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Multivariate Analysis of Risk Factors for Infection Due to Penicillin-Resistant
and Multidrug-Resistant Streptococcus pneumoniae: A Multicenter Study
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Pneumococcal disease was studied prospectively to determine the risk factors associated with
resistance to penicillin and other antibiotics. One hundred twelve clinically significant pneumococcal
isolates were recovered from 95 patients. Approximately one-half (49.47%) of the cases were due
to penicillin-resistant strains. Multivariate analysis showed that previous use of b-lactam antibiotics
(odds ratio [OR], 2.81; 95% confidence interval [CI], 0.95–8.27), alcoholism (OR, 5.22; 95% CI,
1.43–19.01), and noninvasive disease (OR, 4.53; 95% CI, 1.54–13.34) were associated with penicillin
resistance, whereas intravenous drug use (OR, 0.14; 95% CI, 0.03–0.74) was not. Statistical analyses
of the variables associated with resistance to multiple antibiotics detected age of younger than 5
years (OR, 16.79; 95% CI, 1.60–176.34) or of 65 years or older (OR, 4.33; 95% CI, 1.42–13.21) and
previous use of b-lactam antibiotics by patients with noninvasive disease (OR, 7.92; 95% CI,
1.84–34.06) as parameters associated with increased risk. We conclude that multivariate analysis
provides clues for empirical therapy for pneumococcal infection.

The overall clinical spectrum of pneumococcal infection in-For many years, pneumococci were uniformly susceptible
cludes other entities aside from invasive disease [4, 5]. In ato penicillin. However, since the first isolate resistant to penicil-
prospective study of pneumococcal disease, both invasive andlin was reported from Australia in 1967 [1], the problem of
noninvasive, in Cádiz, Spain, we determined the risk factorspenicillin resistance has spread throughout the world [2]. The
associated with resistance to penicillin and other antibiotics.frequency and severity of pneumococcal infections, together
Our findings facilitate the choice of initial empirical antibioticwith the increasingly rapid discovery of pneumococcal strains
therapy for pneumococcal infection.resistant to antimicrobial agents, underscore the need for devel-

oping more effective therapeutic, preventive, and control mea-
sures.

Although infections due to penicillin-resistant pneumococci Materials and Methods
may occur more often in patients with identifiable predisposing

We performed a population-based study in Cádiz (southernconditions, we are aware of only one previous prospective
Spain) with the cooperation of the staffs of the infectious dis-study that analyzed the independent effect of risk factors for
eases and microbiology units at five hospitals; these personnelpatients with pneumococcal disease. In a population-based
make up the Group for the Study of Infectious Diseases inanalysis of the predictive factors for meningitis, pneumonia,
Cádiz. The five hospitals (two university hospitals, one generalor sepsis, Nava et al. [3] considered age of 0–4 years, presence
hospital, and two acute care hospitals with specialized depart-of immunosuppressive underlying disease, and previous use of
ments) serve a population of 1,100,000 people. From Februaryb-lactam antibiotics as factors for invasive infection by resis-
1993 to March 1994, all isolates of Streptococcus pneumoniaetant pneumococci.
from hospitalized patients were subjected to uniform microbio-
logical analysis and clinical study. Only those isolates of clini-
cal significance were evaluated.

Clinical study. All patients from whom S. pneumoniae was
Received 1 November 1995; revised 31 October 1996. isolated were followed up, and information about each patientGrant support: This work was supported by the Junta de Andalucı́a (Andalu-

was obtained by one of the authors. The following variablessian Regional Autonomous Government; 83(1992).
* The personnel of the infectious diseases and microbiology units of these were analyzed: age, sex, underlying disease(s), clinical condi-

five hospitals make up the Group for the Study of Infectious Diseases in Cádiz, tion at the time of admission, risk factors for infection, andSpain.
site of the infection. All patients were followed up until deathReprints or correspondence: Dr. José A. Girón-González, Unidad de En-

fermedades Infecciosas, Hospital Universitario Puerta del Mar, Ana de Viya or discharge.
21, Cádiz 11009, Spain. The severity of the underlying diseases was classified ac-
Clinical Infectious Diseases 1997;24:1052–9 cording to the criteria of McCabe and Jackson [6] as rapidly
q 1997 by The University of Chicago. All rights reserved.
1058–4838/97/2406–0003$02.00 fatal, ultimately fatal, or nonfatal. The patient’s clinical condi-
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tion at the time of the study was classified according to the technique with Mueller-Hinton agar supplemented with 5%
horse blood; a 1-mg oxacillin disk was used to reveal resistancecriteria of Winston et al. [7] as stable, fair, poor, or critical.

True infection was defined as isolation of S. pneumoniae from to penicillin.
MICs were determined by the Etest [13, 14]. An isolateclinically significant material or isolation of S. pneumoniae

from other samples and clinical evidence of infection not attrib- was defined as susceptible, intermediately resistant, and highly
resistant to penicillin when the MICs were õ0.1 mg/mL,utable to other microorganisms.

Sources of isolates and specimen collection. During the 0.1–1.0 mg/mL, and ú1.0 mg/mL, respectively [15].
Susceptibility to other antibiotics was determined by disk-study period, 112 consecutive clinically significant pneumococ-

cal isolates were recovered from 95 patients (74 males and 21 diffusion testing [16]. The diameters of the zones of inhibition
that were considered to reveal susceptibility were as follows:females) aged 1 to 81 years (mean age { SD, 45.34 { 20.69

years). The sources of the clinically significant isolates were erythromycin, §23 mm; chloramphenicol, §18 mm; tetracy-
cline, §19 mm; co-trimoxazole, §16 mm; clindamycin, §21blood (41 isolates), pleural fluid (8), sputum (30), bronchoal-

veolar lavage fluid (7), CSF (7), otic specimens (6), conjunctival mm; vancomycin, §12 mm; and cefotaxime, §23 mm [17].
Pneumococci that were resistant to three or more antibioticsspecimens (3), ascitic fluid (4), and miscellaneous samples (6;

protected brush catheter specimens obtained via a bronchoscope (including penicillin) were considered multidrug resistant [18].
Patients in all five centers were specifically questioned dur-[2], skin biopsy specimens [2], deep bone biopsy specimen ob-

tained during surgery for acute osteomyelitis [1], and bile ob- ing their hospitalizations about the variables putatively associ-
ated with penicillin resistance and multidrug resistance: age,tained during surgery for acute noncalculous cholecystitis [1]).

To exclude contaminated specimens, sputum was collected sex, use of b-lactam agents during the previous 3 months,
alcoholism, liver cirrhosis, cancer, pneumonia in the last year,after the patients rinsed out their mouths with water and

coughed deeply. Only those samples withú25 neutrophils and HIV infection, intravenous drug use (IVDU), hospitalization
during the previous 6 months, diabetes mellitus, chronic ob-õ10 squamous epithelial cells per low-power field (1100)

were cultured [8, 9]. structive pulmonary disease (COPD), and nosocomial infection
(nosocomial infection was diagnosed when signs and symp-Two cases of pneumococcal pneumonia were diagnosed on

the basis of findings of examinations of protected brush catheter toms of disease developed after 48 hours of hospitalization for
an unrelated illness).samples obtained via a fiberoptic bronchoscope. The patients

did not have chronic bronchitis as an underlying structural Information on some variables (mechanical ventilation and
invasive disease) was obtained from the chart while the patientdisease and had not previously received antibiotic therapy. The

presence of ú103 bacteria was required for the diagnosis of was hospitalized. Invasive disease was diagnosed when a cul-
ture-positive specimen was obtained from a normally sterilepneumonia [10].

Examination of bronchoalveolar lavage fluid specimens re- site (pleural fluid, CSF, pericardial fluid, ascitic fluid, or blood).
Because pneumococcal bile cyst and bone infections implyvealed the etiologies of five cases of ventilator-associated pneu-

monia and two cases of community-acquired pneumonia. Less previous bacteremia, cholecystitis (one case) and osteomyelitis
(one case) were also classified as invasive diseases. Thus, inva-than 1% of the cells in these samples were squamous epithelial

cells. In every case, quantitative cultures showed ú105 sive disease was diagnosed in cases of pneumonia with bacter-
emia, empyema, meningitis, peritonitis, pericarditis, cholecysti-cfu/mL [10, 11]. Cultures of sputum or specimens obtained

by protected brush catheters or bronchoalveolar lavage were tis, osteomyelitis, and bacteremia from an unidentified focus.
Statistical analysis. The statistical significance of qualita-required only in cases with clinical and radiological signs of

pneumonia. tive variables was analyzed with either the x2 test or Fisher’s
exact test. The relation of covariates with resistance was ini-Ear drainage fluid for bacterial cultures was obtained after

cleaning the canal; fresh pus was sampled as it exuded from tially assessed by univariate analysis, and then odds ratios were
determined. Multivariate analyses were performed via stepwisethe tympanic membrane. A calcium alginate swab dipped in

trypticase soy broth was used to obtain material from the con- logistic regression; penicillin resistance or multidrug resistance
was the dependent variable. Variables associated with resis-junctival sacs; samples were obtained from both eyes. The

specimens were transported to the laboratory within 30 minutes tance in the univariate analysis and other potentially related
factors were considered independent variables in the models.after collection. Cultures of blood, pleural fluid, CSF, ascitic

fluid, bile, and deep bone or skin biopsy specimens were done The analysis included testing for the existence of an interaction
between the different variables. Goodness of fit of the finalas previously indicated [12].

Microbiological study. S. pneumoniae was identified on models was assessed with the CO statistic reported by Hosmer
and Lemeshow [19].the basis of typical colonial morphology on Mueller-Hinton

agar with 5% defibrinated horse blood, characteristic findings
Resultsof gram staining, results of disk diffusion tests with optochin,

bile solubility, and results of latex agglutination tests. Anti- Risk factors for pneumococcal infection. Of the 95 patients
studied, 15 (15.79%) had been hospitalized previously and 11biotic susceptibility was tested by means of the disk-diffusion
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Table 1. Main clinical and epidemiological characteristics of 95 patients with pneumococcal infection
and susceptibility of the isolates to penicillin.

No. (%) of patients from whom isolates were
recovered

Penicillin-susceptible Penicillin-resistant Total
Characteristic (n Å 48) (n Å 47) (n Å 95)

Underlying disease 39 (81.25) 39 (82.98) 78 (82.11)
Severity of underlying disease

Nonfatal 12 (30.77) 14 (35.90) 26 (33.33)
Ultimately fatal 18 (46.15) 18 (46.15) 36 (46.15)
Rapidly fatal 9 (23.08) 7 (17.95) 16 (20.51)

Mode of acquisition
Nosocomial 3 (6.25) 8 (17.02) 11 (11.58)
Community 45 (93.75) 39 (82.98) 84 (88.42)

Invasive disease 33 (68.75) 23 (48.94) 56 (58.95)
Bacteremia 24 (50.00) 17 (36.17) 41 (43.16)
Clinical outcome

Cure 41 (85.42) 41 (87.23) 82 (86.32)
Death 7 (14.58) 6 (12.76) 13 (13.68)

Pneumococcal infection related 4 (8.33) 4 (8.51) 8 (8.42)
Pneumococcal infection unrelated 3 (6.25) 2 (4.26) 5 (5.26)

(11.58%) had nosocomial infections. Previous use of b-lactam ately penicillin-resistant pneumococci, and 24 (25.26%) were
due to highly penicillin-resistant strains. All pneumococcal iso-antibiotics during the last 3 months was reported by 25 patients

(26.32%). Underlying diseases that might have contributed to lates were susceptible to cefotaxime and vancomycin.
The main clinical and epidemiological characteristics of thepneumococcal infection were present in 78 patients (82.11%).

These underlying conditions were HIV infection (26.31%), al- 95 patients with S. pneumoniae infection are shown in table 1;
the characteristics are classified according to the susceptibilitycoholism (23.15%), COPD (21.05%), diabetes (12.63%), neo-

plasia (11.57%), and liver cirrhosis (7.36%). Some patients (19 of isolates to penicillin. Of the 95 strains studied, 30 (31.6%)
were multidrug resistant. Susceptibility testing revealed thatcases) had more than one underlying disease. There were no

significant differences in terms of age, sex, underlying disease, 4.17% of penicillin-susceptible pneumococci, 47.83% of inter-
mediately penicillin-resistant pneumococci, and 70.83% ofor site of the infection between the patient populations from

the five hospitals participating in this study. highly penicillin-resistant pneumococci were resistant to multi-
ple antibiotics (table 2). There were no significant differencesClinical characteristics. The most frequent diagnoses were

pneumonia (66.31%), empyema (8.42%), meningitis (7.36%), in the frequency of resistant pneumococci isolated from the
patient populations at the different hospitals participating inotitis (6.31%), peritonitis (4.21%), pneumococcal bacteremia

from an unidentified focus (4.21%), and conjunctivitis (3.15%). this study (data not shown). The different patterns of multidrug
resistance are summarized in table 3. All multidrug-resistantThe pneumococcal infection was invasive in 56 patients

(58.95%). Pneumococcal bacteremia (41 cases) was generally isolates were resistant to co-trimoxazole.
Statistical analysis of factors implicated in penicillin resistancesecondary to pneumonia (29 cases [70.73%]), meningitis

(4 [9.76%]), or empyema, peritonitis, otitis, or endocarditis and multidrug resistance. No significant differences were ob-
served between clinical characteristics (age, sex, use of b-lactam(1 each [2.44%]).

The clinical conditions of the patients at the time of the agents during the previous 3 months, alcoholism, liver cirrhosis,
cancer, pneumonia in the last year, HIV infection, IVDU, hospi-study were considered stable in 11 cases (11.58%), fair in 34

cases (35.80%), poor in 26 cases (27.36%), and critical in 24 talization during the previous 6 months, mechanical ventilation,
diabetes mellitus, COPD, nosocomial infection, and invasive dis-cases (25.26%). Thirteen patients (13.68%) died in the hospital.

Death was directly attributable to pneumococcal infection in ease) of patients infected with pneumococci with intermediate-
and high-level penicillin resistance (table 4). Thus, univariate andeight (8.42%) of these patients.

Susceptibility of S. pneumoniae isolates to penicillin and multivariate analyses of risk factors associated with penicillin
resistance and multidrug resistance were done with use of penicil-other antibiotics. Of the 95 cases of pneumococcal infection

studied, 48 (50.53%) were due to penicillin-susceptible strains. lin resistance as a single variable.
The distribution of different variables in relation to penicillinThe remaining 47 cases (49.47%) were due to penicillin-resis-

tant strains; of all 95 cases, 23 (24.21%) were due to intermedi- resistance (MIC,ú0.1 mg/mL) is shown in table 5. The univari-
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Table 2. Susceptibility of 95 pneumococcal isolates to antibiotics other than penicillin according to
the MIC of penicillin.

No. (%) of isolates

Intermediately resistant Highly resistant
Penicillin-susceptible to penicillin to penicillin

Antibiotic(s) (n Å 48) (n Å 23) (n Å 24)

Erythromycin 4 (8.33) 9 (39.13) 8 (33.33)
Chloramphenicol 1 (2.08) 1 (4.35) 7 (29.17)
Tetracycline 8 (16.67) 14 (60.87) 20 (83.33)
Co-trimoxazole 13 (27.08) 19 (82.61) 22 (91.67)
Clindamycin 6 (12.50) 6 (26.09) 9 (37.50)
Multiple agents 2 (4.17) 11 (47.83) 17 (70.83)

NOTE. All strains were susceptible to cefotaxime and vancomycin.

ate analysis revealed that previous use of b-lactam antibiotics used. Inversely, a greater risk of multidrug resistance was de-
tected for patients who used b-lactam antibiotics previouslywas significantly associated with penicillin resistance. IVDU

was not associated with penicillin resistance. The lack of asso- and had noninvasive disease (table 8).
ciation between invasive disease and penicillin resistance ap-

Discussionproached statistical significance (P Å .0508).
Recent studies have reported an increase in the rate of resis-Multivariate analysis of risk factors potentially associated

tance to various antimicrobial agents (particularly penicillin)with penicillin resistance showed that previous use of b-lactam
antibiotics, alcoholism, and noninvasive disease were associ-
ated with resistance, whereas IVDU was not (table 6). There- Table 4. Risk factors associated with intermediate and high resis-
fore, we studied those risk factors suspected of being associated tance to penicillin for 47 patients with pneumococcal infection.
with multidrug resistance. Univariate analysis of these putative

No. (%) of patients with indicatedrisk factors (table 7) showed that previous use of b-lactam
characteristic according to strain typeantibiotics (OR, 2.67; 95% CI, 0.92–7.76; P Å .0707) was

associated with resistance to multiple antibiotics (although not
Intermediate High

in a statistically significant manner). Multivariate analysis resistance resistance Total
showed that noninvasive disease, previous use of b-lactam Risk factor (n Å 23) (n Å 24) (n Å 47) P value

antibiotics, and age of younger than 5 years or 65 years or
Age (y)older were significantly associated with increased risk.

5 or younger 3 0 3 (6.38)
We observed an interaction between the first two variables.

6 to 44 6 13 19 (40.43)
Noninvasive disease was associated with multidrug resistance 45 to 64 8 4 12 (25.53)
only in those cases in which b-lactam agents were previously 65 or older 6 7 13 (27.66) .3524

Sex
Male 17 19 36 (76.60)
Female 6 5 11 (23.40) .9356

Use of b-lactam agents inTable 3. Patterns of multidrug resistance in 30 pneumococcal iso-
lates. previous 3 mo 9 8 17 (36.17) .9125

Alcoholism 8 6 14 (29.79) .6788
Liver cirrhosis 2 1 3 (6.38) .4836No. (%) of

Multidrug pattern resistant isolates Cancer 2 3 5 (10.64) .9598
Pneumonia in the last year 2 3 5 (10.64) .9598
HIV infection 3 7 10 (21.28) .1604Co-trimoxazole, penicillin, tetracycline 11 (36.67)

Co-trimoxazole, penicillin, erythromycin Intravenous drug use 0 3 3 (6.38) .1248
Hospitalization in previousCo-trimoxazole, penicillin, clindamycin,

erythromycin, tetracycline 5 (16.67) 6 mo 3 7 10 (21.28) .1604
Mechanical ventilation 3 5 8 (17.02) .37534 (13.33)

Co-trimoxazole, penicillin, erythromycin, tetracycline 4 (13.33) Diabetes mellitus 3 4 7 (14.89) .9513
Chronic obstructiveCo-trimoxazole, penicillin, clindamycin, erythromycin 3 (10.00)

Co-trimoxazole, penicillin, clindamycin 1 (3.33) pulmonary disease 6 5 11 (23.40) .9357
Nosocomial infection 3 5 8 (17.02) .3753Co-trimoxazole, penicillin, chloramphenicol 1 (3.33)

Co-trimoxazole, erythromycin, tetracycline 1 (3.33) Invasive disease 13 10 23 (48.94) .4675

/ 9c2f$$ju05 05-06-97 18:31:54 cida UC: CID

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/24/6/1052/339054 by guest on 21 August 2022



1056 Clavo-Sánchez et al. CID 1997;24 (June)

Table 5. Risk factors for infection due to penicillin-resistant Streptococcus pneumoniae and results of univariate analysis.

No. (%) of patients with indicated characteristic
according to strain type

Result of univariate analysis
Penicillin-susceptible Penicillin-resistant Total

Risk factor (n Å 48) (n Å 47) (n Å 95) OR 95% CI P value

Age (y)
Younger than 5 2 3 5 (5.26) 1.82 0.19–23.55 .4375
5 to 44 24 19 43 (45.26) 1.00
45 to 64 13 12 25 (26.32) 1.12 0.37–3.39 .9728
65 or older 9 13 22 (23.16) 1.75 0.55–5.68 .4297

Alcoholism 8 14 22 (23.16) 2.12 0.71–6.43 .1316
Use of b-lactam agents in previous 3 mo 8 17 25 (26.32) 2.83 0.97–8.42 .0308
Cancer 6 5 11 (11.58) 0.83 0.20–3.45 .7779
Chronic obstructive pulmonary disease 9 11 20 (21.05) 1.32 0.44–4.02 .5799
Diabetes mellitus 5 7 12 (12.63) 1.50 0.38–6.10 .5135
Hospitalization in previous 6 mo 5 10 15 (15.79) 2.32 0.64–8.79 .1488
Invasive disease 33 23 56 (58.95) 0.44 0.17–1.10 .0508
Liver cirrhosis 4 3 7 (7.37) 0.75 0.12–4.35 .5118
Mechanical ventilation 3 8 11 (11.58) 3.08 0.67–16.07 .1027
Nosocomial infection 3 8 11 (11.58) 3.08 0.67–16.07 .1027
Pneumonia in previous year 4 5 9 (9.47) 1.31 0.28–6.40 .7028
Intravenous drug use 12 3 15 (15.79) 0.20 0.04–0.88 .0133
Sex

Male 38 36 74 (77.89) 1.00
Female 10 11 21 (22.11) 1.16 0.39–3.44 .7639

HIV infection 15 10 25 (26.32) 0.59 0.21–1.66 .2722

in pneumococci in certain geographic areas [2, 18]. Our pro- 27], the retrospective nature of most studies [5, 24, 27], and
spective study confirms the rates reported by other investigators the lack of multivariate analyses make interpretation of these
in Spain [4, 20–22]. results difficult.

A number of predisposing conditions (such as young age [4, To our knowledge, only one study has assessed the indepen-
23], previous hospitalization [25], severity of the underlying dent contribution of possible risk factors for infection due to
disease [4, 24], previous antibiotic therapy [4, 24], immunosup- penicillin-resistant pneumococci. Nava et al. [3] studied 374
pression [4, 18], nosocomial pneumonia or previous episodes episodes of invasive pneumococcal disease (pneumonia, men-
of pneumonia [24], and isolation of certain serotypes [4]) have ingitis, or bacteremia) in the province of Barcelona, Spain,
been identified as risk factors for pneumococcal infections and found that 88 were caused by penicillin-resistant strains.
caused by penicillin-resistant strains in case-control studies [4]. Multivariate analysis showed that the variables associated with
However, conflicting results have been found in large case penicillin resistance were age of younger than 5 years, immuno-
series, even in reports from similar geographic areas [25, 26]. suppressive underlying disease (including HIV infection, liver
The coincidence of several risk factors in the same patients [4, cirrhosis, and neoplasms), and prior use of b-lactam antibiotics.

The results of our multivariate analysis showed that non-
invasive disease, previous use of b-lactam antibiotics, and alco-

Table 6. Results of multivariate analysis of risk factors associated holism are risk factors for infection with penicillin-resistant
with penicillin resistance in isolates from 95 patients with pneumococ- pneumococci. IVDU was not associated with penicillin resis-
cal infection.

tance.
Our study confirms that previous use of b-lactam antibioticsRisk factor OR 95% CI

is a risk factor associated with penicillin resistance [3]. Baquero
Use of b-lactam antibiotics in previous 3 mo 2.81 0.95–8.27 et al. [28] argued that the repetitive use of b-lactam agents
Alcoholism 5.22 1.43–19.01

exerts a selection effect on the pneumococcal strains in carriers,
Intravenous drug use 0.14 0.03–0.74

thus leading to the emergence of resistant strains.Noninvasive disease 4.53 1.54–13.34
Because alcoholism may be related to immune deficiencyAge (y)

Younger than 5 4.15 0.43–40.10 [29, 30], it is another risk factor for infection due to penicillin-
5 to 44 3.40 0.88–13.20 resistant pneumococci. Other studies have shown an increased
65 or older 3.78 0.94–15.18

risk of infection due to penicillin-resistant pneumococci in pa-
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Table 7. Risk factors for infection due to multidrug-resistant pneumococci and results of univariate analysis.

No. (%) of patients with indicated characteristic
according to strain type

Result of univariate analysis
Non-multidrug-resistant Multidrug-resistant Total

Risk factor isolates (n Å 65) isolates (n Å 30) (n Å 95) OR 95% CI P value

Age (y)
5 or younger 1 4 5 (5.26) 2.75 0.80–9.56 .1209
6 to 44 33 10 43 (45.26) 1.00
45 to 64 19 6 25 (26.32) 1.04 0.28–3.81 .8206
65 or older 12 10 22 (23.16) 13.20 1.07–668.97 .0210

Alcoholism 15 7 22 (23.16) 1.01 0.32–3.17 .8149
Use of b-lactam agents in previous 3 mo 13 12 25 (26.32) 2.67 0.92–7.76 .0707
Cancer 7 4 11 (11.58) 1.27 0.28–5.53 .4792
Chronic obstructive pulmonary disease 14 6 20 (21.05) 0.91 0.27–2.99 .9205
Diabetes mellitus 8 4 12 (12.63) 1.10 0.25–4.60 .5635
Hospitalization in previous 6 mo 11 4 15 (15.79) 0.76 0.18–2.96 .4535
Invasive disease 42 14 56 (58.95) 0.48 0.18–1.27 .1530
Liver cirrhosis 6 1 7 (7.37) 0.34 0.01–3.09 .2872
Mechanical ventilation 7 4 11 (11.58) 1.27 0.28–5.53 .4792
Nosocomial infection 8 3 11 (11.58) 0.79 0.15–3.72 .5207
Pneumonia in previous year 6 3 9 (9.47) 1.09 0.20–5.54 .5861
Intravenous drug use 13 2 15 (15.79) 0.29 0.04–1.50 .0831
Sex

Male 51 23 74 (77.89) 1.00
Female 14 7 21 (22.11) 1.11 0.34–3.50 .9442

HIV infection 18 7 25 (26.32) 0.79 0.25–2.42 .8431

tients with liver cirrhosis [18, 31]. It would be interesting to ality, etc.) on penicillin susceptibility in pneumococci has not
previously been analyzed. In our geographic area, 84% of HIV-know the cause of the liver disease and the influence of alcohol-

ism in these patients. infected patients are intravenous drug users [36]. Our data show
that patients with a history of IVDU have a lower risk ofAlthough HIV infection has been considered a risk factor

for pneumococcal infection [4, 32, 33], there are conflicting infection by penicillin-resistant pneumococci. This finding
could mask the effect of immunosuppression.results with respect to its effect on penicillin susceptibility [34,

35]. We did not detect any effect of HIV infection on penicillin The rate of treatment compliance among intravenous drug
users is lower than that among other patient groups [37, 38].resistance in pneumococci. However, to our knowledge, the

effect of risky behaviors for HIV infection (IVDU, homosexu- b-Lactam agents may be used less frequently by patients with
a history of IVDU, thus making the emergence of resistant
strains less likely. In fact, only two of 15 patients with a history
of IVDU in our study had received prior antibiotic therapy.Table 8. Results of multivariate analysis of risk factors associated
These data establish the need for analyzing the effect of riskywith multidrug resistance in isolates from 95 patients with pneumo-

coccal infection. behaviors for HIV infection on the likelihood of infection due
to penicillin-resistant pneumococci.

Primary risk factor, secondary risk factor OR 95% CI This study included the analysis of invasive and noninvasive
forms of pneumococcal infection; strict criteria for excludingUse of b-lactam agents in previous 3 mo
contaminated specimens were used. Invasive disease was asso-Invasive disease 1.02 0.22–4.66

Noninvasive disease 7.92 1.84–34.06 ciated with a lower risk of infection by penicillin-resistant
Noninvasive disease pneumococci in our study. Other studies have also found a

No use of b-lactam agents in previous 3 mo 1.27 0.39–4.13 higher rate of penicillin-susceptible pneumococci among the
Use of b-lactam agents in previous 3 mo 9.87 1.49–65.04

causal agents of pneumococcal bacteremia [4, 21]. However,Noninvasive disease and use of b-lactam
to our knowledge, the lack of association between invasiveagents in previous 3 mo

Invasive disease and no use of b-lactam disease and penicillin resistance in pneumococci has not been
agents in previous 3 mo 10.07 2.56–39.57 noted previously. This finding should be interpreted with cau-

Age of younger than 5 years 16.79 1.60–176.34 tion. Although the rate of penicillin-resistant strains isolated
Age of 65 years or older 4.33 1.42–13.21

from patients with invasive disease was low, these resistant
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8. Burman LÅ, Trollfors B, Andersson B, et al. Diagnosis of pneumonia by

study. Nonetheless, we believe that this handicap did not limit cultures, bacterial and viral antigen detection tests, and serology with
the utility of our results, which are rapidly applicable to the special reference to antibodies against pneumococcal antigens. J Infect

Dis 1991;163:1087–93.clinical management of pneumococcal infection.
9. Fine MJ, Orloff JJ, Rihs JD, et al. Evaluation of housestaff physicians’We have shown that the rate of multidrug resistance is higher

preparation and interpretation of sputum gram’s stains for community-
among strains that are highly resistant to penicillin, thus com-

acquired pneumonia. J Gen Intern Med 1991;6:189–98.
plicating the selection of therapeutic agents. Therefore, two 10. Meduri GU, Chastre J. The standardization of bronchoscopic techniques

for ventilator-associated pneumonia. Chest 1992;102(5)(suppl):557S–potentially useful antibiotics for the treatment of pneumococcal
64S.infection—co-trimoxazole and erythromycin—are not suitable

11. Kirkpatrick MB, Bass JB Jr. Quantitative bacterial cultures of bronchoal-in our area because of widespread resistance (table 3). Resis-
veolar lavage fluids and protected brush catheter specimens from normal

tance to erythromycin has also been stressed in recent reports subjects. Am Rev Respir Dis 1989;139:546–8.
[22, 41]. 12. Isenberg HD, Washington JA II, Doern GV, Amsterdam D. Specimen

collection and handling. In: Balows A, Hausler WJ Jr, Herrmann KL,Multivariate analysis of the risk factors associated with mul-
Isenberg HD, Shadomy HJ, eds. Manual of clinical microbiology. 5thtidrug resistance identified factors similar to those associated
ed. Washington, DC: American Society for Microbiology, 1991:15–28.

with penicillin resistance: noninvasive disease and previous 13. Jorgensen JH, Howell AW, Maher LA. Quantitative antimicrobial suscepti-
use of b-lactam antibiotics. Moreover, age of younger than 5 bility testing of Haemophilus influenzae and Streptococcus pneumoniae

by using the E-test. J Clin Microbiol 1991;29:109–14.years or 65 years or older was associated with a higher rate of
14. Ngui-yen JH, Bryce EA, Porter C, Smith JA. Evaluation of the E-test byinfection due to multidrug-resistant pneumococci.

using selected gram-positive bacteria. J Clin Microbiol 1992;30:Close attention should be given to the treatment of patients
2150–2.

with pneumococcal infection who have one or several of the 15. Jacobs MR, Bajaksouzian S, Appelbaum PC, Bolmström A. Evaluation
following: noninvasive disease, prior use of b-lactam antibiot- of the E-test for susceptibility testing of pneumococci. Diagn Microbiol

Infect Dis 1992;15:473–8.ics, alcoholism, and age of younger than 5 years or 65 years
16. Doern GV, Jones RN. Antimicrobial susceptibility tests: fastidious andor older. Treatment will depend on antibiotic resistance profiles

unusual bacteria. In: Balows A, Hausler WJ Jr, Herrmann KL, Isenberg
in each geographic area. Available experience suggests that HD, Shadomy HJ, eds. Manual of clinical microbiology. 5th ed. Wash-
extrameningeal infections due to intermediately susceptible ington, DC: American Society for Microbiology, 1991:1126–32.

17. National Committee for Clinical Laboratory Standards. Performance stan-strains can be managed by increasing the dose of penicillin. In
dard for antimicrobial disk susceptibility tests: approved standard. 5thour area, meningeal infections caused by pneumococci highly
ed. NCCLS document M2-A5. Villanova, Pennsylvania: National Com-resistant to penicillin could be treated with cefotaxime [42].
mittee for Clinical Laboratory Standards, 1993.

Fortunately, the penicillin susceptibility in pneumococci in- 18. Klugman KP. Pneumococcal resistance to antibiotics. Clin Microbiol Rev
fecting intravenous drug users is adequate, thus facilitating 1990;3:171–96.

19. Hosmer DW Jr, Lemeshow S. Applied logistic regression. New York:therapy for these individuals.
John Wiley & Sons, 1989.
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