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1. Preface

Bacterial resistance to antimicrobial agents is
character of microbes, mainly bacteria, which
makes them resistant to antimicrobial agents.
During the 1990s the increase in bacterial re-
sistance to antimicrobial agents has emerged,
throughout the world, as one of the major
threats both in human and veterinary medicine.
This development was predicted but the faster
than expected spread of resistant bacteria has
taken even the experts by surprise. Even a small
increase in the prevalence of resistance in the
most significant pathogenic bacteria may lead
to a large increase in morbidity and mortality.

Experts from the European Union assembled
in September 1998 to deliberate upon which
measures should be taken to prevent the spread
of resistant bacteria. A document entitled The
Copenhagen Recommendation, drawn up dur-
ing the assembly, emphasised the importance
of mapping out the spread of antimicrobial re-
sistance in bacteria in order to evaluate the ex-
tent of the problem in each European Union
country.

Wherever antimicrobial agents are used, re-
sistant bacteria are present. The main sector of
resistance-increasing medicine usage, in regard
to human health, lies within the health care sec-
tor. The antimicrobial agents used in animal
care are also significant, not only in increasing
the resistance in animal pathogens, but also in
bacteria transmitted from animals to humans.

Bacterial resistance is a popular topic of dis-
cussion but, with a few exceptions, no compre-
hensive follow-up studies have been published.
This report presents integrated data on the re-
sistance status in Finland of the most clinically
significant bacteria, both in human and veteri-
nary medicine, and of the so-called indicator
bacteria isolated from animals. It is intended

that this will create the framework for publish-

ing a regular report on resistance and its devel-
opment.

The results in this report originate from re-
cently collected data submitted by organisations
and experts who monitor bacterial antimicro-
bial resistance. To provide a perspective of
some years’ duration to the current trends, the
data for some bacteria originate from previous-
ly published studies.

When evaluating the importance of antimi-
crobial resistance figures, many factors must be
taken into consideration, the most important
ones being the selection of study material and
the study methods. Evidently more bacterial
samples are taken from sick humans and sick
animals. Therefore the published resistance fig-
ures represent the status of organisms which
cause more complicated infections. However,
considerable work has been put into standardis-
ing the study methods during the last few years,
producing reliable results.

The production of this report was made pos-
sible by the close cooperation between the dif-
ferent disciplines. The publishers of this report
would like to thank all experts who, with their
work, have contributed to the contents of this
report. We hope that this report will play its
part in contributing to the work done in con-
trolling bacterial resistance in health care, vet-
erinary medicine and animal husbandry.

Tuula Honkanen-Buzalski

Pentti Huovinen




2. Summary

%ﬁer the work 0/ decades

Bacterial susceptibility testing has been carried
out in Finland for decades. The findings of sus-
ceptibility testing have, however, been signifi-
cant only for clinical practice at a local level. It
was not until the 1990s that the first compre-
hensive studies, covering the whole of Finland,
on antimicrobial resistance among the most sig-
nificant bacteria were published. The main rea-
son for this late date was the difference in the
methods used contributing to results that were
not truly comparable.

In 1991 a network named the Finnish Study
Group for Antimicrobial Resistance (FiRe),
dedicated to research into the prevalence of re-
sistance in bacteria isolated from humans, was
founded in Finland. At present FiRe has 26 par-
ticipating clinical microbiology laboratories
throughout Finland. During the first few years
the main task for FiRe was to study the antimi-
crobial resistance by sampling the clinically
most significant bacteria. Bacterial collection
was centralised and the susceptibility tests were
carried out applying the same methods for all
the bacteria. Because sampling studies are
labour intensive, the next step was the stan-
dardisation of all bacterial susceptibility testing
methods employed by the clinical microbiology
laboratories. This led to the publication of the
FiRe Standard in 1996.The Standard is updated
continually in accordance with FiRe’s own
quality control measures and with foreign re-
search. 1997 was the first year when all the
methods were standardised to a level allowing
the comparison of susceptibility results.

Even though as many as 200 000 clinical pa-
tient samples are tested annually in participat-

ing FiRe laboratories, samples are submitted
only from a small proportion of patients with
infections. Doctors working in primary health
care see 5 million patients annually. This is cou-
pled with the number of hospitalised patients
with infections, which mounts up to hundreds
of thousands. Bacterial samples from patients
with infections are usually taken only in the
most serious cases, excepting urinary and throat
cultures. This explains why the majority data
on drug resistance represents bacteria which
cause complicated, prolonged or otherwise ther-
apeutically challenging infections.

The pattern of antimicrobial agents selected
for the bacterial susceptibility testing are in
accordance with the FiRe Standard protocol,
which has been drawn up in collaboration with
physicians specialising in infectious diseases.

The resistance among bacteria isolated from
animals has been tested largely for clinical pur-
poses, as in human medicine. The prevalence of
resistance among salmonella isolated from ani-
mals has been monitored since the 1980s. In
1996 the Ministry of Agriculture and Forestry
issued a report on the use of antibiotics in vet-
erinary medicine, which stated that the develop-
ment of antibiotic resistance among bacteria
isolated from animals and from foodstuffs of
animal origin, should be systematically moni-
tored. The resistance among the most signifi-
cant pathogenic animal bacteria should also be
monitored. The resistance among the so-called
indicator bacteria must also be monitored to
evaluate the resistance due to the consumption
of antibiotic feed additives by animals.

The resistance among animal pathogenic
bacteria has mainly been tested to antibiotics
used in veterinary medicine. The resistance
among zoonotic bacteria has been tested to
important antibiotics used in human medicine.




The resistance among the so-called indicator
bacteria has been tested to both antibiotics used
in veterinary medicine and to antibiotic feed ad-
ditives. :

The methods of testing for antimicrobial re-
sistance also vary in veterinary medicine, be-
cause standards have not yet been applied to all
the bacteria tested.

The inferpretation o/
the resistance ﬁbo@hys

The number of laboratories submitting suscepti-
bility data varies for each bacterium studied;
this may be explained, for example, by some
laboratories only testing bacteria submitted by
primary health care professionals.

In general the antimicrobial susceptibilities
among isolates of a particular type are tested to
several antibiotics. The number of isolates given
in the report refers to the maximum amount of
isolates tested.

\/(?Q\S‘U”S

Some aspects of the susceptibility status of cer-
tain bacteria, isolated as pathogens from prima-
ry care, show worrying developments.

Even though the susceptibility status of
Streptococcus pneumoniae, the most common
causative agent of otitis media and pneumonia,
has remained favourable to penicillin its resis-
tance to macrolides is on the increase. Should
this trend continue, serious problems could ma-
terialise in the future especially in the treatment
of pneumonia as macrolides are, together with
penicillin, the first line treatment of pneumonia.
The resistance of Streptococcus pyogenes,
which causes tonsillitis and skin infections, to
macrolides is once again on the increase. The
increased resistance among both bacteria may
at least partially be explained by increased
macrolide consumption, which calls for an ad-
justment in the antimicrobial policy employed.

The susceptibility status among Salmonella

and Campylobacter, which cause intestinal in-
fections, to fluoroquinolones is on the decrease,
at least in infections acquired abroad. Therefore
a microbiological diagnosis before treating in-
testinal infections is paramount to ensure opti-
mal therapeutic results.

There is also cause for optimism. The sus-
ceptibility status of hospital isolates has re-
mained reasonably favourable. The prevalence
of methicillin resistant Staphylococcus aureus
(MRSA) has remained low throughout Finland,
and MRSA epidemics have been eradicated or
well controlled. The multiresistant Mycobac-
terium tuberculosis is also rare in Finland.

In general the resistance status among bacte-
ria isolated in health care is favourable and its
monitoring is adequate. However, it remains
necessary to develop further surveillance pro-
grammes to ensure that the detection of any
changes in the bacterial resistance status is
more prompt than at present.

Even though the resistance figures presented
here are not statistically fully comparable, it
can be noted that the antibiotic resistance status
of some pathogenic bacteria, both in humans
and in animals, show worrying trends.

In animals, for example, Brachyspira, which
causes diarrhoea in pigs, and Staphylococcus,
which causes bovine mastitis, are highly resis-
tant to those antibiotics which are most often
used therapeutically. However, there is a very
low level of resistance among many bacteria
isolated from animals (e.g. broilers). This can
be explained by the infrequent therapeutic use
of antibiotics, for example in broiler produc-
tion, which prevents the build-up of antimicro-
bial resistance. This report presents resistance
figures among bacteria isolated from foodstuffs
which originate from Finnish animals. The
prevalence of resistance remains very low and
therefore does not contribute towards problems
with antibiotic therapy when treating human
infections caused by zoonotic bacteria.




3. Antimicrobial susceptibility
in medically significant bacteria

3.1. Pathogens in primary care

cS/rep/ococcus pneumoniae

In contrast to South and Central Europe and
the USA the antimicrobial susceptibility among
pneumococci (Streptococcus pneumoniae) has
remained highly favourable in Finland. The sus-
ceptibility among pneumococci to penicillin,
tetracycline and clindamycin show little change.
However, a clear upward trend can be detected
in the resistance to macrolides (erythromycin)
and to sulphatrimethoprim. Strains resistant to
macrolides were rare at the beginning of the
decade, but during 1997 and 1998 there was a
clear increase in resistance. It is noteworthy
that among pneumococci which were either re-
sistant to penicillin or had a reduced suscepti-
bility to it, the erythromycin resistance was 19
% in 1995 but as high as 42 % in 1998.

The increase in resistance to sulphatrimetho-
prim must be viewed with caution as differ-

Streptococcus pneumoniae

ences in figures for years 1988-90/1995 and
1997/1998 may be explained, at least to some
degree, with differences in susceptibility testing
methods.

Material, methods and references

1988-90: Samples of middle-ear fluid of chil-
dren under six years old collected from six
different regions. (n=639)

MIC plate dilution method

Nissinen A, Leinonen M, Huovinen P, Herva E,
Katila M-L, Kontiainen S, Liimatainen O,
QOinonen S, Takala AK, Mikeld PH. Antimicro-
bial resistance of Streptococcus pneumoniae in
Finland, 1987-90. Clin. Infect. Dis. 1995,
20:1275-80.

1995: Fifty consecutive isolates, from January
to June, submitted by 21 FiRe participating
laboratories (n=807)

MIC plate dilution method

Manninen R, Huovinen P, Nissinen A and the

20
17’517,8
|
15
s B 15690, n=639
2 9.7 Y
g 10 " | 1995, n=807
= 6.9 |
. 6.7 "
e 61 - 62 | 1997, n=6106
5 48 4.7 B 45 44 y e
27| 53 F 1 1998 n=5205
1214 L7l '
0l 0.7 0.6
. = £
0 ! I I ! I R = resistant
Penicillin R Penicillin 1+R Erythromycin  Sulphatrimethoprim  Tetracyclines Clindamycin | = intermediately resistant




Haemophilus influenzae
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Finnish Study Group for Antimicrobial Resis-
tance (FiRe). Increasing antimicrobial resistance
in Streptococcus pneumoniae, Haemophilus in-
fluenzae and Moraxella catarrhalis in Finland.
J. Antimicrob. Chemother. 1997, 40:387-392.

1997: Isolates tested throughout the year by 22
participating FiRe laboratories (n=6106)

Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 20
participating FiRe laboratories (n=5245)

Disc sensitivity method in accordance with the
FiRe Standard

]faemopézfus Ibffuenzae

The level of ampicillin resistance in
Haemophilus has remained, despite some fluc-
tuation, at approximately 20-25 %. The major-
ity of these isolates produce beta-lactamase
which explains the efficacy of co-amoxiclav and
cefuroxime therapy. Sulphatrimethoprim resis-
tance is approximately 15 %. The current status
of tetracycline resistance is highly favourable.

Material, methods and references
1988-90: Samples of middle-ear fluid of chil-
dren under six years old collected from six

different regions. (n=578)

MIC plate dilution method

Nissinen A, Herva E, Katila M-L, Kontiainen S,
Liimatainen O, Oinonen S, Takala AK, Huovi-
nen P. Antimicrobial resistance in Haemophilus
influenzae isolated from blood, cerebrospinal flu-
id, middle-ear fluid and throat samples of chil-
dren. A nationwide study in Finland in 1988-
1990. Scand. ]. Infect. Dis. 19985, 27:57-61.

1995: Fifty consecutive H.influenzae isolates,
from January to June, submitted by 21 partici-
pating FiRe laboratories (n=816)

MIC plate dilution method

Manninen R, Huovinen P, Nissinen A and the
Finnish Study Group for Antimicrobial Resis-
tance (FiRe). Increasing antimicrobial resistance
in Streptococcus pneumoniae, Haemophilus in-
fluenzae and Moraxella catarrhalis in Finland.
J. Antimicrob. Chemother. 1997, 40:387-392.

1997: Isolates tested throughout the year by 15
participating FiRe laboratories (n=3945)

Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 17
participating FiRe laboratories (n=4576)

Disc sensitivity method in accordance with the
FiRe Standard

N |



Moraxella catarrhalis
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oraxella catarrbralis

The resistance to ampicillin among Moraxella
catarrhalis has remained at about 90 % for
some years. The resistance is beta-lactamase
mediated which explains the efficacy of co-
amoxoclav and cefuroxime therapy. Macrolide
and tetracycline resistance show no change, but
there is a clear increase in the occurrence of
strains resistant to sulphatrimethoprim.

Material, methods and references

1988-90: Samples of middle-ear fluid of chil-
dren under six years old collected from six
different regions (n=401)

MIC plate dilution method

Nissinen A, Gronroos P, Huovinen P, Herva E,
Katila M-L, Klaukka T, Kontiainen S, Liimatai-
nen S, Oinonen S, Mikeld PH. Development of
beta-lactamase-mediated resistance to penicillin
in pediatric middle-ear isolates of Moraxella ca-
tarrhalis in Finland, 1978-1993. Clin. Infect.
Dis. 1995, 21:1193- 1196.

1995: Twenty-five consecutive isolates of M.
catarrhalis, from January to June 1995, submit-
ted by 21 participating FiRe laboratories (n=446)
MIC plate dilution method

Manninen R, Huovinen P, Nissinen A and the
Finnish Study Group for Antimicrobial Resis-
tance (FiRe). Increasing antimicrobial resistance

Erythromycin

Tetracyclines Sulpha-

trimethoprim

in Streptococcus pneumoniae, Haemophilus in-
fluenzae and Moraxella catarrhalis in Finland.
J. Antimicrob. Chemother. 1997, 40:387-392.

1997: Isolates tested throughout the year by 20
participating FiRe laboratories (n=1813)

Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 15
participating FiRe laboratories (n=2271)

Disc sensitivity method in accordance with the
FiRe Standard

chrep/ococcus pyogenes

The prevalence of macrolide resistance in-
creased from 1990 to 1993 but showed a de-
cline from 1994 to 1997. This is likely to be
due to a decreased consumption of macrolide
antibiotics especially in the treatment of group
A streptococci infections. The increase in resis-
tance in 1998 has been most pronounced in the
region of Helsinki. During 1997 and 1998 the
consumption of macrolide antibiotics was once
again on the increase.

Material, methods and references
1990: Isolates from six different regions in
Finland (n=4436)




Streptococcus pyogenes
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Erythromycin

MIC plate dilution method

Seppild H, Nissinen A, Jarvinen H, Huovinen
S, Henriksson T, Herva E, Jahkola M, Katila
M-L, Klaukka T, Kontiainen S, Liimatainen O,
Oinonen S, Passi-Metsomaa L, and Huovinen P.
Emergence of erythromycin resistance in group
A streptococci. N. Engl. J. Med. 1992,
326:292-297.

1992-1996: Isolates tested throughout the year
by participating FiRe laboratories. (n=4794-
11 193)

Standardised disc sensitivity method (Nissinen
et al. Scand. J. Infect. Dis. 1995, 27:52-56)
Seppala H, Klaukka T, Vuopio-Varkila J, Muo-
tiala A, Helenius H, Lager K, Huovinen P and
the Finnish Study Group for Antimicrobial Re-
sistance. The effects of changes in the consump-
tion of macrolide antibiotics on erythromycin
resistance in group A streptococci in Finland.
New Engl. J. Med. 1997, 337:441-44e6.

1997: Isolates tested throughout the year by 18
participating FiRe laboratories (n=9801)

Disc sensitivity method in accordance with the
FiRe Standard

1998: Tsolates tested throughout the year by 15
participating FiRe laboratories (n=8141)

Disk sensitivity method in accordance with the
FiRe Standard

Clindamycin

Nessseria gon orrhoeae

The proportion of ciprofloxacin resistant
strains has remained at the same level in 1997
and 1998. The prevalence of penicillin and
tetracycline resistant gonococcus is very high
and therefore these agents are no longer used
to treat gonorrhoea.

Material, methods and references

1986: Isolates collected in the regions of Helsin-
ki, Tampere and Turku (n=1535)

MIC plate dilution method

Nissinen A, Jirvinen H, Liimatainen O, Jahkola
M, Huovinen P and the Finnish Study Group
for Antimicrobial Resistance (FiRe). Antimicro-
bial resistance in Neisseria gonorrhoeae in Fin-
land, 1976 to 1995. Sex. Transm. Dis. 1997,
24:576-581.

1993: Isolates collected throughout Finland
(n=337)

MIC plate dilution method (Reference as
above)

1997: Isolates tested throughout the year by 14
participating FiRe laboratories (n=126)

Disc sensitivity method in accordance with the
FiRe Standard; ciprofloxacin susceptibility of

the majority of the isolates was tested by the
E-test (MIC determination method)




Neisseria gonorrhoeae
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1998: Isolates tested throughout the year by 9
participating FiRe laboratories (n=118)

Disc sensitivity method in accordance with the
FiRe Standard; ciprofloxacin susceptibility of
the majority of the isolates was tested by the
E-test (MIC determination method)

cS/a/oé y[ococcas aureus

The status of susceptibility to Staphylococcus
aureus strains isolated in primary care is highly
favourable. The prevalence of strains resistant
to oxacillin and at the same time to all beta-lac-

84.0

Tetracyclines

Staphylococcus aureus

|| 1986, n=1535

1993, n=357
B 1097, 0126

1 1998, n=118

| = intermediately resistant

Ciprofloxacin R = resistant

tam antibiotics is only about 1 % of all isolates.

The resistance to other antibiotics is also below
5 %.

1997: Isolates tested throughout the year by 15
participating FiRe laboratories (n=13 637)
Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 12
participating FiRe laboratories (n=9567)

Disc sensitivity method in accordance with the
FiRe Standard
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Urinary Escherichia coli
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E. coli isolated from primary care urine samples
are highly susceptible to all antibiotics except
ampicillin and trimethoprim. Resistance to nor-
floxacin, which is a fluoroquinolone, and to ni-
trofurantoin is below 5 %. The prevalence of
resistance to mecillinam and cephalothin (a first
generation cephalosporin) is somewhat higher.

Material, methods and references

1997: Isolates tested throughout the year by 14
participating FiRe laboratories. (n=48 539)
Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 13
participating FiRe laboratories (n=35 113)
Disc sensitivity method in accordance with the
FiRe Standard

CSG[IZ? on Q[[d

Salmonella infections are usually treated with
fluoroquinolones as other antimicrobials are not
clinically effective and contribute to a prolonged
carrier status. According to susceptibility test
standards all Salmonella isolated in Finland are
susceptible to ciprofloxacin, which represents

13
5.9 57
il Nl B W

Norfloxacin

B 1598, n=35 113

Nitrofurantoin Trimethoprim

fluoroquinolones in the susceptibility tests. Even
though the strains do not exhibit true resistance
according to guidelines (MIC > 2 pg/ml), several
cases of treatment failure have been described in
medical literature. The causative agents in these
treatment failures have been strains with MIC
from 0.125 to 2 pg/ml. To address this concern
the Antimicrobial Research Laboratory and the
Laboratory of Enteric Pathogens at the National

Salmonella isolates with reduced susceptibility
to ciprofloxacin (MIC > 0,125 pg/ml).

20
19
1038
10 =
4.7
5 _4.5| 3.9
| 20
1.0 '
0 |
Domestic Foreign

o [ e [ e 1998




Public Health Institute have introduced more in-
tensive monitoring on the susceptibility status of
salmonella of this type in Finland. The material
consists of isolates collected annually from one
hundred sequential salmonella isolates both of
domestic and foreign origin (in 1996 two hun-
dred isolates of each category), which have been
susceptibility tested using MIC plate dilution
method. The susceptibilty status of isolates

of domestic origin has remained favourable,
whereas the susceptibility status of isolates of
foreign origin show worrying downward trends.
The genome of all tested strains with lowered
susceptibilty to ciprofloxacin have been shown
to carry a mutation, which is likely to explain
the lowered sensitivity.

References
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Gam/oy/ogacfer

The HUCH (Helsinki University Central Hospi-
tal) Diagnostics has organised intensified moni-
toring of antimicrobial resistance among cam-
bylobacter. In 1996-98 ciprofloxacin resistance
among campylobacter has fluctuated between
32 and 37 %. Ciprofloxacin resistance is rare
in cases acquired domestically. The number of

erythromycin resistant strains has remained at
around 1-2 %.

Helicobacter P y[ori

In the data from the HUCH Diagnostics,
metronidazole resistance among Helicobacter
has fluctuated between 48 and 56 % during the

4.7

% resistant

Isoniazid

Rifampicin

last few years. The occurrence of clarithromycin
resistance has remained below 10 %. These
findings are based on samples collected during
routine diagnostic measures and are irrespective
of the patient having received previous Helico-
bacter eradication therapy.

%cogac/erz'am tuberculosis

The prevalence of antimicrobial resistance in
Mycobacterium tuberculosis, isolated in Fin-
land, is among the lowest in the world, and the
resistance status has shown little change in the
last few years. Isoniazid and rifampicin are the
most important agents used in the treatment of
tuberculosis. In Finland only a few isolates re-
sistant to rifampicin are identified annually, and
isoniazid resistance is 1.5-4.5 %. A combina-
tion resistance to both isoniazid and rifampicin,
which is the most difficult resistance to treat, is
very rare with no cases reported for some years.
So far the unfavourable resistance status in
Russia and the Baltic Countries has not been
reflected in Finland.

Material, methods and references
All M. tuberculosis bacteria isolated in Finland
and submitted to the Mycobacteria Reference



Mycobacterium tuberculosis

0 0 0

Ethambutol

Streptomycin

Laboratory at the National Public Health Insti-
tute are tested annually. The method used has
been the specialised disc sensitivity method de-
signed for the susceptibility testing of tuberculo-
sis bacteria. Wayne LG, Krasnow I. Preparation
of tuberculosis susceptibility testing mediums
by impregnated discs. Am. ]. Pathol. 1966,
45:769-771.

3.2. Pathogens in hospitals

TCRSA

The prevalence of methicillin (oxacillin) resis-
tant Staphylococcus aureus (MRSA) isolates has
varied from year to year depending on the epi-
demiological situation. In 1998 of the 717 cases
of Staphylococcus aureus isolated from blood
cultures 0.7 % were MRSA positive (5 isolates).
The corresponding figure for 1997 was 0.5 %
(4/746). No conclusions about a general trend
can be drawn from these figures as the number
of MRSA positive isolates remains very low.
The figures for 1990 and 1991 were submit-
ted by Orion Diagnostica from their reports.
The figures for 1992-94 comprise MRSA iso-
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1991, n=559
1992, n=510
1993, n=4438

1994, n=416
¢ 1995, n=453
1996, n=441
1997, n=407

. 1998, n=421

lates submitted to the Laboratory for Hospital
Infections at the National Public Health Insti-
tute. Figures from 1995 onwards are the num-
ber of MRSA positive cases entered into the
National Public Health Institute’s Register of
Infectious Diseases. The actual figure for 1995
is a little higher than the one presented; the -
discrepancy being due to the National Public
Health Institute’s Register of Infectious Diseases
being established in 1995 and it is possible that
not all MRSA isolates were registered.

MRSA
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cS/a/oé y[ococcas aureus

The status of susceptibility to Staphylococcus
aureus strains isolated in hospitals is highly
favourable. The prevalence of strains resistant
to oxacillin (MRSA), and at the same time to
all beta-lactam antibiotics, is low. The MRSA
tigures reported by laboratories are clearly
higher than the actual number of MRSA iso-
lates would suggest. This could be explained by
a proportion of the samples being submitted for
screening purposes and several MRSA isolates
representing a single patient. The proportion of
MRSA in 1998 was 0.7 % (189 MRSA strains
among the total of 26 677 S. aureus isolates
from both hospitals and primary care); the cor-
responding figure for 1997 was 0.4 % (120
MRSA strains among 32 529 S. aureus isolates).
These figures compare well with the proportion
of MRSA isolates among blood cultures from
the same years (0.7 % and 0.5 %, respectively;
see number of MRSA isolates). The higher fig-
ures for oxacillin resistance are presented here
because the prevalence of resistance of other
antimicrobials has been calculated in accor-
dance with this oxacillin resistance figure. Ery-
thromycin resistance is just above § %, but
otherwise the prevalence of resistance is below
that. To date no vancomycin resistant strains
have emerged.

Staphylococcus aureus
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1997: Isolates tested throughout the year by 18
participating FiRe laboratories (n=18 892)
Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 16
participating FiRe laboratories (n=17 110)
Disc sensitivity method in accordance with the
FiRe Standard
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Escherichia coli
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tazobactam and ceftriaxon
Escherichia colt Material and methods

1997: Tsolates tested throughout the year by 19
E. coli collected in hospitals are mainly isolated participating FiRe laboratories (n=29 664)

from urine samples. The level of resistance of Disc sensitivity method in accordance with the
these isolates is very similar to that of E. coli FiRe Standard

collected from urine samples from the primary

health care sector. The efficacy of medication 1998: Tsolates tested throughout the year by 16
administered intravenously in hospitals is excel-  participating FiRe laboratories (n=22 727)
lent. Disc sensitivity method in accordance with the

FiRe Standard
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Hlebsiella Spp.

Klebsiella isolated from hospital samples is
highly susceptible to cefuroxime, cefotaxime

(a third generation cephalosporin), piperacillin-
tazobactam, netilmicin (an aminoglycoside) and
ciprofloxacin (a fluoroquinolone). However,
high levels of resistance to antimicrobial agents
used to treat urinary tract infections have
emerged during the follow-up period; an excep-
tion being sulphatrimethoprim, its resistance
levels being about half of those of trimethoprim
and nitrofurantoin.

Material and methods

1997: Isolates tested throughout the year by 19
participating FiRe laboratories (n=6426)

Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 15
participating FiRe laboratories (n=4591)

Disc sensitivity method in accordance with the
FiRe Standard

%euofomonas aerayzbosa

Pseudomonas aeruginosa hospital isolates are
highly susceptible to ceftazidime, imipenem and

Pseudomonas aeruginosa

tobramycin. The prevalence of resistance to
ciprofloxacin and piperacillin-tazobactam is
slightly higher in relation to other antimicro-
bials. When comparing the resistance figures
the large inter-hospital variation, which is de-
pendant on the epidemic situation, must be
taken into account.

Material and methods

1997: Isolates tested throughout the year by 19
participating FiRe laboratories (n=12 393)
Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 19
participating FiRe laboratories (n=8038)

Disc sensitivity method in accordance with the
FiRe Standard

Enterococcus /aeca/zlv

The majority of Enterococcus faecalis hospital
isolates are susceptible to the antimicrobials
tested. The seven vancomycin resistant isolates
(0.07 %) reported in 1997 submitted by five
different laboratories constitute a rare excep-
tion; however, there is a possibility of a
methodological error in either typing or sus-
ceptibility testing.
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Material and methods

1997: Isolates tested throughout the year by 16
participating FiRe laboratories (n=11 257)
Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 16
participating FiRe laboratories (n=10 378)

Disc sensitivity method in accordance with the
FiRe Standard

Enterococcus /aecz'um

The majority of Enterococcus faecium hospital
isolates are resistant to ampicillin. In the data
for 1997 the prevalence of vancomycin resis-
tance is high because the material includes a
large number of samples submitted for screen-
ing purposes especially by Helsinki University
Central Hospital (HUCH). Two different fig-
ures are presented here, one without the HUCH
figures. The figures for other hospitals with
lower incidence of resistance also contain some
screening samples. Nitrofurantoin resistance has
remained below 3 %.

Material and methods
1997: Isolates tested throughout the year by 15
participating FiRe laboratories (n=2147)

Enterococcus faecalis
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1997, n=11 257

1998, n=10 378

Disc sensitivity method in accordance with the
FiRe Standard

1998: Isolates tested throughout the year by 14
participating FiRe laboratories (n=1742)

Disc sensitivity method in accordance with the
FiRe Standard
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4. Consumption of antimicrobial
agents in health care

The figures for the consumption of antimicro-
bial agents have been published annually as The
Finnish Statistics on Medicines for over twenty
years. The Finnish Statistics on Medicines is
published jointly by the National Agency for
Medicines (Laikelaitos) and the Social Insur-
ance Institution of Finland (KELA). The level of
consumption of systemic antibacterial drugs
(ATC Code J01) showed no change from 1990
to 1995 with DDD (defined daily dose) /1000
inhabitants/day fluctuating from 19.4 to 21.3.
However, since 1996 a downward trend has
been evident, and the decade’s lowest consump-
tion level of 18.9 DDD/1000 inhabitants/day
was reached in 1998. The hospital share of the
total consumption has for a long time been over
ten per cent and in 1998 it was 14 %.

The most used antibacterial drugs in Finland
in 1998 were penicillins, including amoxycillin
(6.02 DDD/1000 inhabitants/day), tetracyclines

Consumption of antibacterial agents in Finland.
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(4.90 DDD/1000 inhabitants /day), cephalo-
sporins (2.60 DDD/1000 inhabitants/day; 2.10
DDD/1000 inhabitants/day of first generation
cephalosporins), sulphonamides and trimetho-
prim (2.36 DDD/1000 inhabitants/day) and
macrolides (2.08 DDD/1000 inhabitants/day).
More detailed information about the usage of
antibacterial drugs has been published in The
Finnish Statistics on Medicines.

The main reason for the decline in the con-
sumption of macrolides is likely to be the ongo-
ing reassessment, throughout the health care
system, of the principles of antimicrobial thera-
py. The increased importance of bacterial resis-
tance has emphasised the need for implement-
ing a prudent antibiotic policy. The MIKSTRA
programme (Antimicrobial Treatment Strate-
gies) was introduced in 1998, which is designed
to develop the diagnostics and optimise the
treatment of the most common infections en-
countered in primary care (MIKSTRA work
group, 1999). The MIKSTRA programme in-
cludes, as well as drug consumption surveil-
lance, the drawing up of treatment guidelines
for new primary care infections in conjunction
with the current care guidelines supplied by the
Finnish Medical Society Duodecim.

References

National Agency for Medicines (Liikelaitos)
and the Social Insurance Institution (KELA).
The Finnish Statistics on Medicines 1990-1998.

MIKSTRA-work group. Antibiootteja
maardtiddn entistd harkitummin. MIKSTRA-
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5. Antimicrobial resistance among bacteria isolated
from animals and foodstuffs originating from animals

5.1. Resistance
in indicator bacteria

Antimicrobials are used in animal husbandry
both therapeutically and as feed additives. In
Finland the main consumption of antimicrobial
feed additives has been among the pig and
poultry industry. The effect of antimicrobial
feed additives is based mainly on their prophy-
lactic effect on certain pathogenic bacteria. The
consumption of antimicrobials as feed additives
has been restricted in recent years, as it has
been shown that their consumption will in-
crease the resistance not only among the patho-
genic bacteria but also among the bacteria of
normal flora. An example is a former poultry
feed additive, avoparcin, which has been shown
to contribute towards a so-called cross resis-
tance to a highly important human antimicro-
bial of the same group, vancomycin. The resis-
tance of normal flora bacteria is in general
studied using Escherichia coli and enterococci
(usually Enterococcus faecalis and E. faecium)
as indicator bacteria. Systematic research aimed
at indicator bacteria is relatively new. In 1996
the first widespread study on antimicrobial re-
sistance in indicator bacteria from broilers and
pigs was carried out in Finland.

Enterococer and’

Escherichia colr in broilers

Isolates from the faeces and neck skin samples
of healthy broilers included both Enterococcus
and E. coli, which are considered appropriate

to demonstrate the resistance among non-path-
ogenic bacteria, namely indicator bacteria. The
resistance among Enterococcus to eight antimi-

% resistant

crobials used in animal therapeutics was deter-
mined. The resistance among enterobacteria to
vancomycin, a drug used in human medicine,
was also determined. The resistance among
Enterococcus faecalis to six antimicrobial feed
additives was determined.

Enterococci were highly susceptible to an-
timicrobials used in animal therapeutics. Only
the resistance to tetracycline (37 %) was higher
than that of the others; poultry infections are
treated with tetracycline more often than with
the other antimicrobials tested. The tylosin re-
sistance among Enterococcus was 9 %. Four
per cent of Enterococcus exhibited resistance to
three or more antimicrobials. Among feed addi-
tives there was resistance to avoparcin (11 %),
bacitracin (19 %) and virginiamycin (17 %).
The use of virginiamycin was discontinued in

Prevalence of antimicrobial resistance among
Enterococcus (n=533) isolated from broilers in 1996.




% resistant

Prevalence of antimicrobial resistance among E. coli
(n=341) isolated from broilers in 1996.

1990, the use of zinc bacitracin in 1993 and the
use of avoparcin in 1996. Because no resistance
figures exist from the time period when the be-
forementioned feed additives were used, no
comment may be made about the change in re-
sistance figures. Monensin and salinomycin
continue to be used as feed additives, no occur-
rence of resistance to them was detected and
they are not known to contribute towards cross
resistance with therapeutic antimicrobials. Avil-
amycin has not been used in Finland.

The resistance among E. coli to ampicillin,
streptomycin and trimethoprim was below
10 %. The figure for sulphonamides and tetra-
cycline was somewhat higher. Fourteen percent
of E. coli isolates were multiresistant strains.

The susceptibility of indicator bacteria from
broilers to therapeutic antimicrobials reflects
the low consumption of antimicrobials in broil-
er production.

Material and methods

At slaughter the total of 541 Enterococcus iso-
lates and 342 E. coli isolates were identified
from the faeces (n=86) and neck skin samples
(n=85) from broilers. The samples originated
from 79 farms, which represented over one
third of all broiler producers. The antimicrobial

resistance to ampicillin, erythromycin, chloram-
phenicol, spiramycin, trimethoprim and van-
comycin was determined in accordance with a
NCCLS (vol. 34, no 20, 1994) standard. The
resistance to tylosin was tested by determining
MIC. The resistance among Enterococcus fae-
cium (n=52) to carbadox, olaquindox, avil-
amycin, avoparcin, zinc bacitracin, monensin,
salinomycin, tylosin and virginiamycin was test-
ed by determining MIC. Isolates were consid-
ered resistant to carbadox and olaquindox if
they had a MIC > 64 pg/ml. The corresponding
breakpoint for avilamycin, avoparcin, mon-
ensin, salinomycin and tylosin was 16 pg/ml,
for zinc bacitracin 128 pg/ml and for virgini-
amycin 4 pg/ml.

References

Tylosin and spiramycin as feed additives, Publi-
cations of Ministry of Agriculture and Forestry
5/1997, Authors: Tast E, Honkanen-Buzalski T
and Mannerkorpi P.

Associations between the use of antimicrobial
agents for growth promotion and the occur-
rence or resistance among Enterococcus faeci-
um from broilers and pigs in Denmark, Finland
and Norway. Aarestrup E M. et al. (manu-
script)

Prevalence of resistance to antimicrobial feed additives
among Enterococcus faecium isolated from broilers in 1996.
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Enterococer and

Escherichia colr in /oz'ys

Both enterococci and E. coli were isolated from
faecal samples collected from fattening pigs at
slaughter. The antimicrobial resistance of these
indicator bacteria was determined. The resis-
tance in enterococci was determined to nine an-
timicrobials, of these neither chloramphenicol
nor vancomycin is used in animal therapeutics.
The resistance in E. coli was determined to
eight antimicrobials used in animal therapeutics
and to two antimicrobial feed additives, carba-
dox and olaquindox. The resistance in Entero-
coccus faecium was determined to six antimi-
crobial feed additives.

The prevalence of resistance among entero-
cocci isolated from pigs was over 50 % to
tetracycline, over 10 % to erythromycin and
spiramycin and 15 % to tylosin. These are all
used in animal therapeutics. The resistance
percentages are higher than the corresponding
figures obtained from broilers (Page 24). The
prevalence ‘of resistance to antimicrobial feed
additives was as follows: avoparcin 4.4 %, zinc

Prevalence of antimicrobial resistance
among Enterococcus (n=204 ) isolated from
the faeces of fattening pigs in 1996.

% resistant

bacitracin 9.3 % and virginiamycin 2.3 %. The
use of avoparcin was discontinued in Finland in
1995. Zinc bacitracin has not been used since
1993 and virginiamycin has not been used since
1990. (Page 40).

The prevalence of resistance among E. coli
was highest to tetracycline, sulphonamides and
streptomycin. When the resistance figures of in-
dicator bacteria and pathogenic E. coli are com-
pared (Page 31) it is noted that the pathogenic
bacteria were always more resistant, but the
resistance profile is similar. The resistance to
antimicrobial feed additives, carbadox and
olaquindox, was 11 % and 24 %, respectively.
Carbadox and olaquindox have been regularly
added to commercial piglet feed and to some
fattening pig feed meal throughout the 1990s
(Page 40). In September 1999 the use of carba-
dox and olaquindox as feed additives in pigs
were banned in European Union.

Material and methods

The enterococci and E. coli were isolated at
three abattoirs; the pigs originated from 180
different farms. The resistance among entero-
cocci (n=204 resistance tested) was tested ac-

Prevalence of antimicrobial resistance among
Escherichia coli (n= 357) isolated from
the faeces of fattening pigs in 1996.
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cording to a NCCLS standard (vol. 34, no 20,
1994) to ampicillin, erythromycin, chloram-
phenicol, penicillin, spiramycin, tetracycline,
trimethoprim and vancomycin. Tylosin resis-
tance was tested by determining MIC, and iso-
lates with MIC > 16 pg/ml were considered re-
sistant. The resistance among E. coli (n=357)
was determined to ampicillin, enrofloxacillin,
gentamicin, neomycin, streptomycin, sulfon-
amides, sulphatrimethoprim and tetracyclines.
The resistance among E. coli to carbadox and
olaquindox was also determined.

The resistance among Enterococcus faecium
(n=43) to carbadox, olaquindox, avilamycin,
avoparcin, zinc bacitracin, monensin, salino-
mycin, tylosin and virginiamycin was tested by
determining MIC. Isolates with MIC > 64 pg/ml
were considered resistant to carbadox and
olaquindox. The corresponding breakpoints for
avilamycin, avoparcin, monensin, salinomycin
and tylosin were 16 pg/ml, zinc bacitracin 128
pg/ml and virginiamycin 4 pg/ml.

References
Tylosin and spiramycin as feed additives, Publi-

Prevalence of antimicrobial resistance to antimicrohial
feed additives among Enterococcus faecium (n=43)
isolated from the faeces of fattening pigs.

Prevalence of antimicrobial resistance to antimicrobial feed
additives, carhadox and olaquindox, among Escherichia coli
{n=357) isolated from the faeces of fattening pigs.

MIC (ugiml), number of strains
0o 2 4 8

Carbadox 7 23 48 86 91 61 27
Olaquindox 0 0 1 10 78 181 71
Carbadox resistance,
when the limit for susceptible is > 64 11.48 %
Olaguindox resistance,
when the limit for susceptible is > 64 24.37 %

cations of Ministry of Agriculture and Forestry
5/1997, authors Tast, E., Honkanen-Buzalski,
T. and Mannerkorpi, P.

Associations between the use of antimicrobial
agents for growth promotion and the occur-
rence or resistance among Enterococcus faeci-
um from broilers and pigs in Denmark, Finland
and Norway. Aarestrup E M. et al. (manu-
script)

5.2. Resistance in zoonotic hacteria

Among the zoonotic bacteria, only antimicro-
bial resistance in Salmonella has been under
surveillance since 1983. The following material
on other zoonotic bacteria is relatively limited
and the resistance has mainly been tested to an-
timicrobials used in human medicine. The resis-
tance study on zoonotic bacteria shows that
zoonotic bacteria isolated in Finland are, over-
all, susceptible to therapeutic antimicrobials.

CSG[IZ? on e[[ a

Salmonella cause intestinal infections in ani-
mals, but animals may also remain as symp-
tom-free carriers. The presence of Salmonella in
production animals imposes a significant food
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Prevalence of antimicrobial resistance among Salmonella in 1983-1998.
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hygiene risk. The prevalence of resistance
among Salmonella isolated from zoonotic ani-
mal bacteria has been under regular surveillance
since 1983. The data from 1996 onwards cov-
ers the whole of Finland. Salmonella infections
in production animals are not treated with an-
timicrobials in Finland, which explains the low
resistance figures.

The most common salmonellosis among
poultry is caused by S. Infantis. Among the

antimicrobials used for animal medication,
resistance occurs mainly to streptomycin only.
Among the Salmonella isolated from cattle,
resistance occurs mainly to streptomycin and
tetracycline. The first multiresistant S. Ty-
phimurium strain was isolated in 199S. Since
1995 only few isolations of multiresistant
DT104 strains have been identified annually
from cattle. Some multiresistant strains have

also been identified from cats and dogs.




Prevalence of antimicrobial resistance among Salmonella isolated from cattle and abattoirs.
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Material and methods

Salmonella isolates in Finland are submitted

to the National Veterinary and Food Research
Institute (EELA) for serotyping and resistance
testing. Since 1995 the resistance to antimicro-
bials has been tested according to a NCCLS
standard (vol. 10, no 7, 1990). Before this the
limit values were in accordance with the disc
manufacturer’s (Rosco) recommendations. The
culture media used have been DST, Miiller Hin-
ton and Isosensitest agars. When interpreting
the results, one strain/ year with different an-
timicrobial susceptibility has been included
from each animal production unit. The antimi-
crobial resistance to ampicillin, chlorampheni-
col, streptomycin and tetracycline was deter-
mined throughout the follow-up period. Resis-
tance testing has been done to neomycin from
1983 to 1986, to sulphonamide until 1994 and
to sulphatrimethoprim since 1995.

Listeria monocy/o genes

Listeria monocytogenes is commonly found in

the environment. It can be isolated from the gut
of warm-blooded animals, from the soil, water,
animal feed and foodstuffs. Foodstuffs are con-

Cefotaxime Cloramphenicol Ciprofloxacin ~ Streptomycin

Sulpha-
trimethoprim

Tetracyclines

sidered to be the most significant source of hu-
man infection. Some twenty or thirty serious
human listeria infections are identified annually
in Finland. L. monocytogenes infections rarely
cause disease in animals.

The prevalence of resistance among Listeria
monocytogenes isolated from both foodstuffs
and their production environment was deter-
mined to six antimicrobials used in human ther-
apeutics. All bacteria tested were susceptible to
all six antimicrobials.

Material and methods

Listeria monocytogenes bacteria have been
isolated at the National Veterinary and Food
Research Institute (EELA) in 1995-1998 from
broilers, fish and their production environment.
The antimicrobial resistance was tested accord-
ing to a NCCLS standard (vol. 10, no 7, 1990)
by determining MIC for ampicillin, penicillin,
erythromycin, rifampicin, tetracycline and van-
comycin.




Prevalence of antimicrobial resistance among L. monocytogenes isolated from fish products and broilers in 1995-1998.

Number and source of
L. monocytogenes strains

Broiler (26)

Environm. samples (5), broiler

Fish (20)

Environm. samples (2), fish

Others (15)

Antimicrobials

Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin

Range

0.12 - 0.25
0.25

0.06 - 0.25
0.015 - 0.25
0.5

1

0.12 - 0.25
0.25

0.25
0.03-0.12
0.5

1
0.12-0.25
0.25

0.12 - 0.25
0.015 - 0.12
0.25-0.5
0.5 -1
0.12-0.5
0.25

0.25

0.015 - 0.12
0.5

0.5 -1
0.12-0.5
0.25 - 0.5
0.12-0.5
0.015 - 0.12
0.25 -1
0.5-1

MIC (ug/ml)
50%

0.12
0.25
0.25
0.06
0.5
1
0.12
0.25
0.25
0.06
0.5
1
0.25
0.25
0.25
0.06
0.5

0.12
0.25
0.25
0.015
0.5
0.5
0.25
0.25
0.25
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Prevalence of antimicrohial resistance among L. monocytogenes isolated from foodstuffs and their production environment in 1999.

Number and source of
L. monocytogenes strains

Butter (4)

Environm. samples (4)

Others (4)

Antimicrobials

Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin
Ampicillin
Erythromysin
Penicillin
Rifampicin
Tetracyclines
Vancomycin

Range

0.5

0.5
0.25-0.5
0.015 - 0.06
1-2

1

0.5

0.5

0.25 - 0.5
0.015 - 0.06
1

1

0.12-0.5
0.25 - 0.5
0.12-0.25
0.015 - 0.06
0.5 -1

1

MIC (ng/ml)
50%
0.5
0.5
0.5
0.015
1

1

0.5
0.5
0.25
0.015
1

1
0.12
0.25
0.12
0.06
0.5

90%
0.5
0.5
0.5

0.06

2

1
0.5
0.5
0.5
0.06
1

1
0.5
0.5
0.25
0.06

Resistance (%)
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The resistance among Campylobacter jejuni (n= 56)
isolated from broiler meat and faeces in 1998.

Antimicrobials Resistance (%)

Ampicillin 25 ug 4

Erythromycin 15 ug 0

Nalidixic acid 30 pug 0

Oxytetracycline 30 ug 0
Gam/oy/ogac/er jejuni

Campylobacter cause food poisoning. Contami-
nated drinking water or poultry meat is the
most common source of infection. Campylobac-
ter do not usually cause symptoms in animals.
The majority of Campylobacter infections iso-
lated in Finland are of foreign origin. Campy-
lobacter jejuni isolated from Finnish broiler
meat and faeces exhibited very low levels of
resistance. Four antimicrobials used in human
therapeutics were tested. Of the samples only
four percent were resistant to ampicillin. In
Finland neither human nor animal therapeutic
antimicrobials are used in broiler production,
which explains the low level of resistance. The
consumption of coccidiostats has had no effect
on the resistance to the antimicrobials tested.

Material and methods

The resistance of Campylobacter jejuni isolated
from broiler faeces and broilers sold in the
shops was determined to ampicillin, erythro-
mycin, nalidixic acid and oxytetracycline. The
resistance was tested according to a NCCLS
standard (M2-A4, vol. 10, no 7, 1990).

Enterobaemorrhaqic

Cscherichia colr / EAHEC /

The prevalence of infections caused by entero-
haemorrhagic E. coli, i.e. the EHEC strain, has
increased in the 1990s in almost all industri-
alised countries. In Finland they are also isolated
tens of times every year. The most significant
serotype for the strain is O157:H7. In 1998 the

antimicrobial susceptibility of 166 cases of
O157-serotypes collected by the National Vet-
erinary and Food Research Institute (EELA)
from animal isolates and by the National Public
Health Institute (KTL) from human isolates was
determined by MIC plate dilution method in the
Antimicrobial Research Laboratory of the KTL.

In the studies the bacteria exhibited a high
susceptibility to the antimicrobials tested. There
was no occurrence of resistance or lowered sus-
ceptibility to ampicillin (MIC > 8 pg/ml), first
and second generation cephalosporins (MIC >
8 pg/ml), cefotaxime (MIC > 0.064 pg/ml), gen-
tamicin (MIC > 4 pg/ml), ciprofloxacin (MIC >
0.064 pg/ml) or trimethoprim (MIC > 1.0
pg/ml). Of the isolates tested 6,6 % were resis-
tant or had a lowered level of susceptibility to
sulphonamides (MIC > 256 pg/ml), 3.0 % to
tetracycline (MIC > 8 pg/ml) and 2.4 % to
chloramphenicol (MIC > 8 pg/ml).

It is noteworthy that antimicrobials are not
administered to treat EHEC infections. The aim
of the antimicrobial susceptibility testing was to
determine the selective pressure on EHEC by
antimicrobials other than those used therapeuti-
cally. According to these findings, in compari-
son to other pathogenic E. coli strains, EHEC
is highly susceptible to antimicrobials.

5.3. Resistance in hacteria
isolated from animal infections

Antimicrobial resistance testing on bacteria iso-
lated from animal infections has been carried
out for a few decades. The aim of the testing
has been to ensure that the correct therapeutic
antimicrobial is used. For practical reasons,
only samples of some bacterial infections have
been cultured and submitted to antimicrobial
resistance testing. A laboratory test has often
been requested only after a failed treatment
with a "blindly" chosen antimicrobial. It fol-
lows that the bacterial samples in the laborato-
ry consist of strains which reflect higher inci-




dence of resistance than the actual situation
warrants. The following is an account of the
prevalence of resistance to antimicrobials,
mainly to those used in animal therapeutics,
among bacteria isolated from animal infections.
Standardised methods are not always available
for resistance testing, for example for bacteria
causing fish diseases. In these cases the results
are for guidance only and they may only be
compared with tests performed using the same
methods.

It is evident from the resistance tests that re-
sistance is most prevalent to those antimicro-
bials which are most often used therapeutically.
The resistance status of some bacteria to certain
antimicrobials is unfavourable.

Futbo yenz'c Escherichia
colr in piys

Escherichia coli in pigs usually cause infections
in the gastrointestinal tract of piglets and other
diseases like mastitis in the sows. Antimicro-
bials are usually used to treat E. coli infections.
Some resistance to all antimicrobials used thera-
peutically was identified. The resistance to
streptomycin and tetracycline was approximate-
ly 50 % and to sulphatrimethoprim approxi-
mately 30 % and to neomycin approximately

Prevalence of resistance to antimicrobial feed additives, carbadox and
olaquindox, among pathogenic Escherichia coli isolated from pigs.

MIC (ng/ml), number of strains

4 8 16 32 64 128 =128
Carbadox 12 S6 56 45 38 4
Olaguindox 2 34 110 S8 6 1
Carbadox resistance,
when the limit for susceptible is > 64 19.91 %
Olaquindox resistance,
when the limit for susceptible is > 64 3.31 %

20 %. These antimicrobials have been used
therapeutically in pigs for almost thirty years.
First generation cephalosporins and ampicillin
have been used since the 1980s and enrofloxa-
cin since the 1990s.

The most common antimicrobial feed addi-
tives consumed by piglets and fattening pigs in
the 1990s have been carbadox and olaquindox.
Approximately 20 % of pathogenic E. coli iso-
lates identified in 1994-1999 were resistant
to carbadox and 3 % to olaquindox. The con-
sumption of olaquindox in 1990-1994 was very
small compared to that of carbadox (Page 40).
Since 1994 the consumption of carbadox has
declined considerably and the consumption of
olaquindox has increased respectively.

Prevalence of antimicrobial resistance among pathogenic Escherichia coli
isolated from pigs in 1996-1998.
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% resistant

Material and methods

Pathogenic E. coli (1996 n=155, 1997 n=179
and 1998 n=162) have been isolated at the Na-
tional Public Health Institute (EELA) from di-
agnostic submission from pigs, mainly from en-
teric infections. All pathogenic E. coli are sub-
mitted for resistance testing and one distinct
resistance profile per pig farm was included in
the results. The antimicrobial resistance was
determined according to a NCCLS standard
(M31-P, vol. 14, no 20, 1994, proposal) to
ampicillin, enrofloxacin, tetracycline and sul-
phatrimethoprim and according to M2-AS, vol.
13, no 24, 1993 to cefuroxime, cefotaxime and
streptomycin; the value limits for neomycin
were R <12, 1=13-16 and S > 17. The resis-
tance to carbadox and olaquindox was tested
by determining the MIC for 211 E. coli isolates
identified in 1994-1999. An isolate was consid-
ered resistant to carbadox and olaquindox if
the MIC > 64 pg/ml.

Drach yspzfa §77, pz'ys

Brachyspira cause intestinal infections in
weaned piglets and young fattening pigs. Patho-
genic Brachyspira strains are Brachyspira hyo-
dysenteriae and B. pilosicoli. The pathogenicity
of B. intermedia is unclear. Bacteria of Brachy-

spira sp. Group III are not pathogenic. Antimi-
crobial therapy, coupled with general sanitation
measures, is employed in the preventative work
towards diarrhoea caused by Brachyspira. Ty-
losin and lincomycin have been used in pigs
since the 1980s to treat diarrhoea caused by
Brachyspira spp.

All Brachyspira spp. were highly resistant to
tylosin and lincomycin but the resistance among
the non-pathogenic strains was slightly less.
Thiamulin resistance, however, was identified
only in a few isolates. The use of thiamulin for
the treatment of diarrhoea caused by Brachyspi-
ra spp. was not widely used until the 1990s.

Material and methods
The antimicrobial susceptibility among B. hyo-
dysenteriae and B. pilosicoli, which are patho-
genic in pig, and B. intermedia, the pathogenici-
ty of which is unclear, was tested to the follow-
ing antimicrobials: lincomycin, tylosin and thia-
mulin. In addition the isolates from the non-
pathogenic Brachyspira sp. Group III were sus-
ceptibility tested to the same antimicrobials.
The bacteria were isolated from faecal samples
from pigs or samples collected at autopsy, and
were examined at the National Veterinary and
Food Research Institute (EELA).

The susceptibility testing was done by agar
dilution method. The culture media used was

Prevalence of resistance to tylosin, lincomycin and thiamulin among Brachyspira spp. isolated from pigs in 1996-1998.
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Prevalence of antimicrobial resistance among Staphylococci isolated from mastitis in cows in 1988 and 1995.
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trypticase soy agar with the addition of 5 %
sheep blood. Plates were incubated at 42° C for
six days. The limit values for tylosin and thia-
mulin were 4 pg/ml and 1.0 pg/ml, and for lin-
comycin 32.0 pg/ml and 4.0 pg/ml.

cS/apﬁ y[ococcz' ssolated /9‘0122

mastilss in cows

Staphylococci are the most common causative
agents of bovine mastitis. Both narrow and
broad spectrum antimicrobials are used in the

treatment of mastitis either as intramammary
tubes or as injectables. From 1988 to 1995 a
survey was carried out in Finland to map out
the prevalence of mastitis. The occurrence of re-
sistance among Staphylococcus aureus and co-
agulase-negative staphylococci (CNS) isolated
from milk samples was determined to eight an-
timicrobials used therapeutically in cows. The
resistance levels were highest to penicillin, tetra-
cycline and erythromycin. Both the resistance to
penicillin and to coagulase-negative staphylo-
cocci (CNS) increased significantly during the
survey period. Mastitis caused by staphylococci
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is usually treated by beta-lactam antimicrobials.
The treatment of penicillin resistant staphylo-
cocci has included, amongst others, cloxacilin,
first generation cephalosporin, tetracycline, ery-
thromycin and enrofloxacin. The administra-
tion of enrofloxacin for the treatment of masti-
tis is no longer recommended.

Material and methods

In 1988 milk samples from 17111 cows from
493 dairy farms and in 1995 samples from

10 410 cows from 238 dairy farms were taken.
The milk samples were analyzed for bacteria
which cause mastitis. The resistance among S.
aureus (1988 n=344, 1995 n=154) and coagu-
lase-negative staphylococci (1988 n=237, 1995
n=183) to cephalothin, erythromycin, enro-
tloxacin, neomycin, oxacillin, penicillin, tetracy-
cline and sulphatrimethoprim was tested ac-
cording to a NCCLS standard (vol. 14, no 20,
1994) using Rosco discs with Miiller Hinton
agar in 1988 and Oxoid discs with Isosensitest
agar in 1995,
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Aeromonas salmonicida SPP.

salmonicida in ﬁsé

Aeromonas salmonicida ssp. salmonicida causes
furunculosis in salmonids. Fish of all age are
susceptible to furunculosis during the warm wa-
ter season and the fry also during the cold wa-
ter season. Furunculosis is treated with antimi-
crobials, which are usually mixed with feed.
The recommended antimicrobial of choice is
tetracycline, followed by oxolinic acid. Sulpho-
namides have the least effect.

During the resistance follow-up period from
1991 to 1998 the resistance to tetracycline has
fluctuated between 64 % and 19 %. Soon after
the introduction of oxolinic acid the resistance
to it increased to 30-40 %. The resistance to
sulphatrimethoprim has remained at around 20
% . Improvements in fish farming conditions
and the use of vaccines are essential to keep the
consumption of antimicrobials as low as possi-

ble.

Material and methods

Aeromonas salmonicida ssp. salmonicida have
been isolated by the National Veterinary and
Food Research Institute (EELA) between 1991
and 1995 from diagnostic submissions from
fish farms situated on the south coast of Fin-

Prevalence of antimicrobial resistance among
Aeromonas salmonicida ssp. salmonicida isolated from fish in 1991-1998.
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land and inland water areas. From 1996 bacter-
ial isolates for this data have been collected na-
tionwide. The number of isolates tested has re-
mained relatively low, fluctuating from 14 to
39. The submission from a fish farm to this da-
ta contains only one isolate with different an-
timicrobial susceptibility / fish species / year.

The resistance of the bacteria to tetracycline,
sulphatrimethoprim and oxolinic acid has been
determined by agar diffusion method at incuba-
tion temperature of 22° C with Miiller Hinton
agar as the culture medium. From 1991 to
1993 Rosco discs were used and limit values
supplied by the manufacturer were employed.
The following limit values were used when test-
ing oxolinic acid R <28 mm, I = 29-32 mm
and S = 33 mm. From 1994 Oxoid discs were
used with a NCCLS standard (vol. 34, no 20,
1994) limit values for tetracycline and sulpha-
trimethoprim. The limit values for oxolinic
acid were R <19 mm, I = 20-25 mm and S >
26 mm.

Havobacterium in ﬁsﬁ

Flavobacterium psychrophilum and E colum-
naris cause ulcerating skin inflammations and
systemic infections in fish under breeding condi-
tions. Fry under one year old have the worst
mortality rate, but older fish may also be vul-
nerable to infection. It was not until the early
1990s that the first cases were identified on fish
farms in Finland. Tetracycline, and sometimes
sulphatrimethoprim, is usually used as the ther-
apeutic agent.

Flavobacterium are cultured on special cul-
ture media; it is not known whether these affect
the susceptibility testing. Because it is also diffi-
cult to standardise the intensity of growth, low-
ered susceptibility may only be roughly estimat-
ed. Both F. psychrophilum and E columnaris
exhibited resistance to sulphatrimethoprim, but
only F. psychrophilum exhibited resistance to
oxolinic acid. To date no resistance to tetracy-
cline has emerged.

% resistant

Prevalence of antimicrobial resistance among
Flavobacterium psychrophilum (n=25) and Flavobacterium
columnaris (n=19) isolated from fish in 1993-1999.
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Material and methods

Flavobacterium isolates have been identified at
the National Veterinary and Food Research In-
stitute (EELA) mainly from diagnostic submis-
sions from fish farms in North Finland from
1993 to 1999. Anacker-Ordal culture media
was used in the susceptibility testing, incubation
temperature was 15° C for E psycrophilum and
20° C for E. columnaris, incubation time varied
from two to four days. Isolates were considered
to have lowered susceptibility if the zone of in-
hibition was < 19 mm for tetracycline, < 16
mm for sulphatrimethoprim and < 19 mm for
oxolinic acid.

cS/apé yfococcz' mn Ofoys

Staphylococci in dogs cause mainly skin, ear
and urinary tract infections. The causative agent
of skin infections is usually S. intermedius.
These infections are repeatedly treated with an-
timicrobials. When the resistance of staphylo-
cocci isolates was tested to eight antimicrobials,
it was observed that over 70 % were penicillin

resistant; resistance to tetracycline was also




Prevalence of antimicrobial resistance among Staphylococcus ilsolated from dogs.
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common. No bacteria resistant to therapeutical-
ly used antimicrobials co-amoxiclav and first
generation cephalosporins were identified.
Oxacillin is not usually used in veterinary ther-
apy and no resistance occured.

The comparison between S. intermedius iso-
lated from chronic skin infections and the skin
of healthy dogs was made. Resistance to peni-
cillin, tetracycline and sulphatrimethoprim was
present in 40-50 % of the isolates. Resistance
to erythromycin and clindamycin was about
20 %. S. intermedius isolated from the healthy
dogs was somewhat more susceptible to all the
antimicrobials, except for clindamycin.

Material and methods

The data shows the resistance in staphylococci
(1997 n=93 and 1998 n=137) isolated at the
National Veterinary and Food Research Insti-
tute (EELA) to co-amoxiclav, erythromycin,
cephalosporin (cephalexin or cephalothin), clin-
damycin, oxacillin, penicillin, sulphatrimetho-
prim and tetracycline. The resistance was tested
according to a NCCLS standard (vol. 14, no
20, 1994). S. intermedius isolated from skin in-
fections are also included in the above data.
Fifty-six S. intermedius isolates were identified
from the healthy dogs and their resistance to
the same antimicrobials was tested.

Prevalence of antimicrobial resistance among Staphylococcus intermedius isolated
from dogs with chronic skin disease and clinically healthy dogs in 1998.
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6. Consumption of antimicrobial agents in animals
and number of domestic farm animals in Finland

In order to establish the 1998 sales figures for weight was used as a reference. Drugs which
medications used in animal care the Social In- are licensed in human medicine and both sold
surance Institution of Finland (KELA) and and used as animal medication are not includ-
small drug wholesale companies were asked to ed. Therefore the figure, especially for oral an-
submit sales figures for medications used in ani-  timicrobial medication, is a considerable

mal care. The sale of the active ingredient by amount lower than the real figure.

Consumption of antimicrobials.
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The total consumption of antimicrobials has
decreased from 18 197 kg in 1995 to 14 534 kg
last year. Because the number of animals shows
very little change (the number of cattle is a little
lower whereas the number of pigs has been on
the increase during the last few years), it may
be concluded that the consumption of antimi-
crobials shows a slight downward trend. As far
as resistance prevention is concerned, this on
its own is no proof of prudent use of antimicro-
bials for animal therapeutics, but the trend
must be viewed as favourable. It is also note-

worthy that beta-lactam antimicrobials have al-
ways been noticeably the most prescribed an-
timicrobial, but their consumption decreased
last year more than that of the other groups.
Compared with the previous year the consump-
tion of tetracycline has increased.

Among injectables the consumption of peni-
cillin G has particularly decreased. The other
groups of injectables show little change.

Among oral medication both beta-lactam
antimicrobials and tetracyclines show an up-
ward trend, whereas the other groups show a
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downward trend.

Overall, the use of udder tubes shows the
largest decrease. This is partly due to the de-
crease in the number of milking cows, but other
factors such as a transition to injectables or
culling may also play a part.

The use of intramammary tubes in lactating
cows shows a clear decrease, beta-lactams being
an exception. The huge decrease in the con-
sumption of penicillin G may at least partly be
explained by new clinical guidelines heralded by
the emergence of resistant staphylococcal infec-

tions. The consumption of macrolides and
tetracyclines has totally stopped since 1997.
The consumption of dry-cow tubes has de-
creased even more than the consumption of
milking-cow tubes for mastitis; a slight increase
is noted only in the antimicrobial group "Oth-
ers".

The present consumption figures reflect only
the total amount consumed by domestic ani-
mals. In future it would be necessary to be able
to study the consumption figures by different

species.
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7. Consumption of antimicrobial
feed additives in animals

The Plant Production Inspection Centre moni-
tors the consumption of antimicrobial feed ad-
ditives annually by collecting data from feed
manufacturers. All three main groups of feed
additives are included: antimicrobials, growth
promoters and coccidiostats, and other medici-
nal agents.

The consumption of antimicrobial feed addi-
tives has been on the decline throughout the
1990s. The consumption of antimicrobials was
discontinued in 1996. The total consumption of
feed additives in 1990 was 20 493 kg, whereas
in 1998 it was 12 900 kg, out of which the
growth promoters carbadox and olaquindox
constituted 4 006 kg. At present the only

growth promoters consumed are certain piglet

feed mixtures produced by a few manufactur-

ers. The consumption has been justified with

the prevention of piglet diarrhoea at weaning.

A common agreement between the feed and

slaughter industry and the farm producers plans

to discontinue even this consumption.

The consumption of coccidiostats as neces-

sary prophylactic anti-parasitic agents has fol-

lowed the trend in broiler and turkey produc-

tion, which has shown an increase during the

last few years. The average consumption has
been around 7 920 kg, the distribution being

from 4 266 kg to 10 155 kg.

The use of antimicrobial feed additives in Finland in 1990-1998 (kg active ingredient/year).

Feed additives 1990 1991 1992
Antimicrobial , :
growth promoters 12881 9248\l 10513
Avoparcin 25559 2137.3 3734.6
Bacitracin zinc 104 458 554
Flavomycin 3019.6 2244.8 1345.6
Virginiamycin 256.4 0 0
Carbadox 6745 4328 4799.7
Olaguindox 200 100 79.5
Caecidiostaiz Gud other T vy :
medicinal sutistances®  TE14.7  9294.5 7783.8
Dimetridazole 0 27 1.8
Lasalocid sodium 0 0 0
Maduramycinammonium 0 0 22.3
Monensin sodium 6735.2 8220.7 6441.3
Narasin 0 0 0
Salinomycin 0 2808 462.6
Praducticn of compoand

feed, miv kg

*Only substances with antimicrobial activity.

1188.18) 1109.39 1058.84 1008.87 [078.55 1172.50

1993 1994 1995 199
7R2205 77666 44 45760
3105.8 3389 1294  46.7
0 0 0 0
249.6 241 60 b,
0 0 0 0
4464.7 4122 2614 1840.9
2.5 146 1576 2882.1
N 6 R b R T
214 228 231 203.8
0 0 0 0
144.2 103 0 0
3291.8 S$7357  S754 3652.8
0 450 1935 22324
511.6 4722 216 1704.6

Others in use from time to time: amprolium/ethopate, nifursol and dinitolmide.

Data collected by Plant Production Inspection Centre.
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Contacts

National Agency for Medicines

PB 55, FIN-00301 Helsinki

Tel. +358-9-473 341, telefax +358-9-714 469
www.nam.fi

National Public Health Institute
Mannerheimintie 166, FIN-00300 Helsinki
Tel. +358-9-474 41, telefax +358-9-4744 8408
www.ktl.fi

National Veterinary and Food Research Institute
PB 368, FIN-00231 Helsinki
Tel. +358-9-393 101, telefax +358-9-393 1811

Plant Production Inspection Centre

PB 42, FIN-00501 Helsinki

Tel. +358-9-134 211, telefax +358-9-1342 1499
www.kttk.fi

I\

MINISTRY OF AGRICULTURE AND FORESTRY
PB 232, FIN-00171 Helsinki, tel. +358-9-1601, telefax -+358-9-160 3338, www.mmm.fi

]
MINISTRY OF
B SOCIAL AFFAIRS AND HIEALTH

PB 267, FIN-00171 Helsinki
Tel. +358-9-578 11, telefax +358-9-578 4716
www.stm.vn.fi
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