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Grave K, Lillehaug A, Lunestad BT, Horsberg TE: Prudent use of antibacterial
drugs in Norwegian aquaculture? Surveillance by the use of prescription data.
Acta vet . scand. 1999,40,185-195. - Antibacterial drug treatment in aquaculture dur
ing 1991-1996 was investigated using prescription data provided by the Norwegian
Government Fish Inspection and Quality Control Service (NFCS). The majority ofpre
scriptions (n = 5401) were for Atlantic salmon and rainbow trout (salmonids), while 383
prescriptions were for other species . Of the 13 different single substances or combina
tions prescribed during the study period, only 5 were approved for or had been subjected
to clinical trials in salmonids. Of the prescriptions for the salmonids, 99% were for ap
proved drugs or drugs subjected to clinical trials . The major proportion of the antibac
terial drugs prescribed for other fish species were drugs which were approved for or
which had been subjected to clinical trials in salmonids. In all fish species, the pre
scribing of antibacterial drugs which were neither approved for nor had been subjected
to clinical trials was mainly for fish far below slaughter weight. The prescription data
were validated against the drug statistics from the wholesalers and feed mills . It was
concluded that the data indeed represented antibacterial drug prescribing in Norwegian
aquaculture. The prescribing of antibacterial drugs proved to be almost completely re
ported to NFCS, which is responsible for the control of drug residues in fanned fish in
Norway.

"off-label" use; validation; wholesalers; statistics; residues; control:

Introduction
The fanning of Atlantic salmon and rainbow
trout has totally dominated the Norwegian fish
farming industry so far. Antibacterial drugs
have thus only been approved for use in these
fish species . In the 90's, a small-scale produc
tion of fish species other than Atlantic salmon
and rainbow trout has emerged . However, be
cause ofthe limited production, no antibacterial
drugs has as yet been specifically approved in
Norway for use in these fish species (Terisen
1996).

In Norway, all drugs intended for therapeutic
use in farmed fish have to be prescribed by vet
erinarians. Moreover, such drugs have to be dis
pensed from a pharmacy or, for medicated feed,
from a feed mill authorised by the Directorate
ofHealth. The authorised feed mills are obliged
to employ a pharmacist to be responsible for the
distribution of the medicated feed. Overall
sales data of antibacterial drugs for use in
farmed fish, including those mixed in feed, sold
by the feed mills, are recorded by the state-
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owned drug wholesaler, the Norwegian Medic
inal Depot AS (NMD). However, the whole
saler or feed-mill statistics do not provide any
informat ion concerning the fish species treated
(Grave 1991, Grave et al. 1996, 1997). Further
more, antibacterial drugs approved for use in
other animals or human medicine may also be
used in farmed fish of all species. These, how
ever, are recorded by the wholesalers as sold for
use in terrestrial animals or humans, respec
tively. Overall information about therapeutic
profiles in the different farmed fish species in
Norway has thus so far not been available.
To support the Norwegi an Governm ent Fish In
spection and Quality Control Servi ce (NFCS)
in the control of drug residues, a new surveil
lance programme for drug prescribing in fish
farming was introduc ed in Norway in 1989 (Di

rectorate ofHealth 1988). Th is programme re
quire s that both the prescribing veterinarian and
the dispensing pharmacy or feed mill have to
send a copy to NFCS of each prescription for
drugs intended for use in farmed fish within one
week and one month , respectively. In connec
tion with the introduction of the new surveil
lance programme , an authorised standard
prescription form was introdu ced. The vet
erinarians have to use this form when prescrib
ing drugs for use in farmed fish (Mork & Jeldal
1988). In addition to the name of the drug prep
aration, the fish species, fish weight, and indi
cation for use, have to be given on the prescrip
tion . NFCS routinely computerises all
information given on the prescription forms
and are thus creating a nation-wide database for
drug treatment in Norweg ian fish farming
(Bangen et al. 1994). This information makes
the NFCS able to monitor that the withdrawal
periods for the different drug s are complied
with.
The main objective of this study was to investi
gate the prescribing patterns of antibacterial
drugs in the different farmed fish species in
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Norwegian fish farmin g during 1991-1996 us
ing prescription data from the NFCS. The com
pliance by veterinarians with the report ing re
quirements concerning the prescr ibing ofdrugs
in farmed fish was also examined.

Materials and methods
Prescription data for antibacterial drug s for the
period 1991-1996 were collected from NFCS.
For the purposes of the present study the fol
lowing prescript ion data were compiled into a
database: antibacterial drug, amount pre
scribed, diagnosis, fish species, fish weight, and
date (year). Only prescriptions submitted by
veterinarians were included, copies submitted
by the feed mills or pharmacies being excluded.
A total of N = 5 808 prescriptions were in
cluded in the study. Prescript ions which lacked
information about the fish species (n = 24) were
excluded in the analysis of "off-label" use of
antibacteria l drugs in the different farmed fish
species. "Off-label" use was defined as the use
of an antibacterial drug substance in a fish
species for which it was neither approved, nor
had it been subjec ted to clinical trials organised
by the pharmaceut ical industry. In the present
study, the term salmonids include Atlantic
salmon and rainbow trout. The fish spec ies arc
tic char iSalvelinus alpinus s, Atlantic cod
(Gadus morhua ), European eel (Anguilla an
guilla), halibut (Htppoglossus hippoglossusi,
European seabass (Dicentrarchus labrax) , tur
bot (Scophtalmus maximus)), and wolf-fish
tAnarhichas lupus ) are designated as other fish
species.
Overall sales data of antibacterial drugs for use
in farmed fish, including antibacterial drug s
mixed in feed, are recorded by the state-owned
drug wholesaler Norwegian Medicinal Depot
AS (NMD ). That the prescript ion data were
representati ve for the study period was vali
dated by comparing the prescribed amounts of
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antibacterial drugs approved for use or sub
jected to clinical trials in fanned fish, calcu
lated from prescriptions reported to NFCS,
with the overall sales statistics of these drugs.
Sales statistics from wholesalers and feed mills
of antibacterial drug s approved for use in fish
fanning in Norway were collected from NMD.
Information about which antibacterial drugs
were approved for use in the indicated species
was obtained from relevant edit ions of the Nor
wegian Compendium on Veterinary Medicines
tTerisen 1990, 1992, 1994, 1996). Data about
the production of different fish species in Nor
wegian aquaculture from 1991 to 1996 were
provided by Directorate of Fisheries (Aalvik
1997).
The units of measurement chosen were kg ac
tive substance and number of prescriptions.

Results
The amounts of antibacterial drugs prescribed
for use in Norwegian aquaculture were reduced
from 24063 kg active substance in 1992 to 983
kg in 1996 (Table I). In the study period, 13 dif
ferent single or combination antibacterial
preparations were prescribed, and of these , 5
were approved for use or had been subjected to
clinical trials in Atlantic salmon and rainbow
trout. Eight of the single or combination prepa
rations prescribed were neither approved nor
subjected to clinical trial s in any fish species
(Table 1-4). One of these preparations (pro
caine penicillin + dihydro streptomycin) is rec
ommended for the treatment against bacterial
gill diseases in fry, parr and smolt (salmonids).
The prescribing of antibacterial drugs intended
for use in Atlantic salmon and rainbow trout is
shown in Tables 2 and 3. In these fish species,
99% of the prescriptions were for approved
drugs . Of the "off-label " prescript ions (n = 47)
of antibacterial drugs intended for use in At
lantic salmon and rainbow trout , 22 were for the

comb ination preparation proca ine penicillin +
dihydrostreptomycin (Table 3). Of these pre
script ions, 21 were intended for use in fanned
salmon with a weight lower than 500 g and one
prescription was for farmed salmon with a body
weight of 700 g. The main indicat ion given on
the prescriptions for this combination prepara
tion was bacterial gill disease (Table 3).
In 1991, 93% (n = I 687) of the prescriptions
for antibacterial drugs were for Atlantic
salmon, I% for rainbow trout and 6% for other
fish species (Tables 2, 4). The corresponding
figures in 1996 were 59%, 21% and 20% (n =

158). In 1996, 96% (982 kg) of antibacterial
drugs prescribed were for Atlantic salmon and
rainbow trout, while 4% (42 kg) were for the
fish species other than salmon and trout. The
proportion of prescriptions for the other fish
species increased 3 times from 1991 to 1996.
However, the annual number of prescriptions in
this group decreased from 95 to 31 during the
same period.
None of the antibacterial drugs prescribed for
use in the other fish species (n = 383), was ap
proved for use in these spec ies (Table 4). For all
these fish species, except for turbot , drugs only
approved for use in Atlantic salmon and rain
bow trout were prescribed.
Sales figures from wholesalers and feed mills of
antibacterial drug s approved for use in fanned
fish, and the amounts prescribed on prescrip
tions reported to NFCS during the period 1991
1996, are shown in Table 5. The production of
different fish species in Norwegian aquaculture
from 1991 to 1996 are given in Table 6.

Discussion
Materials and methods
The sales figures for antibacterial drugs
recorded by the Norwegian Medicinal Depot
AS (NMD) presented in this study are based on
annua l sales statistics from the feed mills and
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Ta ble 3 . Prescr iption s (n =47 ) for «o ff-label» (ne ither approved nor subjec ted to cl inical trials ) antiba cter ial
drug s issued for Atlanti c salmon and rainbow trout in Norwegian farming, split into single and combinat ions of
substances. Prescr iption data were co llec ted from the Norweg ian Government Fish Inspection and Qualit y Con-
trol Service.

Specie s Active substances Diagnose 1991 1992 1993 1994 1995 1996

At lantic salmon Benzyl penic illin Bacterial gill disease 0 0 2 0 1 I
Fry disease I 3 0 0 0 0
Furunculosis 0 0 I 0 0 0
Unknown ' 0 0 0 0 1 I

Dihydrostreptomycin Bacterial gill disease 0 0 1 0 2 0
Enrofloxacin Bacterial infection 0 0 0 2 2 0

Furunculosis 0 0 2 0 0 0
Fumagillin Furuncu losis 0 1 0 0 0 0
Furazo lidone Bacteria l infec tion 0 0 I 0 0 0

Co ld-water vibriosis I I 0 0 0 0
Hexamitosis I 0 0 0 0 0

Procaine penicillin-Dll'S! Bacte rial gi ll disea se 2 6 I I 0 0
Bacterial infect ion 0 I 0 0 0 0
Fin rot/ulcers 0 0 I 0 0 2
Furunc ulosi s 0 I 0 0 0 0
Unknown 0 0 0 1 0 0
Winter ulcer s 0 0 0 0 0 2

Rainbow trout Procaine penicillin- Dl-tS! Bacterial gill disease 0 3 0 0 I 0

Total 5 16 9 4 7 6

Diagnose is not given .
DHS =dihydro streptomycin.

from the national drug wholesalers to the phar
macies . The feed mills dispense antibacterial
drugs directl y to the fish farme rs, and annual
sales reported by the feed mills thus represent
the amou nts sold for use in farmed fish each
year. The pharmacies dispense premixes for on
farm mixing of medicated feed . It has been
shown that the practice of on-farm mixing of
medicated feed declined substantially during
the period 1992-1994 (Grave et al. 1996), a
trend that continued in 1995 and 1996 (Ronning
M. personal communication 1997). This was
due to the introduction in 1992 of new regula
tions in Norway on the prescribing ofantibacte
rial drugs to farmed fish (Bangen et al. 1994).
Moreover, the pharmacies normally have a
short storage period for these preparations. It is

Acta vet. scand. vol, 40 no. 3. 1999

concluded that sales figures reported by the
wholesalers and feed mills give a good estimate
of the prescribing of the drugs in question each
year in the study period .
In the presen t study, it was found that the
amounts prescribed of antibacterial drugs cal
culated from prescri ptions recorded by the
NFCS were in the same range as the sales fig
ures recorded by the NMD. For some sub
stances and years, the sales reported by the
NMD of antibac terial drugs were slightly
higher than the amounts calculated from the
presc riptio n material. As the NFCS data are
based on the amounts prescribed, the NFCS fig
ures will sometimes be higher than the actual
amounts sold. Despite these minor pitfa lls, it is,
nevertheless, concluded that the prescription
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>. en data from the NFCS indeed represent the prescribing of
o l:: U o a- t-

0- u, - t- a- drugs used in farmed fish during the study period. This'" '0 ZC u a-'" .- a- c present study has shown that Norwegian veterinarians._ c r--OIl :.=: ::E O -:-N '"Lg z - 00 0 comply with the requirement to report antibacterial drug
0 "0 use to the NFCS.Z ... en

U V)\ON t-O 0

0:0' ..... \0 \0 a- \0 a-
V) Z - 00 Use ofantibacterial drugs during 1992-1996

_ ::l

N '""0 '" a-a-... ... c The use of antibacterial drugs in Norwegian fish farm-t 0 \0
o ... ::E 00 0 t-
o. '" Z - 00 ing reached a peak in 1987 when the sales figures from... ::l N '"... ...

the wholesalers and feed mills totalled about 49 tonnes
.g -g en 0'\-r" \C)rr"l \0 active substance (Grave 1991). The major indication
0. > u
'C 2 ..... V) V) 00 0

-:-\0 N was cold-water vibriosis caused by Vibrio salmonicidau 0. "<T Z
'" 0. a-
!:! '" a- in Atlantic salmon . Vaccines against this disease were0. Clc .; ,,¢f'.-- M \0
o g ::E -N--:- a- introduced during 1987, and sales figures for antibacte-z N 00 '" '""0 '"... - rial drugs fell considerably (Grave et af. 1996).
.;: :I

In 1989, furunculo sis was endemic in several parts ofu '"
en ooO -:-NV) a- Norway for the first time and caused severe losses, and0.'= U l.I')oo r---("""')'O a-

'" u u, ('f") ("""')tn \O a-- '" Z N N V) again consumpt ion ofantibacterial drugs in fish farmingc OIl ....5.>( a-
increased. Vaccines based on antigens from Aeromonasa-

E .S Cl \O t- -:- "'\O \0

'" ::E V) r- tn co 0\ \0 salmonicida ss. salmonicida, introduced in 1989, were... vi - V) V) \0 0
..c OIl Z NN \0_ ::l

mainly bacterins containing aluminium salts as adju-"0 ...c"O
"' (;i vants, although non-adjuvanted vaccines intended for
0 '5 en N ('I"')",," OOr- -:- immersion were also used. Although farmed Atlantic;:E 'U u MOO\O -.::tN V)

u, - N 00 - -:-
salmon and rainbow trout were from then on vaccinated

'"
z OOOMV) r--

a- N
a- against the 3 dominant bacterial diseases, the treatment

.§ '0 Cl O M r-Mt"I V)
intensity of farmed fish continued to increase from 1989"0 ::E M OO -v) 00

... en Z 00\0 -00 -:-
t- to 1992. In 1993, the consumption ofantibacterial drugs

"0 ..... N

cZ for use in farmed fish declined substantially compared
'" ... en O N- a- N -:- to 1992 and has since remained at a low level. In the au-... u... .- U tn o r-- -e-
(;i ..... (""')«"")0 - 00

tumn of 1992, oil-adjuvanted vaccines conta ining anti-'" ... '5 z N - V')V) '"g a: N0 _ gens against furunculosis were introduced, this being..c 0 a-
l:: c or- o- O\ r- the single most important cause of the substanti al re-E c 0 M O tn r- \00 .0 ::E OO 'l::t t'-\O \0o U C z duction in the use of antibacterial drugs in Norwegiantt: .- ('f"')-V) V) \0

• C N».- fish farming which has occurred in the 90's (Markestad", - "0
'" C
::l '" & Grave 1997). Other factors contributing to the declineo O' c ...Z-o o c in drug use are thought to be the introduction of irn-c c E 'ij._ co_

vi § '6 proved management and husbandry pract ices in the fish
.g '"..c farming industry, including an increased trend to sepa-OIl ",C 0.

<::: 0. '" :;"' - rate different year-classes on different sites, improvedV> ... '"OJ C +
(;i..c"O <) -o :.=:E hygienic procedures in each farm, stricter regulations"en '" ... _
. ii: E .0

0 . _ co 0 g- concern ing the movement of fish between regions, andV) _ '" :J e z
l!J t+,; '" C - -OJ a generally more responsible attitude towards dealing:0 E.S .:: (;i

'" C '" u with infectious diseases in fish.f- "' - -c... '"
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Table 6 . Slaughtered weight (production) in Norwegian aquaculture during the period 1991-1996. The figures
are generated by the Directorate of Fisheries, Bergen, Norway, and are given in metric tons measured as round
weight.

Fish species 199\ 1992 1993 1994 \995 \996

Atlantic salmon 155000 141000 170000 207000 265000 301430
Rainbow trout 5700 6500 8970 14570 14700 22270
Atlantic cod I NA 232 367 561 289 198
Arctic char! NA 185 136 241 298 200
Halibut I 0 0 II 63 134 138
Minor species'< NA3 10 39 224 310 299

Total 160700 147927 179523 222659 280722 324535

I Estimated by calculated first hand value.
2 Minor species includes European eel, European seabass, turbot and wolf-fish.
3 NA = not available.

"Off-label " use ofantibacterial agents
The term "off-label" is normally applied for
any use of a pharmaceutical product in a
species, or for an indication , for which it is not
registered . It was decided not to use this defini
tion, as the statistics provided by NFCS only
gave information about the active substances,
not the specific products . In the present study, a
more restricted definition of «off-label» use
was chosen, namely use in a fish species for
which the drug substance was neither approved,
nor had it been subjected to organised clinical
trials.
As many as 99% of the prescriptions for drugs
for use in Atlantic salmon and rainbow trout
were for antibacterial drugs approved for or
subjected to clinical trial in these species . The
"off-label" use ofdihydrostreptomycin alone or
in combination with procaine penicillin in these
fish species is readily explained by a need for
topical treatment against bacterial infections on
gills and skin.
Dihydrostreptomycin has only been applied on
fry, parr and smolts . The time-span from appli
cation until slaughter would therefore be as
long as 1-2 years. The very limited use of en
rofloxacin was due to subcutaneous administra-

tion of the injectable formulation of Baytril"
to brood-fish of I0 kg. Brood fish are not used
for human consumption.
Although furazolidone may be an efficient
drug, the ("off-label") use of this compound in
salmonids in Norway ceased in 1993 due to rec
ommendations from the Norwegian drug au
thorities. Furazolidone is now banned for use in
food-producing animals in EU and several
other countries.
The rationale behind the prescribing of benzyl
penicillin against bacterial gill disease, "fry dis
ease" and furunculosis on some occasions is
hard to see. This antibiotic possesses little or no
activity against the bacterial genera causing
bacterial gill disease, Cytophaga, Flexibacter
and Flavobacterium (Thurnbull 1993). The
same is true for the pathogen causing furuncu
losis, Aeromonas salmonicida ss. salmonicida
(Munro & Hastings 1993).
In 1996,20% of the prescriptions for antibacte
rial agents for fanned fish in Norway were for
fanned fish species other than salmon and trout,
even though other fish species in 1996 ac
counted for no more than approximately 2.6%
of the total Norwegian aquaculture production
(Directorate of Fisheries 1987). Of the pre-
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sc riptio ns for other fish species, 86% were for

fish below slaug hte r wei ght.

The majo r proportion of the an tibacteria l drugs

prescribed for other fish species were drugs

wh ich we re approved for, or wh ich had been

subjected to cl inical tr ial s in Atl antic sa lmon

and rainbow trout. This may reflect the prep ara

tion market or that the ve terinarians in their ev

ery day pract ice ' fee l sa fe ' when prescribing 'an

approved ' drug. Both the rat e of absorption and

exc retion of a drug may vary con siderabl y be

tween species. Thus, drugs used in a species for

which it has not been approved for or subj ected

to clinical trial is not nec essarily e ffic ient al

though it is proved to be effi cient in other

spec ies .

The prescribing of antibacterial drugs in Nor

wegi an aquac ulture proved to be a lmo st com

pletely reported to NFCS. It is therefore con

cluded that the prescription dat a recored ed by

NFCS inde ed represented the ant ibacterial drug

prescrib ing in Norwegian aquaculture in the

study peri od . Apart from a few aberrations in

the prescrib ing of drugs, the use in Atla nt ic

sa lmon and rai nbow trout of antibacte rial drugs

was found to be rational. The production of

other spe cies in Norwegi an fish farm ing is in

creasing and in the future , antibacteria l drug

prescribing in these fish spec ies sho uld be sur

veyed by prescription stud ies to inves tiga te if

the prescribing patterns a re prudent.
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Sammendrag
Er forskrivningen av antibakterielle midler til opp
drettsfisk i Norge rasjo nell? En undersekelse basert
po reseptdata.

I denne studien ble veterinairenes forskrivning av an
tibakterielle midler i norsk akvakultur i perioden
1991-1996 undersokt basert pa reseptdata samlet inn
fra Fiskeridirektoratets kontrollverk. Vetcrinarenes
rapportering av forskrivningen av antibakterie lle mi
dler til Fiskeridirektoratets kontrollverk ble funnet a
vtere nair fullstendig og det ble derved konkludert
med at datamaterialet representerte den reelle for-



Antibacterial drugs in aquaculture 195

skrivningen av slike midler i norsk fiskeoppdrctt i
studieperioden. De fleste forskrivningene (n = 5 401)
var pa antibakterielle midler til Atlantisk laks eller
regnbueerret, og 383 forskrivninger var til andre
arter . For i all 99% av forskrivninger til Atlantisk laks
og regnbueerret var det ordinerte antibakterielle mid
let enten godkjent til eller under klinisk utprevning
for disse artene . Med unntak av et begrenset antall
forskrivninger, kan det konkluderes at forskrivningen
av antibakteriellc midler til Atlantisk laks og regn-

bueerrct i perioden 1991-1996 var rasjonell . For
skrivningen av antibakterielle midler som ikke var
godkjente eller under klinisk utprevning til opp
drcttsfisk var i hovedsak til fiskestorrelser langt under
slaktevekt og representerte derved ikke noe nrerings
middelhygienisk problem. Det forventes at produk
sjonen av nye arter i norsk oppdrcttsnzering vii eke
stcrkt . I fremtiden ber derfor forskrivningen av an
tibakterielle midler til nye arter overvakes med tanke
pa rasjonell forskrivning.
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