcomings 
identified by Smith & Egan (2018). Importantly, 
neither applied internationally recognised interpre-
tive criteria to establish the meaning of the data 
they obtained. 

The Food and Agriculture Organisation of the 
United Nations (FAO 2022) has identified pro-
grammes to monitor the antimicrobial susceptibility 
of Vibrio species isolated from aquatic animals as 
a priority. The ubiquity and significance of V. har-
veyi infections in aquaculture strongly suggests that 
this species should be included in the Vibrio species 
to be studied in such programmes. The World 
Organization for Animal Health (WOAH) Aquatic 
Animal Health Code (www.woah.org/en/what-we-
do/standards/codes-and-manuals/#ui-id-3) recom-
mends that monitoring and surveillance of antimi-
crobial susceptibility of bacteria isolated from 
aquatic animals should be performed using stan-
dardised testing protocols. It is also recommended 
that the meaning of the data obtained through 
these standardised pro tocols should be generated 
by the application of relevant, internationally har-
monised, consensus epidemiological cut-off values. 
With respect to the availability of standardised 
methods for antimicrobial susceptibility testing, 
those published by the Clinical Laboratory Stan-
dards Institute (CLSI 2020a) provide suitable con-
ditions for the testing of the majority (84%) of the 
44 bacterial species most frequently isolated from 

aquatic animals including the facultative halophilic 
Vibrio species such as V. harveyi (Smith 2019). 
However, international harmonised epidemiologi-
cal cut-off values have been published for very 
few aquatic species so far (Smith 2020). With re -
spect to susceptibility data generated using stan-
dard methods specifying incubation at temperatures 
<35°C, the latest edition of the CLSI guideline 
VET04 (CLSI 2020b) provides epi de mio logical cut-
off values (ECVs) for only 4 species (Aeromonas 
salmonicida, A. hydro phila, Flavobacterium colum -
nare and F. psychro philum). Significantly, VET04 
(CLSI 2020b) does not provide ECV values for any 
Vibrio species.  

The work reported here was performed to obtain 
the data that would be required by CLSI (2018) to set 
ECVs for V. harveyi minimum inhibitory concentra-
tions (MIC) data generated by a standardised micro -
dilution method specifying incubation at 28°C for 
24 to 28 h (CLSI 2020a). 

2.  MATERIALS AND METHODS 

2.1.  Participating laboratories 

Five laboratories were involved in this study: the 
Mycoplasmology-Bacteriology and Antimicrobial Re -
sistance Unit of the Ploufragan-Plouzané-Niort Labo-
ratory of the French Agency for Food, Environmental 
and Occupational Health & Safety (Anses), the Labo-
ratory for Fish and Molluscs Diseases of the Croat-
ian Veterinary Institute, Zagreb, Croatia (CVI), the 
Department of Veterinary Medical Sciences of 
Alma Mater Studiorum Università di Bologna, Italy 
(DIMEVET), the National Reference Laboratory for 
Fish, Mollusc and Crustacean Diseases of the Istituto 
Zooprofilattico Sperimentale delle Venezie, Legnaro, 
Italy (IZSVe) and Vet’Eau, Grenade sur Garonne, 
France (VETEAU). 

2.2.  Isolate collections 

The isolates studied in this work had been col-
lected by the 5 participating laboratories. Using 
MALDI-TOF (Microflex LT, Bruker Daltonics) 
(Singhal et al. 2015, Florio et al. 2018, Culot et al. 
2021), these isolates were classified as Vibrio har-
veyi clade members by those laboratories. For this 
work, their identification was further confirmed by 
V. harveyi species-specific amplification of the 
toxR gene sequence (382 bp) using the PCR 

36



Smith et al.: Vibrio harveyi epidemiological cut-off values

primers of Pang et al. (2006) developed on the 
hypervariable membrane-tether region of the toxR 
gene: toxRF1 5’-GAA GCA GCA CTC ACC GAT-
3’ and toxRR1 5’-GGT GAA GAC TCA TCA GCA-
3’ using the protocol recommended by Pretto 
(2020, 2018). As the extensive validation studies of 
Pang et al. (2006), Pretto (2018) and Triga et al. 
(2023) demonstrated that the these primers are 
species-specific, isolates from which they generated 
the expected 382 bp fragment were classified as V. 
harveyi. 

In total, 109 V. harveyi isolates were studied: 93 
were obtained from bony fish, 5 from crustaceans or 
crustacean farms, 10 from molluscs and 1 from an 
environmental sample. To minimise the inclusion of 
multiple isolates of individual clones, these 109 iso-
lates were obtained from a variety of aquaculture 
facilities, in 11 different countries and over a 15 yr 
period (Table 1). Eighty-eight of the 109 isolates 
were from unique farms or environments. The other 
21 were from 8 farms; however, they were collected 
from these farms in different years or, if from the 
same year, from different fish species. 

For some laboratories, the results of previous stud-
ies of susceptibility were available. Isolates that had 
been provisionally categorised as fully susceptible 
were preferentially selected for inclusion in the iso-
late sets for that laboratory used in this work. As a 
consequence of this bias, it would not be legitimate 
to use the frequencies of reduced susceptibilities in 
the isolates studied as measures of the frequency of 
such phenotypes in the areas or locations from which 
the isolates were made. 

2.3.  Analysis of isolates 

With the exception of the 30 isolates collected 
by  VETEAU, which were analysed by Anses, each 
laboratory performed MIC determinations on their 
own collections of isolates. In addition, the MIC val-
ues for 11 isolates were made in 2 laboratories. Ten 
of the isolates in the VETEAU collection were anal-
ysed in both the Anses and CVI laboratories and 1 
of the isolates in the CVI collection was also analysed 
in the IZSVe laboratory. Thus, 40 MIC observations 
were reported by CVI, 31 by Anses, 25 by IZSVe 
and 24 by DIMEVET, giving a total of 120 observa-
tions from the 109 isolates studied in this work. 

2.4.  Susceptibility measurements 

MIC values were determined by a microdilution 
method provided in the CLSI guideline VET03 (CLSI 
2020a) that specified using cation-adjusted Mueller 
Hinton broth (CAMHB) that was not supplemented 
with NaCl and incubation at 28°C for 24 to 28 h. The 
custom made 96 well ECOFFVIB plates used in the 
MIC studies were manufactured by Thermo Fisher 
according to the layout developed by Baron et al. 
(2020b).  The concentration ranges of the agents in 
these plates is shown in Table S1 in the Supplement 
(www.int-res.com/articles/suppl/d155p035_supp.
pdf).  

Each laboratory employed both the quality control 
(QC) reference strains Escherichia coli ATCC 2592 
and Aeromonas salmonicida ATCC 33658 recom-
mended by CLSI for this method (CLSI 2020a). The 
CLSI document VET04 (CLSI 2020b) provides ac -
ceptable ranges for these QC reference strains tested 
using the MIC protocols adopted in this work for 
ampicillin (AMP), enrofloxacin (ENR), florfenicol 
(FLO), gentamicin (GEN), oxytetracycline (OXY), 
oxolinic acid (OXO), and trimethoprim/sulfamethox-
azole (TRS). 
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Laboratory         Isolate              Date of           Number of 
                            origin              isolation             isolates 
 
Anses                  Brazil                 2018                      2 
CVI                    Croatia           2016−2021                20 
                             Italy             2014−2019                 8 
                            Spain                 2019                      1 
                           Turkey                2016                      1 
DIMEVET            Italy             2011−2018                22 

                          Albania               2016                      2 
IZSVe                   Italy             2006−2021                24 
VETEAU            France           2016−2020                22 
                           Turkey           2017−2018                 2 
                          Tunisia                2018                      1 
                         Portugal               2020                      1 
                          Cyprus                2016                      1 
                            Qatar                 2021                      1 
                      Madagascar            2018                      1 
Total                                                                          109

Table 1. Isolates of Vibrio harveyi in the collections of 
the  participating laboratories. Anses: Mycoplasmology-
Bacteriology and Antimicrobial Resistance Unit, Ploufragan-
Plouzané-Niort Laboratory of the French Agency for 
Food,  Environmental and Occupational Health & Safety, 
France; CVI: Laboratory for Fish and Molluscs Diseases, 
Croatian Veterinary Institute, Zagreb, Croatia; DIMEVET: 
De partment of Veterinary Medical Sciences, Alma Mater 
Studiorum Università di Bologna, Italy; IZSVe: National 
Reference Laboratory for Fish, Mollusc and Crustacean 
Diseases, Istituto Zooprofilattico Sperimentale delle Ve -
nezie, Legnaro, Italy; VETEAU: Vet’Eau, Grenade sur  

Garonne, France
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2.5.  Calculation of proposed epidemiological 
cut-off values 

In this work, epidemiological cut-off values 
(COWT) were calculated from the aggregations of 
the MIC data from the participating laboratories 
using the 2 automatic spreadsheets, ECOFFinder 
(www.eucast.org/mic_distributions_and_ecoffs/) and 
NRI (www.bioscand.se/nri/), both available as free 
downloads. The ECOFFinder 99.9% ‘exact’ values 
were used in this work (European Committee for 
Antimicrobial Susceptibility Testing [EUCAST] 
2021a). In generating cut-off values, the ECOF -
Finder spreadsheet calculates what it refers to as an 
’exact’ cut-off value and then rounds this value up 
to the next highest dilution actually used in the test. 
Similarly, the NRI spreadsheet calculates an exact 
value for the mean plus 2 standard deviations 
(mean + 2 SD) of the normalised distribution of 
MICs for putative wild-type (WT) isolates and then 
rounds this value up to generate a cut-off value. A 
single value for the epidemiological cut-off values 
proposed in this work was generated by averaging 
the ’exact’ values generated by the 2 methods and 
rounding up to the next higher dilution actually 
used in the test. 

The SD values of the best-fit curve generated by 
ECOFFinder and the normalised distribution of WT 
observations calculated by NRI were used as mea-
sures of the precision of the aggregated data sets for 
each agent (Smith et al. 2018). Data sets which 
exceeded the SD limits developed by Smith (2022) of 
1.18 log2 μg ml−1 when calculated by NRI analysis or 
1.11 log2 μg ml−1 when calculated by ECOFFinder 
were considered as too imprecise for reliable values 
of COWT to be calculated from them. 

When an isolate failed to grow in any of the 
wells that contained an agent but did grow in the 
control well without any agent, the MIC could 
only be recorded as equal to or less that the low-
est concentration of that agent in the ECOFFVIB 
plates. These observations were termed ’below 
scale’. Aggregations that contained ‘below-scale’ 
observations were considered suitable for analysis 
by ECOFFinder and NRI provided that the fre-
quency of ‘below-scale’ observations was <10% of 
the putative WT observations and was not greater 
than the frequency recorded for  the lowest MIC 
that could be quantified. For the purpose of anal-
yses of such aggregations, the ‘below-scale’ 
observations were treated as having an MIC equal 
to the lowest concentration in the ECOFFVIB 
plate. 

2.6.  Terminology and abbreviations 

With respect to the abbreviations used for epidemi-
ological cut-off values, we followed the recommen-
dations of Smith (2019). The abbreviation ECV was 
reserved for cut-off values published by CLSI. The 
abbreviation COWT was used for all epidemiological 
cut-off values not set by CLSI but calculated for data 
generated by laboratories that had demonstrated 
compliance with the QC requirement of the standard 
method they adopted. The abbreviation pCOWT was 
used for the provisional epidemiological cut-off val-
ues generated for agents for which no QC require-
ments have been set by CLSI (2020b). Following the 
recommendations of Silley (2012) the abbreviation 
WT was used for isolates that manifested MIC values 
at or below the COWT and were, therefore, assumed 
to be fully susceptible members of their species. The 
abbreviation NWT was used for those that mani-
fested MIC values greater than the COWT and were 
assumed to have acquired some mechanism confer-
ring reduced susceptibility. 

The abbreviations adopted for the antimicrobial 
agents (see Table 2) were those recommended in the 
EUCAST System for Antimicrobial Abbreviations 
(www.eucast.org/eucast/guidance_documents/). 

3.  RESULTS AND DISCUSSION 

3.1.  Quality control 

The CLSI guideline VET04 (CLSI 2020b) provides 
acceptable ranges for the MIC values obtained with 
QC reference strains for AMP, ENR, FLO, GEN, 
OXO, OXY and TRS obtained using the testing pro-
tocol adopted in this work. All 4 laboratories re -
corded MIC values for these agents within the 
acceptable ranges, as presented in Table S2 in the 
Supplement. 

3.2.  Vibrio harveyi data sets 

Table 2 shows the distributions of the MIC values 
in the aggregations of the data generated in the 4 
laboratories for the 7 agents for which acceptable 
ranges have been set and for the 4 agents (CTZ, 
CHL, MER and SME) for which they have not yet 
been set. This table also presents the mean COWT or 
pCOWT values calculated for the 7 data sets that were 
considered as suitable for analysis and the numbers 
of isolates categorised as WT by the application of 
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those values. Table S2 details the MIC values gener-
ated by each laboratory and the MIC values obtained 
by those laboratories for the QC reference strains. 

3.3.  Interpretation of the off-scale observations 

The CLSI guideline M23 (CLSI 2018) suggests that, 
in so far as possible, the MIC values to be used in set-
ting ECVs should be on scale. In aggregations for 7 
agents, all observations were on scale. However, the 
concentration range in the ECOFFVIB plates re -
sulted in off scale observations being recorded for 4 
agents. With respect to the aggregation of the data 
for SME, 6 of the 120 observations were ‘below scale’ 
and were reported as ≤4 μg ml−1. For the purposes of 
ECOFFinder and NRI analyses, the MICs of these 8 
observations were treated as being 4 μg ml−1. In the 
aggregations of MIC data for AMP, all 120 observa-

tions were above scale. These data were assumed to 
indicate that all the V. harveyi isolates studied in this 
work manifested a reduced susceptibility to AMP 
and, therefore, a COWT value was not calculated for 
this agent. Resistance to this agent is considered an 
innate property of some, but not all species of Vibrio 
(CLSI 2020a), and reduced susceptibility to AMP has 
also been reported for all isolates of V. anguillarum 
studied by Baron et al. (2020a). 

In the aggregations for CHL and MER, 72 and 
66% respectively of the observations were below 
scale. As the data for these 2 agents failed to cap-
ture the quantitative MIC values for the majority of 
the putative WT isolates, pCOWT could not be cal-
culated from them. A recent EUCAST document 
(EUCAST 2021b) presented the distributions of 
MICs for MER that were generated at 35°C for 5 
Vibrio species. For 1 group, V. cholerae and V. flu-
vialis, the modes of the MIC distributions were be -
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MIC (μg ml−1)                                                                             Antimicrobial agent 
                              AMP       ENR         FLO        GEN       OXO      OXY       TRSa       CTZ        CHL       MER       SME 

 
Below scale                                                                                                                                             86            79             6 
0.004 
0.008 
0.015                                                                                                                                                                        35 
0.03                                            1                                                                             2                                             5 
0.06                                            6                                                             1             50 
0.125                                         48                                             19           17            31           1 
0.25                                           57            12                            70           76            34           40 
0.5                                              7            101                           29           23             2           66 
1                                                                 5             32             2                             1           12            33 
2                                                                                 80                                                           1 
4                                                                 1              8 
8                                                                                                                                                                                               11 
16                                                               1                                                                                                                           27 
32                                                                                                                                                             1                             31 
64                                                                                                                                                                                             24 
128                                                                                                                                                                                            4 
256                                                                                                                                                                                            2 
512                                                                                                                                                                                            7 
Above scale             120            1                                                             3                                                             1              8 
SD (ECOFFinder)b   nc           0.65         0.33         0.47         0.60       0.53         1.00       0.59           nc            nc           1.28 
SD (NRI)c                 nc           0.80         0.50         0.58         0.85       0.62         0.76       0.72           nc            nc           1.54 
COWT

d                       nc           ≤0.5          ≤1           ≤4           ≤1           ≤1           ≤0.5 
pCOWT

d                                                                                                                                   ≤1            nc            nc            nc 
WTe                           nc           108          107          109          109         106          109         108           nc            nc            nc 

aThe MIC values for TRS are recorded in this table as the trimethoprim concentrations in the wells; bThe SD of the best-fit 
curves calculated by ECOFFinder; cThe SD of the normalised distribution of WT observations calculated by NRI; dThese 
values are the mean COWT or pCOWt values calculated by ECOFFinder and NRI; eThe number of isolates categorised as 
wild-type by application of COWT or pCOWt values

Table 2. The distributions of 120 MIC values determined by 4 laboratories from the study of 109 isolates of Vibrio harveyi using 
11 antimicrobial agents. Unshaded boxes indicate that MIC values could be quantified using the ECOFFVIB plates. AMP: 
ampicillin; CTZ: ceftazidime; CHL: chloramphenicol; ENR: enrofloxacin; FLO: florfenicol; GEN: gentamicin; MER: 
meropenem; OXO: oxolinic acid; OXY: oxytetracycline; SME: sulfamethoxazole; TRS: trimethoprim/sulfamethoxazole; COWT:  

epidemiological cut-off value; pCOWT: provisional epidemiological cut-off value; nc: values not calculated 
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tween 0.125 and 0.25 μg ml−1. For a second group, 
V. alginolyticus, V. parahaemolyticus and V. vul-
nificus, the modes were in the range of 0.008 to 
0.016 μg ml−1. In this work, although the data for V. 
harveyi were generated at 28°C and were, there-
fore, not directly comparable to the data for these 5 
species, they suggest that, with respect to MER 
susceptibility, it is probably related to  the second 
group. Analyses of whole genome sequences have 
also suggested a close relationship of V. harveyi, V. 
alginolyticus and V. parahaemolyticus (Urbanczyk 
et al. 2013). 

3.4.  Precision of data sets 

For 7 agents (CTZ, ENR, FLO, GEN, OXO, OXY 
and TRS) of the 8 that were analysed by ECOFFinder 
and NRI, the observed MICs were tightly grouped. 
Between 92 and 100% of the observations for each of 
these agents were within a 3 dilution range. The SD 
values calculated for these 7 multi-laboratory aggre-
gates by ECOFFinder and NRI (Table 2) were all 
below the upper limits suggested by Smith (2022) of 
>1.11 log2 and >1.18 log2 μg ml−1, respectively. These 
data were, therefore, considered as sufficiently pre-
cise to allow the calculation of reliable cut-off values. 
The distribution of the MIC values in the aggregation 
for SME was more diverse than those for the other 7 
agents for which COWT or pCOWT values were calcu-
lated. Analysis of the SME data by ECOFFinder gen-
erated an SD of 1.28 log2 μg ml−1 and analysis by NRI 
generated an SD of 1.54 log2 μg ml−1. As both these 
SD values were in excess of the suggested limits 
(Smith 2022), the SME data was considered too im -
precise for a reliable COWT value to be calculated for 
this agent. 

3.5.  Epidemiological cut-off values 

The aggregated MIC data for 7 agents were con-
sidered suitable for analysis by ECOFFinder and 
NRI. All 4 laboratories had demonstrated compliance 
with the QC requirements of the test protocol (CLSI 
2020b) for 6 of these agents (Table S2). It was, there-
fore, possible to calculate mean COWT values from 
their MIC distributions. The results of these analyses 
are shown in Table 3. The calculated mean COWT 
values were ≤0.5 μg ml−1 for ENR, ≤1 μg ml−1 for 
FLO, OXO and OXY, ≤4 μg ml−1 for GEN and 
≤0.5/9.5 μg ml−1 for TRS (Table 3). For the seventh 
agent, CTZ, acceptable ranges for QC reference 
strains tested under the standard method used in this 
work have not yet been set (CLSI 2020b) and, there-
fore, only a mean pCOWT of ≤1 μg ml−1 could be cal-
culated for this agent. 

4.  CONCLUSIONS 

The CLSI guideline M23 (CLSI 2018) states that 
ECVs for MIC data can be determined only if that 
data is obtained for a single species and if they were 
generated by a recognised reference (standardised) 
method. This guideline also states that ECVs should 
account for both strain to strain variation and inter-
laboratory variation in the performance of MIC 
assays. To achieve this, the data used to set ECVs 
should be sourced from at least 3 laboratories and the 
aggregated data sets should include MIC observa-
tions from at least 100 unique strains. As ECVs are 
based on the assumption that the distribution of MIC 
values of WT isolates do not vary geographically or 
over time (CLSI 2018), the guideline does not specify 
any requirements with respect to these parameters. 
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Agent              Exact cut-off values (μg ml−1)                       Proposed epidemiological cut-off values (μg ml−1) 
                       ECOFFindera                NRIb                       Mean                                        COWT              pCOWT 
 
CTZ                       1.042                      0.931                      0.987                                                                    ≤1 
ENR                      0.518                      0.450                      0.484                                          ≤0.5                      
FLO                       0.686                      0.840                      0.763                                           ≤1                        
GEN                      3.356                      2.931                      3.143                                           ≤4                        
OXO                     0.694                      0.857                      0.776                                           ≤1                        
OXY                      0.573                      0.497                      0.535                                           ≤1                        
TRS                       0.672                      0.216                      0.444                                       ≤0.5/9.5                   

aThe exact cut-off values reported in this column were those calculated for the 99.9% ECOFF by ECOFFinder; bThe exact 
cut-off values reported in this column were the mean +2 SD for the normalised WT distributions calculated by NRI analyses

Table 3. The exact cut-off values and the proposed epidemiological cut-off values (COWT) or provisional epidemiological 
cut-off values (pCOWT) calculated from the analysis of 120 observations made in 4 laboratories for Vibrio harveyi. See Table 2 

for antimicrobial abbreviations
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The aggregated MIC data sets for Vibrio harveyi 
with respect to 6 agents, ENR, FLO, GEN, OXO, 
OXY and TRS, were obtained in 4 independent labo-
ratories. All MIC assays were performed using the 
standard test method specifying the use of unmodi-
fied CAMHB and incubation at 28°C for 24 to 28h 
(CLSI 2020a), and all the participating laboratories 
reported meeting the QC requirements set for this 
method (CLSI 2020b) (Table S2). The mean COWT 
values for these agents were calculated by analysis of 
aggregated data sets containing 120 observations 
made from 109 isolates. Although the guideline M23 
(CLSI 2018) specifies a requirement for >100 unique 
isolates, it can be argued that the number of observa-
tions from unique isolates categorised as WT is a 
more relevant parameter. In this work the aggre-
gated data sets for the 7 agents contained between 
106 and 109 observations from isolates categorised as 
WT (Table 2). The aggregated data sets obtained for 
the 6 agents ENR, FLO, GEN, OXO, OXY and TRS 
met all the requirements specified in M23 (CLSI 
2018). It is, therefore, intended that the COWT calcu-
lated for these agents (Table 3) will be submitted to 
CLSI for consideration as ECV values. 
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