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Abstract

Purpose Fluoroquinolones are recommended for the

treatment of pneumonia. The recognition of risk factors for

invasive levofloxacin-resistant Streptococcus pneumoniae

is important for the design of treatment.

Methods A retrospective review of cases of invasive

pneumococcal infections in adults was undertaken. Epi-

demiologic data, predisposing factors, clinical variables,

and outcome were recorded from previously established

protocols. Antimicrobial susceptibility was determined by

disk diffusion and the Etest method. Serotyping was per-

formed by latex agglutination and Quellung reaction.

Results Twenty patients with infection caused by levo-

floxacin-resistant pneumococci [minimum inhibitory con-

centration (MIC) C2 lg/ml] were compared with 102

patients harboring levofloxacin-susceptible strains; 80 % of

levofloxacin-resistant pneumococci were resistant to C3

antibiotics but susceptible to penicillin. Most levofloxacin-

resistant strains (80 %) belonged to serotype 8. In com-

parison, only 8 % of levofloxacin-susceptible pneumococci

belonged to serotype 8. In the multivariate analysis, resi-

dence in public shelters [odds ratio (OR) 26.13; p 0.002],

previous hospitalization (OR 61.77; p \ 0.001), human

immunodeficiency virus (HIV) infection (OR 28.14;

p = 0.009), and heavy smoking (OR 14.41; p = 0.016)

were associated with an increased risk of infection by

levofloxacin-resistant pneumococci. Mortality caused by

levofloxacin-resistant and levofloxacin-susceptible pneu-

mococci was 35 and 14 %, respectively. Among HIV-

positive individuals infected with levofloxacin-resistant

pneumococci 44 % died, but only 12.5 % of HIV-positive

patients with levofloxacin-susceptible strains died.

Conclusions We observed the emergence of serotype 8 as

the main cause of invasive disease caused by levofloxacin-

resistant S. pneumoniae. HIV-positive patients seem to be

prone to infection caused by multidrug-resistant serotype 8

and have a high mortality rate.
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Introduction

Fluoroquinolones, particularly the newer fluoroquinolones

such as levofloxacin and moxifloxacin with increased

activity against Gram-positive bacteria, are now recom-

mended for the treatment of respiratory tract infections and

pneumonia due to Streptococcus pneumoniae, mainly when

the isolate has reduced susceptibility to beta-lactam anti-

biotics [1]. Consequently, fluoroquinolone prescriptions

have increased in some countries among adults with

chronic heart and lung disease, who are prone to develop

respiratory tract infections [2, 3].

A direct correlation between the use of fluoroquinolones

and the prevalence of resistance in S. pneumoniae has been

described [2–4]; however, despite the increased use of
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fluoroquinolones, the resistance of S. pneumoniae to the

newer members of the family is uncommonly found.

Reports from Europe, the US, and Canada showed levels

of resistance to levofloxacin and moxifloxacin below 2 %

[2–4]. Three major events may have contributed to this low

level of resistance: the replacement of the old fluoroquin-

olone ciprofloxacin by the more active levofloxacin and

moxifloxacin, the introduction of the pneumococcal con-

jugate vaccine, and, probably, the fact that fluoroquino-

lones are rarely used in children [5].

Levofloxacin-resistant S. pneumoniae is basically rela-

ted to the wide spread of pneumococcal clones, increasing

the potential for the rapid dissemination of quinolone

resistance in this species [6]. The objective of this study

was to assess the risk factors associated to levofloxacin

resistance in S. pneumoniae strains causing invasive dis-

ease. Such knowledge may assist the clinician who must

design empiric treatment in patients with pneumonia and

other invasive pneumococcal infections.

Patients and methods

A retrospective review of cases of invasive pneumococcal

infections in adult patients seen from January 2007 to April

2011 in a university-affiliated hospital in downtown

Madrid, serving a population of 350,000 inhabitants, was

carried out. The clinical charts and microbiological records

of all patients with invasive pneumococcal infection

(bacteremic pneumonia, meningitis, and pericarditis) were

assessed. Epidemiologic data, predisposing factors, clinical

variables, and outcomes were recorded from previously

established protocols.

Isolates from blood, cerebrospinal, and pericardial fluid

were identified by Gram staining, colony morphology, bile

solubility, susceptibility to optochin, and agglutination

with specific sera (Directigen S. pneumoniae, Becton-

Dickinson). The antimicrobial susceptibility to levofloxa-

cin was determined by disk diffusion using a disk con-

taining 5 lg of levofloxacin and the Etest method (AB

bioMérieux, Solna, Sweden). In addition, the minimum

inhibitory concentrations (MICs) of penicillin, cefotaxime,

erythromycin, tetracycline, trimethoprim–sulfamethoxa-

zole, vancomycin, rifampin, and chloramphenicol were

also determined.

Serotyping was performed by latex agglutination

(Pneumotest-Latex kit, Staten Serum Institut, Copenhagen,

Denmark) and Quellung reaction with factor antisera

(Staten Serum Institute, Copenhagen, Denmark).

The European Committee on Antimicrobial Susceptibility

Testing (EUCAST) breakpoints [7] were considered in order

to categorize levofloxacin-susceptible (MIC B2 lg/ml) and

levofloxacin-resistant strains (MIC C2 lg/ml).

We considered that infection was the main cause of

death when the patient died within 14 days of admission

due to sepsis and septic shock, respiratory distress, or brain

damage in patients with meningitis.

Statistics

SPSS 16.0 was used for the statistical analysis of the data.

Continuous variables were expressed as mean ± standard

difference. Discrete variables were expressed as percent-

ages. Associations between qualitative variables were tes-

ted using Chi-squared tests or Fisher’s exact test when the

sample size was small. The strength of association was

measured by odds ratios (ORs) or Haldane’s estimator for

small sample 2 9 2 tables and their 95 % confidence

interval (CI). Differences between groups were considered

to be significant at p \ 0.05. Multivariate analysis was

performed using a logistic regression model. The selection

of variables for this multivariate analysis was performed by

a forward-conditional method, with significance levels

of B0.05 for inclusion and C0.1 for exclusion. Cox–Snell

R2 was used to assess the overall model fit.

Results

One hundred and twenty-two cases of invasive pneumo-

coccal infections were analyzed. Pneumococci were iso-

lated from blood cultures (115), CSF (6), and pericardial

fluid (1). Twenty isolates (17.3 %) from 20 patients were

levofloxacin-resistant S. pneumoniae. A trend towards an

increasing number of levofloxacin-resistant pneumococci

isolated over the years was observed, with only two cases

in 2007 and nine cases in 2011. Twenty patients with

levofloxacin-resistant S. pneumoniae were compared with

102 patients infected with levofloxacin-susceptible S.

pneumoniae.

No differences were found regarding age or gender

distribution. The MIC90 of levofloxacin for the isolates of

levofloxacin-resistant S. pneumoniae was [32 lg/ml and

16 isolates (80 %) were resistant to three or more different

antibiotics (tetracyclines 16, chloramphenicol 16, and

TMP-SMX 16). In addition, 18 (90 %) isolates were

resistant to erythromycin. However, these isolates were

extremely susceptible to penicillin, with an MIC90 of

0.032 lg/ml. On the other hand, only 6 % of levofloxacin-

susceptible pneumococci were multi-resistant strains.

Most levofloxacin-resistant pneumococci (16/80 %)

belonged to serotype 8. Among human immunodeficiency

virus (HIV)-positive patients with levofloxacin-resistant S.

pneumoniae, 75 % of isolates belonged to serotype 8. In

comparison, only 8 (8 %) of the levofloxacin-susceptible

isolates belonged this serotype (p \ 0.0001). The most
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prevalent serotypes found among levofloxacin-susceptible

strains were 3 (14 %), 19A (11 %), and 1 (8 %).

Table 1 shows the risk factors for invasive infection

caused by levofloxacin-resistant pneumococci. Current res-

idence in public shelters, previous hospitalization, fluoro-

quinolone treatment, immunosuppression, HIV infection,

chronic viral hepatitis, drug abuse, heavy alcohol intake

([60 g alcohol/day), smoking (C1 packet/day), and chronic

obstructive lung disease were risk factors for levofloxacin-

resistant S. pneumoniae infection. Two HIV-positive

patients with bacteremic pneumonia caused by levofloxacin-

resistant S. pneumoniae had been previously treated with

levofloxacin for multidrug-resistant tuberculosis.

Differences were not found among HIV-positive patients

with or without infection caused by levofloxacin-resistant

strains regarding the frequency of anti-retroviral therapy or

mean viral load. However, the median CD4? T lymphocyte

cell count of HIV-positive patients with infections due to

levofloxacin-resistant pneumococci was less than that of

HIV-positive individuals with levofloxacin-susceptible

pneumococci (mean 50 ± 32 vs. 195 ± 94 ll/mcl; p 0.04).

In the multivariate analysis, residence in public shelters

(OR 26.13; p 0.002), previous hospitalization (OR 61.77;

p \ 0.001), HIV infection (OR 28.14; p 0.009), and heavy

smoking (OR 14.41; p 0.016) were associated with an

increased risk of infection by levofloxacin-resistant pneu-

mococci (Table 2).

Mortality associated with infection caused by levoflox-

acin-resistant and levofloxacin-susceptible S. pneumoniae

was 35 and 14 %, respectively (7 out of 20 vs. 14 out of

102; p 0.092). Among nine HIV-positive individuals with

infection due to levofloxacin-resistant pneumococci, 4

(44 %) died. In comparison, only 1 of 8 (12.5 %) HIV-

positive patients with infection caused by levofloxacin-

susceptible strains died of causes directly associated with

pneumococcal infection, such as septic shock, respiratory

failure, or meningitis.

Generally speaking, patients were empirically treated

with combinations of antibiotics including beta-lactam and

Table 1 Risk factors for

infection caused by

levofloxacin-resistant

Streptococcus pneumoniae

Univariate analysis

Variable Streptococcus pneumoniae Odds ratio

(95 % CI)

p-Value

Levofloxacin-R (20):

patients at risk/percent

Levofloxacin-S (102):

patients at risk/percent

Mean age (years) 50 55 ns

Gender

Male 14/70 57/56 ns

Female 6/30 45/44 ns

Living in shelters 10/50 2/2 39.50 (9.88–195.35) \0.0001

Hospitalization

(\6 months)

9/45 15/15 6.79 (1.69–26.87) 0.005

FQ therapy

(\6 months)

8/40 7/7 5.46 (1.89–14.23) 0.001

HIV infection 9/45 15/15 4.10 (1.18–13.86) 0.02

Immunosuppression 8/40 24/23 3.33 (1.05–11.12) 0.04

Chronic viral hepatitis 13/65 21/20 7.50 (2.26–29.73) 0.001

Heavy alcohol intake 11/55 19/19 27.60 (6.67–189.90) \0.0001

Drug abuse 9/45 5/5 28.44 (7.34–130.14) \0.0001

Heavy smoking 18/90 40/39 19.12 (3.56–355.40) 0.005

Chronic lung disease 7/35 25/24 3.76 (1.18–12.60) 0.025

Chronic heart disease 5/25 28/27 0.47 (0.07–1.90) 0.3

Neoplastic disease 2/10 23/23 0.001 (0.01–111.36) 0.035

Serotype 8 16/80 8/8 351.0

(49.08–7,637.6)

\0.0001

Infection-associated

mortality

7/35 14/14 2.65 (0.64–9.59) 0.09

Table 2 Risk factors independently associated with infection caused

by levofloxacin-resistant Streptococcus pneumoniae

Variable OR p-Value

Neoplastic disease 0.001 0.034

Concurrent living in public shelters 26.13 0.002

Previous hospitalization 61.77 \0.001

HIV infection 28.14 0.009

Heavy smoking 14.41 0.016

Multivariate analysis
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fluoroquinolones. However, two patients were empirically

treated with levofloxacin monotherapy. Although they did

not develop severe complications and new sets of blood

cultures were negative, spiking fever continued under

levofloxacin therapy and did not subside until therapy was

changed to a third-generation cephalosporin.

Discussion

Although most pneumococci remain susceptible to levo-

floxacin and other third-generation fluoroquinolones, the

prevalence of first-step fluoroquinolone-resistant S. pneu-

moniae seems to be increasing [8, 9]. Many strains of

primed pneumococci only exhibit subtle changes in the

MICs and pass unnoticed in routine susceptibility testing

because of high resistance breakpoints [9, 10]. These

strains contain a single gyrA or ParC mutation, which

prime the bacteria to acquire additional mutations within

the quinolone resistance determining region (QRDR) con-

ferring high-grade fluoroquinolone resistance [11]. Hence,

the potential for further increase in fluoroquinolone resis-

tance among S. pneumoniae is significant.

In Spain, high-level resistance to fluoroquinolones has

remained stable in the last several years at rates of

1.3–2.2 % for levofloxacin, slightly higher than that

reported in other European countries [4, 12]. Most isolates

of S. pneumoniae with high-level resistance to levofloxacin

contain changes in gyrase (gyrA) and ParC or ParE genes

and belong to clones Spain9v-ST 156 and Sweden15A-ST63

[4, 12].

In this study, we, as others before, have observed the

emergence of serotype 8 as the main cause of levofloxacin-

resistant invasive S. pneumoniae in our country [13, 14].

These isolates are fully susceptible to penicillins but

resistant to erythromycin and clindamycin [13].

The high prevalence of serotype 8 resistant to levo-

floxacin and erythromycin reduces the number of antimi-

crobial agents that can be used for the empirical treatment

of pneumococcal infections. The recognition of risk factors

that identify patients with a greater likelihood for infection

with multidrug-resistant pneumococci may allow clinicians

to choose the most appropriate empirical therapy.

Infection with fluoroquinolone-resistant S. pneumoniae

has been previously associated with advanced age, noso-

comial acquisition, administration of fluoroquinolones,

chronic lung disease, and residence in a nursing home [15,

16]. In this study, we found that the most important risk

factors for infection with levofloxacin-resistant pneumo-

cocci were current residence in public shelters, preceding

hospitalization, previous treatment with fluoroquinolones,

HIV infection and immunosuppression, chronic C virus

hepatitis, drug abuse, heavy alcohol intake, smoking, and

chronic obstructive lung disease. However, only living in

public shelters, previous hospitalization, HIV infection,

and heavy smoking were independently associated with an

increased risk of infection by levofloxacin-resistant pneu-

mococci. The strong association with residence in public

shelters may suggest that, in fact, we are dealing with a

cluster of levofloxacin-resistant pneumococcal infections.

Although no systematical molecular typing was carried out,

two serotype 8 strains of the present study, which have

been previously typed by pulsed-field gel electrophoresis

(PFGE) for an earlier report [14], showed an identical pulse

type. This fact indicates an epidemiological link between

the strains.

HIV infection has also been previously associated with

an increased risk of infection by multidrug-resistant

pneumococci [14]. These patients have frequent contacts

with the health-care system and when a history of drug

abuse is present, they commonly have chronic viral hepa-

titis and live or stay overnight in public shelters. In addi-

tion, some of then are heavy drinkers and smokers. All

these risk factors were found in the present study.

The emergence of levofloxacin-resistant S. pneumoniae

strains has been noted in South Africa among children

where fluoroquinolones are used to treat multidrug-resis-

tant tuberculosis [17]. A survey of 21,521 invasive pneu-

mococcal isolates from 2000 to 2006 by von Gottberg et al.

[17] identified 12 cases of high-level levofloxacin resis-

tance. All were HIV-infected children, nine were on ther-

apy for tuberculosis, and ten isolates belonged to serotype

19F, suggesting clonal spread. It is interesting to note that

two of our HIV-infected patients with invasive infection

caused by levofloxacin-resistant pneumococci had been

treated with levofloxacin for multidrug-resistant tubercu-

losis. These findings suggest that the use of fluoroquino-

lones to treat multidrug-resistant tuberculosis is a risk

factor for the endemic and clonal spread of fluor-

oquinolone-resistant S. pneumoniae [9].

The development of in vivo resistance to fluoroquino-

lones during the treatment of pneumococcal pneumonia has

been observed in a few cases [18, 19]. In some of these

patients, levofloxacin therapy failed and they died of septic

shock and other infective complications. However, the

impact of levofloxacin resistance on outcome in adult

patients with invasive pneumococcal infection remains

controversial. In a recent study, levofloxacin resistance was

associated with increased mortality, along with septic

shock, prior use of corticosteroids, and development of

acute respiratory distress syndrome (ARDS) [20]. In our

study, associated mortality due to levofloxacin-resistant S.

pneumoniae was higher than that related to infection with

levofloxacin-susceptible strains, but the data did not reach

significance. Interestingly, in HIV-positive patients with

infection due to levofloxacin-resistant pneumococci, the
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associated mortality was also higher than that observed in

their partners infected with levofloxacin-susceptible

strains.

In summary, we observed the emergence of serotype 8

as the main cause of invasive disease caused by levoflox-

acin-resistant S. pneumoniae. Current residence in public

shelters, previous hospitalization, HIV infection, and heavy

smoking were risk factors independently associated with an

increased risk of infection by levofloxacin-resistant pneu-

mococci. HIV-positive patients seem to be prone to

infection caused by multidrug-resistant serotype 8. In this

specific group of patients, mortality was high.
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