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ABSTRACT

Background In the early 1990s there was an in-
crease in erythromycin resistance among group A
streptococci in Finland. In response, policies regard-
ing outpatient antibiotic therapy were changed, and
nationwide recommendations were issued that called
for reductions in the use of macrolide antibiotics for
respiratory and skin infections in outpatients. We
studied the effect of this policy on the pattern of
erythromyecin resistance throughout Finland.

Methods From 1991 through 1996, a total of 39,247
group A streptococcal isolates from throat swabs (82
percent of the isolates) and pus samples (18 percent)
and 290 isolates from blood cultures were studied in
regional microbiology laboratories. The susceptibili-
ty of the isolates to erythromycin was tested by the
disk-diffusion or the screening-plate method.

Results Consumption of macrolide antibiotics de-
creased from 2.40 defined daily doses per 1000 in-
habitants per day in 1991 to 1.38 in 1992 (P=0.007)
and remained near the lower level during the study
period. The change in consumption was followed by
a steady decrease in the frequency of erythromycin
resistance among group A streptococcal isolates from
throat swabs and pus samples, from 16.5 percent in
1992 to 8.6 percent in 1996 (odds ratio for 1996 as
compared with 1992, 0.5; 95 percent confidence inter-
val, 0.4 to 0.5).

Conclusions In Finland, after nationwide reduc-
tions in the use of macrolide antibiotics for outpa-
tient therapy, there was a significant decline in the
frequency of erythromycin resistance among group
A streptococci isolated from throat swabs and pus
samples. (N Engl J Med 1997;337:441-6.)
©1997, Massachusetts Medical Society.

URING the past decade there has been a

resurgence of severe forms of disease

caused by group A streptococci (Strepto-

coccus pyogenes) in various parts of the
world.! In the management of group A streptococ-
cal infections, an important question is the effective-
ness of antimicrobial therapy. Fortunately, group A
streptococci are still susceptible to penicillin, which
has remained the drug of choice.? In Finland, how-
ever, a troubling increase in resistance to erythromy-
cin, which is widely used to treat patients with aller-
gies to penicillin, was noted in the early 1990s. The
frequency of erythromycin resistance among isolates
of group A streptococci from pharyngeal and pus
samples increased from approximately 5 percent in
1988-1989 to 13 percent in 1990.3

During the 1980s, before the increase in resistance
occurred, the consumption of erythromycin in Fin-
land had nearly tripled.? An analysis that included 92
percent of all health-authority areas in the country
confirmed that the level of erythromycin use in an
area correlated significantly with the level of eryth-
romycin resistance among group A streptococci iso-
lated in that area.*

After the nationwide increase in resistance to eryth-
romycin among group A streptococci was recog-
nized, it became clear that the only way to control
this clinically important problem in Finland was to
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restrict the use of erythromycin and, because of
cross-resistance, of other macrolide antibiotics.3 Na-
tional guidelines were therefore issued that recom-
mended reductions in the use of these agents in the
treatment of respiratory and skin infections in out-
patients.>¢ The problem of erythromycin resistance
received wide publicity in Finland, and specialists in
the field of infectious diseases and microbiology
agreed on the need for changes in policies regard-
ing outpatient antibiotic therapy. Finnish physicians
were informed and educated about the use of al-
ternative drugs, and a considerable reduction in the
use of macrolide antibiotics by outpatients soon re-
sulted.

We undertook this study to investigate whether the
recommended reductions in the outpatient use of
macrolide antibiotics would lead to decreased eryth-
romycin resistance among group A streptococci.

METHODS
Use of Macrolide Antibiotics

Data on the use of macrolide antibiotics were obtained from
Finnish Statistics on Medicines 1995, published by the National
Agency for Medicines and the Social Insurance Institution.” Con-
sumption is expressed in terms of the number of defined daily
doses per 1000 inhabitants per day.

Group A Streptococcal Isolates

A total of 39,247 isolates of group A streptococcus from throat
swabs (82 percent of the isolates) and pus samples (18 percent)
were studied from 1991 through 1996 in 26 regional microbiol-
ogy laboratories of the Finnish Study Group for Antimicrobial
Resistance network. In the analysis of regional differences, the
participating laboratories were grouped, according to the origin
of the isolates, into five geographic areas (see the Appendix). In
a given year, only one isolate per patient was included in the
study; the majority of the patients could be identified.

Each year from 1992 through 1996, a total of 20 to 22 labo-
ratories (3 to 5 from each area) participated in the study on a vol-
untary basis; the exception was the year 1993, when data on re-
sistance were obtained from 15 laboratories (2 to 4 from each
area). In 1991, data on resistance were not systematically collect-
ed, and data for that year were obtained only from the Kuopio
laboratory. The variation from year to year in the number of iso-
lates studied was caused by variations in the number of laborato-
ries taking part in the study and possibly also by epidemiologic
variation in the number of group A streptococcal infections. In
1994, most streptococci studied were isolated from June through
December, a fact that explains the lower number of isolates stud-
ied during that year.

Nationwide collection of group A streptococcal isolates from pa-
tients with bacteremic infections has been carried out in Finland
since 1988.8 During 1992 through 1996, a total of 290 group A
streptococci from blood cultures (53 to 66 isolates per year) were
collected by clinical microbiology laboratories and sent to the De-
partment of Bacteriology of the National Public Health Institute
in Helsinki. Isolates were identified as described previously.3#

Detection of Erythromycin Resistance

The susceptibility of the isolates to erythromycin was tested in
the study laboratories by the disk-diffusion method and the
screening-plate method, as previously described.*? The reliability
of these methods was ensured by histogram analyses of the disk-
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test results and by comparing the results obtained with these
methods with those obtained with the minimal-inhibitory-con-
centration plate-dilution method.*? As part of an epidemiologic
survey of the TIMI serotype of group A streptococcal isolates in
Finland conducted at the same time as this study,® group A strep-
tococcal isolates were sent to either the Antimicrobial Research
Laboratory of the National Public Health Institute, Turku, or
the Department of Bacteriology of the National Public Health
Institute, Helsinki, by 21 regional laboratories from June
through December 1994 and by 14 regional laboratories during
1995; at these central laboratories, the susceptibility of the iso-
lates to erythromycin was confirmed with the screening-plate
method.?

The susceptibility to erythromycin of all isolates from blood
cultures during the study period was reevaluated in the Depart-
ment of Bacteriology of the National Public Health Institute by
the screening-plate method.? With all the methods used, the def-
inition of erythromycin resistance coincided with a minimal in-
hibitory concentration of =1 ug per milliliter, a breakpoint rec-
ommended by the National Committee for Clinical Laboratory
Standards.1°

Statistical Analysis

The proportions of group A streptococcal isolates that were
erythromycin-resistant in different years were compared in a lo-
gistic-regression model.!! This method tests the significance of
the overall differences among the proportions of resistant isolates
in all the years by entering the year as a categorical explanatory
variable in the model. Odds ratios and 95 percent confidence in-
tervals were calculated for the differences among the years and to
demonstrate any trend. The reference year in the calculations of
the odds ratio was 1992, except in the analysis of data from the
Kuopio laboratory. Since data from 19903 through 1996 were
available from that laboratory, the reference year in the odds-ratio
calculations was 1990. The Mann-Whitney U test was used to
analyze the differences in consumption of macrolide antibiotics
among the years. P values below 0.05 were interpreted as indicat-
ing statistical significance. The logistic-regression analysis was
performed with the SAS statistical package.1?

RESULTS
Consumption of Macrolide Antibiotics

At the end of the 1970s, outpatient consumption
of macrolide antibiotics in Finland was 1 defined dai-
ly dose per 1000 inhabitants per day (Fig. 1). In the
1980s consumption increased sharply, so that more
than 2 defined daily doses per 1000 inhabitants per
day were sold each year from 1985 through 1991.
In 1988, consumption reached almost 3 defined
daily doses (Fig. 1).

The recommendations to reduce the use of mac-
rolides were issued at the end of 1991 and the be-
ginning of 1992. Total use of macrolide antibiotics
in outpatient therapy decreased from 2.40 defined
daily doses per 1000 inhabitants per day in 1991 to
1.38 in 1992 (P=0.007). Since then, consumption
has remained at a level of 1.28 to 1.74 defined daily
doses per 1000 inhabitants per day (Fig. 1).

Until 1990, erythromycin was the only macrolide
drug available in Finland (Fig. 1). In 1991 it ac-
counted for 86 percent of the total consumption of
macrolide by outpatients; by 1995 its share had de-
creased to 33 percent. In 1995, roxithromycin ac-
counted for 41 percent of the total macrolide con-
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sumption in the country, azithromycin for 24 percent,
and clarithromycin for 2 percent. The emerging use
of the new macrolides caused an increase in the total
consumption of macrolides by outpatients in 1995

(Fig. 1).
Resistance to Erythromycin

Susceptibility to erythromycin was tested in a total
of 39,247 group A streptococcal isolates from throat-
swab and pus samples. On a national level, no de-
crease from the ecarlier level in the frequency of
erythromycin resistance was observed during 1992,
when the frequency was 16.5 percent, and 1993,
when it was 19.0 percent (Fig. 2). However, a na-
tionwide decline began in 1994, when the rate of re-
sistance decreased to 15.6 percent, followed by an
additional decrease to 10.0 percent in 1995 and to
8.6 percent in 1996 (Fig. 2). In the statistical anal-
ysis, calculations of the odds ratio indicated that a
significant trend toward lower levels of resistance
started after 1993 in Finland (Table 1). The odds ra-
tios also indicated that the ratio of resistant isolates
to susceptible isolates in the whole country was 2.4
times as high in 1993 as in 1996 and 2.0 times as
high in 1992 as in 1996 (Table 1).

When the data were analyzed according to geo-
graphic area (southern, western, eastern, central, and
northern Finland), some variation in the patterns of
resistance was found among the five areas (Fig. 3).
However, the decrease in the frequency of resistance
during the study period was statistically significant
in all areas (Table 1). The most unusual pattern was
in northern Finland, where a strong increase in the
frequency of resistance occurred during 1994, after
which resistance started to decline significantly (Fig.
3 and Table 1).

A separate analysis was performed on data from
two laboratories, in Kuopio and Tampere, both in
central Finland. Among the isolates from both labo-
ratories there was a statistically significant decrease in
the frequency of resistance during the study period
(Fig. 4). In Kuopio, a significant decrease had already
occurred in 1992.

When the available data on isolates from throat
swabs and those from pus samples were analyzed
separately, a significant decrease was apparent for both
types of isolates, nationally and also in all geographic
areas, except for isolates from pus samples in western
Finland (data not shown).

A trend similar to that seen for throat-swab and
pus samples was also evident in the 290 isolates from
blood cultures that were studied; 8.8 percent of the
group A streptococcal isolates were resistant to eryth-
romycin in 1992, as were 16.7 percent in 1993; the
corresponding figures for subsequent years were 6.7
percent in 1994, 5.7 percent in 1995, and 4.5 per-
cent in 1996. The decrease was not statistically sig-
nificant, however.
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Figure 1. Total Consumption of Macrolide Antibiotics by Outpa-
tients in Finland from 1976 through 1995.

Consumption is expressed in terms of defined daily doses per
1000 inhabitants per day.
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Figure 2. Frequency of Resistance to Erythromycin among
Group A Streptococcal Isolates from Throat-Swab and Pus
Samples in Finland in 1990 and in 1992 through 1996.

The data from 1990,3 obtained from six regional microbiology
laboratories, are shown here for comparison; the dashed line
indicates that the 1990 data were not included in the statistical
analyses reported in the text.

DISCUSSION

In Finland, there was a steady and statistically sig-
nificant decline in erythromycin resistance among
group A streptococcal isolates from throat-swab and
pus samples after a reduction in the use of macrolide
antibiotics in outpatient therapy. We believe that the
reduced selection pressure of macrolides on group A
streptococci is the chief explanation for the decrease,
although temporal relations between the reduction in
macrolide consumption and the decrease in resistance
to erythromycin do not prove causality. However, the
concept of a causal connection between the change
in patterns of use and the change in the frequency of
resistance is supported by the fact that restrictions on
the use of a single class of antimicrobial agents — the
macrolides — was followed by a decrease in resistance
to those agents; no other type of antibiotic resistance
was linked to macrolide resistance.!?

More data are gradually accumulating on the pos-
itive association between the use of antimicrobial
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TABLE 1. ERYTHROMYCIN RESISTANCE AMONG GROUP A STREPTOCOCCAL ISOLATES
FROM THROAT-SWAB AND PUS SAMPLES IN 1992 THROUGH 1996 IN FINLAND
AS A WHOLE AND IN FIVE GEOGRAPHIC AREAS.

GEOGRAPHIC AREA No. oF TotaL No.
AND YEAR LABORATORIES OF ISOLATES
Finland
1992 21 10,262
1993 15 5,034
1994 22 4,794
1995 20 11,193
1996 22 7,734
Southern Finland
1992 5 2,439
1993 4 1,586
1994 5 670
1995 5 4,658
1996 5 2,822
Western Finland
1992 3 1,947
1993 3 625
1994 4 876
1995 3 1,070
1996 5 667
Eastern Finland
1992 4 1,565
1993 3 1,327
1994 4 916
1995 3 1,413
1996 3 1,360
Central Finland
1992 4 2,019
1993 3 1,095
1994 4 1,193
1995 4 1,324
1996 4 2,440
Northern Finland
1992 5 2,292
1993 2 401
1994 5 1,139
1995 5 2,728
1996 5 445

No. oF
RESISTANT Obps RATIO
IsoLATES (95% CI)* P VaLuet
<0.001
1697 1.0
956 1.2 (1.1-1.3)
750 0.9 (0.9-1.0)
1120 0.6 (0.5-0.6)
666 0.5 (0.4-0.5)
<0.001
330 1.0
275 1.3 (1.1-1.6)
61 0.6 (0.5-0.9)
242 0.4 (0.3-0.4)
266 0.7 (0.6-0.8)
<0.001
307 1.0
102 1.0 (0.8-1.3)
143 1.0 (0.8-1.3)
123 0.7 (0.6-0.9)
59 0.5 (0.4-0.7)
<0.001
427 1.0
324 0.9 (0.7-1.0)
134 0.5 (0.4-0.6)
155 0.3 (0.3-0.4)
143 0.3 (0.3-0.4)
<0.001
350 1.0
200 1.1 (0.9-1.3)
118 0.5 (0.4-0.7)
76 0.3 (0.2-0.4)
179 0.4 (0.3-0.5)
<0.001
283 1.0
55 1.1 (0.8-1.5)
294 2.5(2.1-3.0)
524 1.7 (1.4-2.0)
19 0.3 (0.2-0.5)

*In calculations of the odds ratios for resistance, 1992 served as the reference year. CI denotes

confidence interval.

1P values were calculated according to the logistic-regression model (see the Methods section).
D values below 0.05 indicate that a statistically significant decrease in resistance occurred during the

study period.

agents and the frequency of antimicrobial resistance
in the community.*#17 Concurrent follow-up of
both the consumption of antimicrobial agents and
bacterial drug resistance over several years has not
been reported for outpatients, however. For exam-
ple, in Japan, where the frequency of erythromycin
resistance among group A streptococci increased
during the 1970s to approximately 80 percent!$ af-
ter a rapid increase in the use of macrolides,'* no fol-
low-up data on the relation between the use of mac-
rolides and resistance to these drugs have been
published, although decreasing rates of resistance
have been reported.!20 At a hospital in Asahikawa,
Japan, an analysis of data on 670 group A strepto-
coccal isolates collected during the 10-year period
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from 1981 through 1990 (an average of 67 isolates
per year) showed a decrease in resistance from 22
percent to almost zero?’; 2 percent of resistant iso-
lates were among 205 pharyngeal isolates collected
in Tokyo and at the U.S. Air Force Base at Yokota in
1990 and 1991.1 Our data confirm that the level of
antimicrobial resistance in the community can be re-
duced by decreasing the use of antibiotics. The same
temporal relation between a decrease in the use of
an antibiotic agent and a decrease in the frequency
of resistance to the same agent has previously been
demonstrated in hospital settings.21-23

The recommendation that the use of macrolide
antibiotics in Finland be reduced was surprisingly ef-
fective; consumption of macrolides by outpatients
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was nearly halved within one year (Fig. 1). This de-
cline in use indicates that informing physicians about
the current frequency of antimicrobial resistance
among community-acquired pathogens and educat-
ing them about the use of antibiotic agents in out-
patient therapy are important in the battle against an-
tibiotic-resistant bacteria. In this case, the physicians
were reached mainly through the Finnish Medical
Journal and lectures at national and local meetings
for general practitioners.

Because the problem of resistance to erythromy-
cin gained wide publicity in the country and the
specialists in the fields of infectious diseases and mi-
crobiology agreed on the need for change in the use
of antibiotics to treat outpatients, the recommenda-
tions regarding the use of macrolides were also ac-
cepted by the pharmaceutical companies. When the
consumption of macrolide drugs decreased, howev-
er, the reduction was compensated for by an in-
crease in the use of other antibiotics, since the total
rate of use of antimicrobial agents remained un-
changed.”2*

The decrease in the consumption of macrolides
was uniform throughout the country (data not
shown). When the recommendations were issued, it
was expected that the use of macrolide antibiotics
would have to be maintained at a reduced level for
several years before resistance would start to decline,
since antibiotic-resistant organisms, like any other
bacteria, may spread in favorable circumstances, even
without the selection pressure exerted by antibi-
otics.2> Fortunately, the rate of resistance started to
decline markedly after two years of reduced con-
sumption. The changes in the frequency of resist-
ance during the study period were more or less uni-
form in the different geographic areas, except in
northern Finland, where the rate peaked and de-
creased later than elsewhere (Fig. 3 and Table 1).
Another, more local, temporal difference was ob-
served in central Finland, where the overall frequen-
cy of resistance started to decrease after 1993;
among the isolates from the Kuopio laboratory,
however, a significant decrease had already occurred
in 1992 (Fig. 3 and 4 and Table 1). The contribu-
tion of geographic or other local factors to these
temporal patterns is difficult to assess and therefore
remains unknown. In 1992 through 1996, there
were no epidemics of severe group A streptococcal
infections in Finland, a fact that explains the rather
low annual number of isolates from blood cultures,
among which the proportion of resistant organisms
decreased nonsignificantly.

We hope that the frequency of erythromycin re-
sistance among group A streptococcal isolates will
continue to decline in Finland. However, we are
concerned that there may be a gradual shift toward
wider use of the newer macrolides, especially roxithro-
mycin and azithromycin (Fig. 1). If this happens, it
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Figure 3. Frequency of Resistance to Erythromycin among
Group A Streptococcal Isolates from Throat-Swab and Pus Sam-
ples According to Geographic Area, 1992 through 1996.
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Figure 4. Frequency of Resistance to Erythromycin among 3022
Group A Streptococcal Isolates from Throat-Swab and Pus Sam-
ples (230 to 537 Isolates per Year) from the Kuopio Laboratory in
1990 through 1996 and among 2155 Isolates (153 to 814 per
Year) from the Tampere Laboratory in 1992 through 1996.

The frequency of resistance decreased significantly (P<0.001)
during the study period in both Kuopio (odds ratio for 1996 as
compared with 1990, 0.09; 95 percent confidence interval, 0.06
to 0.14) and Tampere (odds ratio for 1996 as compared with
1992, 0.3; 95 percent confidence interval, 0.2 to 0.4).

remains to be seen at what level of macrolide con-
sumption erythromycin resistance in group A strep-
tococci will begin to increase once again. Since there
is cross-resistance among erythromycin, roxithromy-
cin, clarithromycin, and azithromycin,!® the newer
macrolides may well select for resistance.

In conclusion, our study documented that recom-
mendations to decrease the use of erythromycin and
other macrolides by outpatients were followed by a
significant decrease in erythromycin resistance among
group A streptococci in Finland. These results pro-
vide hope for the management of other problems
of antimicrobial resistance in outpatient therapy as
well.2527 Thus, guidelines for the prescription of an-
tibiotics for outpatient therapy should be regarded as
an important tool in the management of problems of
antimicrobial resistance in the community.
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APPENDIX

The members of the Finnish Study Group for Antimicrobial Resistance
(FiRe) were as follows: Southern Finland — S. Kontiainen and J. Eskola, Au-
rora Hospital, Helsinki; J. Korpela, Central Hospital of Kanta-Hime,
Himeenlinna; A. Kostiala-Thompson, Jorvi Hospital, Espoo; H. Sarkkinen,
Central Hospital of Piijat-Hime, Lahti; K. Schauman, Deaconess Institu-
tion of Helsinki, Helsinki; A. Sivonen, University of Helsinki, Helsinki; and
M. Vaara, Helsinki University Hospital, Helsinki; Western Finland — E. Ee-
rola, University of Turku, Turku; H. Hiekkaniemi, Central Hospital of Vaasa,
Vaasa; H. Jirvinen, National Public Health Institute, Turku; M.-L. Klossner,
Central Hospital of Satakunta, Pori; O.-P. Lehtonen and O. Meurman,
Turku University Central Hospital, Turku; and S. Oinonen, Central Hospital
of Eteli-Pohjanmaa, Seinijoki; Central Finland — M.-L. Katila, Kuopio
University Hospital, Kuopio; P Kirkkiinen, Central Hospital of Mikkeli,
Mikkeli; O. Liimatainen and R. Vuento, Tampere University Hospital, Tam-
pere; and A. Nissinen and P. Hirvonen, Central Hospital of Keski-Suomi,
Jyviskyld; Eastern Finland — M. Kauppinen, Central Hospital of Eteli-Kar-
jala, Lappeenranta; O. Kirsi, Central Hospital of Pohjois-Karjala, Joensuu;
D Kirkkiinen, Central Hospital of Savonlinna, Savonlinna; and U. Larinkari,
Central Hospital of Kymenlaakso, Kotka; Northern Finland — E. Ahonen,
Central Hospital of Kainuu, Kajaani; E. Herva, National Public Health In-
stitute, Oulu; H. Jigerroos, Central Hospital of Lappi, Rovaniemi; M. Kos-
kela, Oulu University Hospital, Oulu; K. Lantto, Deaconess Institution of
Oulu, Oulu; and P. Ruuska, University of Oulu, Oulu.

REFERENCES

1. Bronze MS, Dale JB. The reemergence of serious group A strepto-
coccal infections and acute rheumatic fever. Am J Med Sci 1996;311:41-
54.

2. Gerber MA. Antibiotic resistance in group A streptococci. Pediatr Clin
North Am 1995:42:539-51.

3. Seppild H, Nissinen A, Jarvinen H, et al. Resistance to erythromycin in
group A streptococci. N Engl ] Med 1992;326:292-7.

4. Seppild H, Klaukka T, Lehtonen R, Nenonen E, Finnish Study Group
for Antimicrobial Resistance (FiRe), Huovinen P. Outpatient use of eryth-
romycin: link to increased erythromycin resistance in group A streptococci.
Clin Infect Dis 1995;21:1378-85.

5. Huovinen P, Klaukka T. Erytromysiinin kidytt6d vihennettivi. Finn Med
J 1991;46:3241.

6. Huovinen P. Milloin erytromysiinii ja miti sen sijaan. Finn Med ] 1992;
47:13.

446 - August 14, 1997

7. Finnish statistics on medicines 1995. Helsinki, Finland: National Agen-
cy for Medicines, Social Insurance Institution, 1996.

8. Muotiala A, Seppili H, Huovinen P, Vuopio-Varkila J. Molecular com-
parison of group A streptococci of TIM1 serotype from invasive and non-
invasive infections in Finland. J Infect Dis 1997;175:392-9.

9. Nissinen A, Seppili H, Huovinen P, Finnish Study Group for Antimi-
crobial Resistance (FIRE). Detecting erythromycin resistance in Strepto-
coccus pyogenes: reliability of the disk diffusion method and the break-
point susceptibility method. Scand J Infect Dis 1995;27:52-6.

10. Performance standards for antimicrobial susceptibility testing. Vol. 15.
No. 16. Villanova, Pa.: National Committee for Clinical Laboratory Stand-
ards, 1995:M100-S6.

11. Agresti A. Categorical data analysis. New York: John Wiley, 1990.
12. SAS/STAT user’s guide, version 6. 4th ed. Cary, N.C.: SAS Institute,
1990.

13. Seppild H, Nissinen A, Yu Q, Huovinen P. Three difterent phenotypes
of erythromycin-resistant Streptococcus pyogenes in Finland. ] Antimicrob
Chemother 1993;32:885-91.

14. Maruyama S, Yoshioka H, Fujita K, Takimoto M, Satake Y. Sensitivity
of group A streptococci to antibiotics: prevalence of resistance to erythro-
mycin in Japan. Am ] Dis Child 1979;133:1143-5.

15. Molstad S, Eliasson I, Hovelius B, Kamme C, Schalen C. Beta-lacta-
mase production in the upper respiratory tract flora in relation to antibiotic
consumption: a study in children attending day nurseries. Scand J Infect
Dis 1988;20:329-34.

16. Baquero F, Martinez-Beltran J, Loza E. A review of antibiotic resist-
ance patterns of Streptococcus pnewmonine in Europe. ] Antimicrob
Chemother 1991;28:Suppl C:31-8.

17. Arason VA, Kristinsson KG, Sigurdsson JA, Stefansdottir G, Molstad
S, Gudmundsson S. Do antimicrobials increase the carriage rate of penicil-
lin resistant pneumococci in children? Cross sectional prevalence study.
BMJ 1996;313:387-91.

18. Mitsuhashi S, Inoue M, Saito K, Nakae M. Drug resistance in Strepto-
coccus pyogenes strains isolated in Japan. In: Schlessinger D, ed. Microbiol-
ogy — 1982. Washington, D.C.: American Society for Microbiology,
1982:151-4.

19. Bass JW, Weisse ME, Plymyer MR, Murphy S, Eberly BJ. Decline of
erythromycin resistance of group A B-hemolytic streptococci in Japan:
comparison with worldwide reports. Arch Pediatr Adolesc Med 1994;148:
67-71.

20. Fujita K, Murono K, Yoshikawa M, Murai T. Decline of erythromycin
resistance of group A streptococci in Japan. Pediatr Infect Dis J 1994;13:
1075-8.

21. Lepper MH, Dowling HE, Jackson GG, Moulton B, Spies HW. Effect of
antibiotic usage in the hospital on the incidence of antibiotic-resistant strains
among personnel carrying staphylococci. J Lab Clin Med 1953;42:832.

22. Ridley M, Lynn R, Barrie D, Stead KC. Antibiotic-resistant Staphylo-
coccus aurens and hospital antibiotic policies. Lancet 1970;1:230-3.

23. McGowan JE Jr. Antimicrobial resistance in hospital organisms and its
relation to antibiotic use. Rev Infect Dis 1983;5:1033-48.

24. Finnish statistics on medicines 1994. Helsinki, Finland: National
Agency for Medicines, Social Insurance Institution, 1995.

25. Cohen ML. Epidemiology of drug resistance: implications for a post-
antimicrobial era. Science 1992;257:1050-5.

26. Tenover FC, McGowan JE. Reasons for the emergence of antibiotic
resistance. Am J Med Sci 1996;311:9-16.

27. Gold HS, Mocllering RC Jr. Antimicrobial-drug resistance. N Engl J
Med 1996;335:1445-53.

Downloaded from www.nejm.org on November 30, 2009 . For personal use only. No other uses without permission.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



