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The association between trimethoprim-sulfamethoxazole use and resistance among the major respiratory tract
pathogens was investigated by comparing regional consumption of the drug to regional resistance in the following
year in 21 central hospital districts in Finland. A total of 23,530 Streptococcus pneumoniae isolates, 28,320 Hae-
mophilus influenzae isolates, and 14,138 Moraxella catarrhalis isolates were tested for trimethoprim-sulfamethoxazole
susceptibility during the study period (1998–2004). Among the S. pneumoniae isolates, a statistically significant
connection was found between regional consumption and resistance. No statistically significant connection was
found between regional trimethoprim-sulfamethoxazole use and resistance among H. influenzae and M. catarrhalis
isolates. According to our results, it seems that only in pneumococci can the development of trimethoprim-
sulfamethoxazole resistance be influenced by restricting its use. However, trimethoprim-sulfamethoxazole remains
an important antimicrobial agent because of its reasonable price. Hence, resistance to trimethoprim-sulfamethox-
azole among these pathogens needs continuous monitoring.

Sulfonamides were the first class of antimicrobial agents
introduced into clinical use in 1935. Trimethoprim (TMP) was
introduced in 1962, and the combination trimethoprim-sulfa-
methoxazole (SXT) was brought into clinical use in 1968. The
antibacterial spectrum of the combination is directed at Esch-
erichia coli, other species in the Enterobacteriaceae family,
Staphylococcus aureus, Staphylococcus saprophyticus, and the
principal respiratory tract pathogens Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella catarrhalis.

Hence, the most important fields of use of SXT combina-
tions are in the treatment of urinary tract infections and upper
respiratory tract infections. According to a point prevalence
study conducted in the Finnish primary health care system, by
indication, 81% of all SXT prescriptions were for respiratory
tract infections and 15% were for urinary tract infections (21).
Since it is a relatively inexpensive drug, this combination has
been used widely in developing countries. There are also a few
special indications for SXT use, such as the prophylaxis of
Pneumocystis carinii infections among AIDS patients and the
treatment of infections caused by Stenotrophomonas malto-
philia (13).

Emerging resistance among the major respiratory tract
pathogens S. pneumoniae, H. influenzae, and M. catarrhalis has
undoubtedly decreased the use of SXT. This resistance, how-
ever, varies worldwide. In the late 1990s, 31.9 to 88.6% of
European and 24.2 to 89.4% of Asian S. pneumoniae isolates

were susceptible to SXT. Among H. influenzae strains, a similar
variation was noticed (22). According to a recent report from
the United States, resistance among pneumococci is de-
creasing after peaking in 1999–2000 (9). A very small pro-
portion of M. catarrhalis isolates, 0.1 to 2.6%, in the
SENTRY surveillance program in 1997–1999 (12) showed
resistance to SXT.

The relationship between antimicrobial use and resistance
has been evaluated in several studies, using different ap-
proaches and analytical methods. Many studies have shown the
connection between increased consumption and increased re-
sistance of certain antimicrobial agents (4, 6, 11). As Baquero
et al. point out in their review (2), an increase in use has been
linked to an increase in resistance at all ecological levels, in-
cluding patients, small communities, different areas of the
same country, the national level, and also the international
level. The effect of reduced antimicrobial consumption on the
prevalence of resistance has not always been as obviously dem-
onstrated. Seppälä and coworkers (23) showed a significant
decline in erythromycin resistance among Streptococcus pyo-
genes isolates after a reduction in macrolide use in Finland. In
Iceland, the prevalence of non-penicillin-susceptible pneumo-
cocci even increased in certain areas after significant reduc-
tions in total antimicrobial use owing to the spread of a resis-
tant clone (1). On the other hand, resistance can be extremely
persistent; in England, sulfonamide resistance persisted in uri-
nary Escherichia coli isolates as long as 9 years after prescrip-
tion of SXT was formally restricted (3). This had, however,
already been predicted earlier (14).

The present study was undertaken to investigate whether the
outpatient consumption of SXT is associated with resistance
in Streptococcus pneumoniae, Haemophilus influenzae, and
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Moraxella catarrhalis. We analyzed this relationship by com-
paring regional resistances of the three pathogens separately to
local SXT consumption in 21 central hospital districts in Fin-
land.

(Preliminary results of this work were presented as a poster
at the 15th European Congress of Clinical Microbiology
and Infectious Diseases, Copenhagen, Denmark [P1456].)

MATERIALS AND METHODS

Antimicrobial consumption. Consumption data for SXT at the regional and
national levels were provided by the Finnish National Agency of Medicines and
are expressed as defined daily doses (DDD) per 1,000 inhabitants per day. The
consumption figures used in this study in comparing regional use to regional
resistance are based on sales from wholesalers to pharmacies (use in hospitals is
not included) on the assumption that this portion represents the use of these
antibiotics in community health care. These regional consumption data were
collected over a 7-year period (1997–2003) from 21 central hospital districts. The
total use of SXT and TMP in Finland is also presented for the years 1990 to 2003.
In this case, we collected sales figures for pharmacies and for hospitals.

Antimicrobial resistance. The regional SXT resistance data between 1998 and
2004 for S. pneumoniae, H. influenzae, and M. catarrhalis were obtained from 26
clinical microbiology laboratories belonging to the FiRe network (Finnish Study
Group for Antimicrobial Resistance). The reporting activity varied annually. For two
central hospital districts (Kainuu and Ahvenanmaa), no resistance data for this
period were available. When several laboratories reported results from a particular
central hospital district, the data were combined. Resistance rates based on at least
30 tested strains per laboratory per year were included in the study. The resistance
data consist of data for all consecutive (isolated from both inpatients and outpa-
tients) clinical isolates in each laboratory over the whole year.

The national resistance data presented for the years 1988 to 2004 were ob-
tained from the FINRES report (http://www.ktl.fi/portal/english/projects/fire
/finres).

The resistance data are based on routine susceptibility results from the par-
ticipating laboratories. The methods were based on the CLSI (formerly NCCLS)
guidelines (8), with some exceptions: in 1998 and 1999, 20/26 laboratories
performed these tests according to CLSI methods. Five laboratories used mod-
ified disc diffusion methods for H. influenzae (Isosensitest agar or PDM agar with
supplements or chocolate agar), and one laboratory used Etest and chocolate
agar for testing. Since 2000, all laboratories have basically followed the CLSI
standard. The quality control program includes susceptibility testing of S. pneu-
moniae ATCC 49619 and H. influenzae ATCC49247 on a weekly basis as

internal quality controls and proficiency testing programs by Labquality (www
.labquality.fi) and UKNEQAS (www.ukneqasmicro.org).

Statistical analysis. The resistance rates of S. pneumoniae, H. influenzae, and
M. catarrhalis in the 21 central hospital districts were compared to local con-
sumption figures for SXT in the previous year.

A linear mixed model for repeated measures was used to model the association
between regional resistance and regional antimicrobial consumption of the pre-
vious year. The percentage of resistant strains was taken as the dependent
variable, while antimicrobial consumption and time were the explanatory vari-
ables. A random coefficient model with random intercept and slope was fitted.
Mixed models were fitted using the Proc Mixed in SAS system for Windows,
version 9.1. The level of statistical significance was set to 0.05.

RESULTS

The use of SXT in community health care decreased in all 21
health care districts during the study period (1997–2003) (Ta-
ble 1). At the national level, total use, including sales to hos-
pitals in addition to pharmacies, fell from 1.95 DDD in 1990 to
0.57 in 2003 (Fig. 1). The total use of TMP alone remained
very constant in Finland from 1990 to 2003. Sulfonamides
alone were used in very minor amounts in the 1990s, and since
1996 no use has been registered because the compounds are no
longer on the market.

The susceptibility results for 23,530 S. pneumoniae isolates
(annual variation, 1,928 to 4,238 isolates), 28,320 H. influenzae
isolates (annual variation, 3,043 to 5,116 isolates), and 14,138
M. catarrhalis isolates (annual variation, 1,298 to 2,731 isolates)
were included in the analysis. There was considerable variation
between laboratories in the number of annually tested strains
owing to the variation in population size in the areas they
serve. Resistance rates varied from 14.1 to 21.4% for S. pneu-
moniae, 9.7 to 18.7% for H. influenzae, and 3.2 to 14.5% for M.
catarrhalis in the whole country during the study period (Fig.
2). The annual regional resistance rates for the three patho-
gens are presented in Tables 2, 3, and 4.

The relationships between regional SXT consumption and
resistance are summarized in Table 5. The regional consump-

TABLE 1. SXT consumption for outpatient care in 21 central hospital districts in Finland (1997–2003)

Central hospital district
SXT use (DDD/1,000 inhabitants/day)

1997 1998 1999 2000 2001 2002 2003

Varsinais-Suomi 0.85 0.73 0.71 0.63 0.58 0.52 0.49
Satakunta 0.85 0.93 0.79 0.68 0.68 0.57 0.56
Kanta-Häme 0.92 0.86 0.68 0.58 0.56 0.50 0.46
Pirkanmaa 1.10 0.90 0.84 0.76 0.77 0.66 0.62
Päijät-Häme 0.85 0.70 0.69 0.62 0.58 0.43 0.44
Kymenlaakso 0.95 0.80 0.84 0.76 0.73 0.62 0.68
Etelä-Karjala 0.66 0.64 0.57 0.55 0.58 0.44 0.42
Etelä-Savo 0.72 0.59 0.62 0.58 0.56 0.47 0.51
Itä-Savo 0.77 0.75 0.81 0.72 0.58 0.48 0.49
Pohjois-Karjala 0.75 0.75 0.80 0.61 0.62 0.49 0.48
Pohjois-Savo 1.04 0.93 0.86 0.72 0.67 0.57 0.57
Keski-Suomi 0.65 0.55 0.52 0.48 0.48 0.43 0.39
Etelä-Pohjanmaa 1.11 1.01 0.91 0.82 0.80 0.65 0.65
Vaasa 0.59 0.51 0.45 0.42 0.43 0.32 0.34
Keski-Pohjanmaa 0.73 0.70 0.63 0.56 0.57 0.52 0.59
Pohjois-Pohjanmaa 1.03 0.90 0.86 0.76 0.70 0.58 0.56
Kainuu 1.19 1.21 0.97 0.93 0.97 0.75 0.78
Länsi-Pohja 0.73 0.66 0.60 0.56 0.53 0.43 0.45
Lappi 0.98 0.91 0.80 0.73 0.58 0.46 0.45
Ahvenanmaa 0.61 0.67 0.54 0.50 0.48 0.44 0.28
Helsinki and Uusimaa 0.82 0.73 0.66 0.59 0.55 0.44 0.43
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tion of SXT seems to have an effect on regional resistance
among S. pneumoniae isolates (P � 0.007). The association is
positive, indicating that the greater the consumption, the
higher the resistance in the following year. The change of
resistance over time was not significant (P � 0.452). The sig-
nificance in change of resistance over time was borderline for
H. influenzae (P � 0.051), but consumption of SXT failed to
explain the level of resistance (P � 0.808). No significant
change in SXT resistance was seen among M. catarrhalis iso-
lates (P � 0.349), and again, consumption failed to explain the
level of resistance (P � 0.744).

DISCUSSION

Our study over a 7-year period shows a positive association
between the regional consumption of SXT and resistance in

the following year for S. pneumoniae but not for H. influenzae
or M. catarrhalis.

SXT resistance in Finland increased among pneumococci
from the end of the 1980s until 1999 and after that decreased
slightly, only to rise again. The same pattern was seen for H.
influenzae. For M. catarrhalis, resistance increased in the 1990s
but has since decreased to a very low level (4.3% in 2004). At
the regional level, time on its own did not explain changes in
resistance among S. pneumoniae and M. catarrhalis isolates,
and among H. influenzae isolates, the change in resistance was
borderline. When the resistance levels are estimated at the
national level, it seems that a decreasing trend exists for M.
catarrhalis. For H. influenzae or S. pneumoniae, such conclu-
sions cannot be drawn.

There are several studies showing significant correlations
between antimicrobial consumption and resistance in S. pneu-

FIG. 1. SXT and TMP consumption in Finland from 1987 to 2003 (DDD/1,000 inhabitants/day), including sales figures for pharmacies and
hospitals. J01EE, all SXT combinations; J01EA, TMP. Figures for SXT for the period 1987–1989 were not available.

FIG. 2. SXT resistance (%) in S. pneumoniae (Spn), H. influenzae (Hi), and M. catarrhalis (Mc) in Finland from 1988 to 2004.
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moniae. Most often, the use of macrolides has been linked to
erythromycin resistance. The coselection of penicillin-resistant
pneumococci has been linked to the use of several drugs or
drug classes (7). In Finland (20), the regional resistance rates
of consecutive pneumococcal isolates were compared to rates
of use of several antimicrobials for the two previous years, and
a statistically significant correlation was found between SXT
consumption and resistance (P � 0.043). The connection be-
tween the use of SXT and resistance in pneumococci has also
been shown at the individual level (16). In contrast, no link
between macrolide use and azithromycin resistance was ob-
served among invasive or noninvasive H. influenzae isolates in

Slovenia (6). In Finland (19), the increase in use of cephalo-
sporins was linked to increased prevalence of �-lactamases in
M. catarrhalis but not in H. influenzae. In Sweden, the produc-
tion of �-lactamase was compared to the total use of antibiotics
in areas of high consumption and low consumption (18).
Among M. catarrhalis isolates, the number of �-lactamase pro-
ducers was significantly higher in the area of highest mean
consumption of all antibiotics. Among H. influenzae isolates,
no significant difference was shown, although larger numbers
of �-lactamase-positive isolates were detected in the areas of
high antimicrobial consumption.

In the 1970s and 1980s, TMP resistance was linked to in-

TABLE 2. Regional SXT resistance in Streptococcus pneumoniae (1998–2004)

Central hospital district
No. of isolates (% resistant)

1998 1999 2000 2001 2002 2003 2004

Varsinais-Suomi 194 (25.8) 250 (30.0) 138 (11.6) 269 (18.6) 239 (18.9) 241 (19.1)
Satakunta 221 (15.0) 139 (15.8) 111 (15.3) 117 (21.4) 126 (19.0) 137 (16.8) 120 (25.8)
Kanta-Häme 116 (15.5) 72 (29.2) 93 (23.7) 79 (19.0) 73 (16.4) 98 (9.2) 103 (12.6)
Pirkanmaa 356 (17.4) 349 (18.1) 380 (21.1) 320 (20.9) 289 (18.0) 275 (17.1) 336 (18.8)
Päijät-Häme 52 (5.8) 82 (14.6) 159 (13.2) 183 (9.8) 112 (9.8) 116 (12.9) 64 (23.4)
Kymenlaakso 121 (45.0) 134 (16.4) 96 (11.5) 110 (7.3) 74 (13.5) 70 (12.9) 59 (18.6)
Etelä-Karjala 88 (15.9) 101 (17.8) 96 (12.5) 95 (17.9)
Etelä-Savo 140 (11.0) 207 (14.0) 118 (16.1) 115 (5.2) 92 (22.8) 99 (11.1) 83 (16.9)
Itä-Savo 70 (35.7) 55 (12.7) 40 (10.0) 48 (4.2) 42 (9.5)
Pohjois-Karjala 210 (10.0) 199 (13.6) 179 (19.6) 167 (15.6) 103 (6.8) 127 (9.4) 102 (11.8)
Pohjois-Savo 40 (25.0) 108 (16.0) 336 (13.1) 337 (12.8) 281 (10.3) 363 (14.6) 258 (17.4)
Keski-Suomi 150 (14.7) 151 (13.9) 119 (11.8)
Etelä-Pohjanmaa
Vaasa 89 (15.7) 132 (10.6) 141 (4.3) 113 (9.7) 83 (14.5)
Keski-Pohjanmaa 9 (0)
Pohjois-Pohjanmaa 789 (17.0) 1,000 (16.0) 754 (13.9) 529 (16.3) 479 (23.4)
Kainuu
Länsi-Pohja 48 (12.5)
Lappi 29 (24.1) 24 (25)
Ahvenanmaa
Helsinki and Uusimaa 672 (16.2) 1,067 (26.1) 645 (15.5) 1,397 (16.3) 1,075 (13.7) 1,501 (19.3) 1,562 (20.5)

TABLE 3. Regional SXT resistance in Haemophilus influenzae (1998–2004)

Central Hospital district
No. of isolates (% resistant)

1998 1999 2000 2001 2002 2003 2004

Varsinais-Suomi 422 (19.2) 334 (21.3) 425 (31.5) 260 (21.5) 129 (15.5) 234 (10.3) 211 (19)
Satakunta 117 (21.4) 100 (11.0) 99 (7.1) 86 (4.7) 93 (11.8) 77 (10.4)
Kanta-Häme 164 (18.0) 80 (10.0) 130 (21.5) 152 (6.6) 101 (6.9) 107 (9.3) 83 (10.8)
Pirkanmaa 351 (12.0) 352 (17.0) 305 (15.4) 302 (7.9) 238 (8.0) 217 (8.3) 158 (15.8)
Päijät-Häme 125 (18.0) 110 (13.6) 102 (21.6) 130 (11.5) 74 (9.5) 75 (13.3) 54 (22.2)
Kymenlaakso 158 (19.0) 134 (20.9) 133 (10.5) 77 (6.5) 89 (9) 112 (11.6)
Etelä-Karjala 190 (15.0) 156 (16.7) 147 (17.7) 192 (10.9) 97 (13.4) 86 (7) 67 (11.9)
Etelä-Savo 170 (14.0) 181 (15.5) 143 (15.4) 166 (15.7) 87 (6.9) 96 (8.3) 83 (4.8)
Itä-Savo 53 (18.9) 42 (2.4) 34 (8.8) 40 (5) 33 (24.2)
Pohjois-Karjala 174 (14.0) 173 (15.0) 136 (15.4) 120 (11.7) 85 (14.1) 103 (6.8) 85 (17.6)
Pohjois-Savo 505 (11.0) 482 (13.9) 343 (14.9) 346 (10.1) 229 (12.2) 338 (10.7) 278 (17.3)
Keski-Suomi 242 (11.0) 242 (19.4) 175 (12.0) 175 (20.6) 118 (11.9) 133 (9) 98 (13.3)
Etelä-Pohjanmaa 209 (13.4) 197 (17.8) 183 (9.8) 117 (6.0) 132 (12.1) 113 (9.7)
Vaasa 18 (6.0) 168 (10.1) 123 (12.2) 130 (8.5) 137 (14.6) 158 (9.5) 90 (10)
Keski-Pohjanmaa 54 (9.3)
Pohjois-Pohjanmaa 469 (10.0) 441 (11.1) 826 (16.7) 676 (8.9) 538 (8.0) 516 (5.6) 398 (7.5)
Kainuu
Länsi-Pohja 98 (6.0) 82 (7.3) 44 (9.1) 55 (1.8) 48 (8.3) 50 (8) 28 (7.1)
Lappi 77 (10.0) 62 (8.1) 59 (11.9) 52 (17.3) 36 (11.1) 26 (7.7) 17 (11.8)
Ahvenanmaa
Helsinki and Uusimaa 1,341 (13.6) 1,132 (26.8) 1,674 (20.0) 1,220 (12.7) 812 (13.5) 1,251 (9.3) 1,120 (13.8)
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creased consumption of TMP alone and of SXT for E. coli
(15), but not later, for E. coli isolates from urinary tract infec-
tions (17). Thus, it seems that restricting the use of SXT may
result in resistance declining, but only in pneumococci. On the
other hand, M. catarrhalis may be subject to selection pressure,
but not with SXT. In the case of H. influenzae, the present
study supports the results of the few previous studies, showing
that resistance in H. influenzae is not highly susceptible to
selective pressure.

Despite the decrease in consumption at the national level,
increases in resistance among pneumococci and also among H.
influenzae isolates from 2002 to 2004 were evident (Fig. 2). In
Iceland, the spread of an international multiresistant clone
explained the increased carriage of non-penicillin-susceptible
pneumococci in an area of low and declining use of antimicro-
bials (1). Resistance against erythromycin, tetracycline, chlor-
amphenicol, and SXT was very common among these isolates.

Similarly, in Spain, dissemination of several multiresistant
pneumococcal clones was associated with a high prevalence of
macrolide resistance in pneumococci (5). We are not able to
analyze multiresistance among single S. pneumoniae isolates
from our resistance data, and the isolates have not been sero-
typed. Consequently, we cannot confirm the occurrence of
multiresistant clones in Finland, which in our opinion may
explain this increase in resistance. Our view is supported indi-
rectly by the increase in penicillin nonsusceptibility (from 8.5%
to 10.8%) and erythromycin resistance (from 15.4% to 20.2%)
between 2002 and 2004 in all S. pneumoniae isolates (http:
//www.ktl.fi/portal/english/projects/fire/finres). The clonality
among multidrug-resistant H. influenzae strains is not as obvi-
ous as that among pneumococci (10). Therefore, the reason for
the increase in SXT resistance remains open at this point.

Our method differs from that of many studies in that we
compared consumption and resistance over a relatively long
period (7 years), and also geographically. The consumption
data used in our analysis (sales from wholesalers) are esti-
mated to represent at least 99% of the actual sales. Resistance
data were not available from two (2/21 districts) central hos-
pital districts. The remaining 19 districts cover �98% of the
population in Finland. Thus, our data have an extensive cov-
erage. In Finland, resistance data have been collected annually
from all health care districts since 1997. As shown in Tables 2,
3, and 4, the reporting activity for SXT resistance has varied,
especially in the case of pneumococci. The large amount of
missing information may have influenced the analysis of pneu-
mococci. Also, there are other factors possibly biasing the
results. The resistance data are not based on a one-per-patient
principle; a common practice in Finnish laboratories, however,
is to perform susceptibility testing only once if the same patho-
gen is cultured from several samples during an infection epi-
sode. On the other hand, the regional consumption figures may
include prescriptions purchased in one health care district but

TABLE 4. Regional SXT resistance in Moraxella catarrhalis (1998–2004)

Central Hospital district
No. of isolates (% resistant)

1998 1999 2000 2001 2002 2003 2004

Varsinais-Suomi 257 (21.2) 248 (20.6) 294 (27.9) 115 (3.5) 99 (4.0) 133 (10.5) 121 (15.7)
Satakunta 66 (6.1) 35 (2.9) 50 (2.0) 45 (0.0) 37 (0.0) 39 (2.6)
Kanta-Häme 67 (25.0) 66 (15.2) 46 (13.0) 63 (9.5) 24 (4.2) 70 (15.7) 42 (7.1)
Pirkanmaa 98 (8.2) 101 (3.0) 105 (5.7) 75 (8.0) 83 (4.8)
Päijät-Häme 145 (5.0) 90 (3.3) 143 (3.5) 121 (7.4) 78 (5.1) 72 (8.3) 33 (0.0)
Kymenlaakso 72 (1.4) 66 (0.0) 42 (2.4) 33 (6.1) 36 (5.6) 29 (3.4)
Etelä-Karjala 82 (1.0) 84 (7.1) 106 (8.5) 96 (4.2) 48 (2.1) 31 (12.9) 28 (7.1)
Etelä-Savo 39 (8.0) 70 (12.9) 67 (6.0) 64 (12.5) 27 (0.0) 24 (8.3) 30 (3.3)
Itä-Savo 44 (4.5) 27 (3.7) 20 (5.0) 11 (0.0) 16 (6.3)
Pohjois-Karjala 72 (14.0) 77 (0.0) 74 (5.4) 60 (3.3) 42 (0.0) 44 (4.5) 45 (11.1)
Pohjois-Savo 285 (4.0) 212 (7.1) 181 (3.3) 165 (6.1) 119 (4.2) 157 (6.4) 141 (4.3)
Keski-Suomi 117 (3.0) 92 (2.2) 85 (3.5) 106 (2.8) 67 (1.5) 61 (0.0) 58 (0.0)
Etelä-Pohjanmaa 123 (9.8) 97 (14.4) 91 (4.4) 80 (3.8) 60 (6.7) 50 (2.0)
Vaasa 84 (2.4) 68 (1.5) 89 (5.6) 68 (4.4) 81 (3.7) 52 (3.8)
Keski-Pohjanmaa
Pohjois-Pohjanmaa 184 (4.0) 200 (5.0) 396 (2.3) 327 (4.3) 57 (3.5) 109 (8.3) 158 (7.6)
Kainuu
Länsi-Pohja 46 (0.0) 38 (0.0) 53 (3.8) 41 (9.8) 29 (0.0) 28 (0.0) 24 (4.2)
Lappi 45 (7.0) 35 (14.3) 25 (16.0) 25 (0.0) 21 (0.0) 15 (0.0)
Ahvenanmaa
Helsinki and Uusimaa 723 (25.2) 603 (19.1) 853 (8.8) 665 (6.6) 336 (2.7) 792 (2.3) 854 (2.2)

TABLE 5. Connection between SXT use and resistance among
S. pneumoniae, H. influenzae, and M. catarrhalis isolates

Organism and
effect

Parameter
estimate SE df P value

S. pneumoniae
Intercept 3.21 6.05 15 0.604
Time 0.45 0.59 14 0.452
Consumption 17.08 6.07 60 0.007

H. influenzae
Intercept 16.62 4.70 18 0.002
Time �0.79 0.38 17 0.051
Consumption �1.22 5.02 80 0.808

M. catarrhalis
Intercept 6.89 5.75 17 0.248
Time �0.47 0.49 16 0.349
Consumption 1.97 6.00 65 0.744
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used elsewhere. Parts of prescriptions may even remain un-
used. S. pneumoniae, H. influenzae, and M. catarrhalis cause
infections in and are carried mainly by young children; there-
fore, antimicrobial consumption by this age group can be con-
sidered most important for the development and spread of
resistance. Our consumption data and resistance data were,
however, collected during the study period as total figures, and
we are not able to analyze the connection by age groups. From
the FINRES data of 2005 (http://www.ktl.fi/portal/english
/projects/fire/finres), we know that SXT resistance was higher
(23.1%) among young children (�5 years) than in the rest of
the population (16.2%). It is also known that 60% of SXT has
been prescribed for otitis media, an infection presenting mostly
in children of �5 years old (21). However, we do not know how
these figures have altered during the study period. Therefore,
the effect of age on our results cannot reliably be evaluated.

In conclusion, the use of SXT explains changes in resistance
in pneumococci but not in H. influenzae and M. catarrhalis. The
selection of coresistance and persistence of resistance mecha-
nisms may increase and maintain resistance against SXT in
respiratory tract pathogens despite declining consumption of
the drug.
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Hospital), Hannu Sarkkinen and Pauliina Kärpänoja (Päijät-Häme
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