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Preventive Antibiotics for Infections in Acute Stroke
A Systematic Review and Meta-analysis
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Objective: To provide a systematic overview and metaanalysis of randomized clinical trials evaluating preventive antibiotics in patients with acute stroke.
Data Sources: The MEDLINE (1966-February 2009)
and Cochrane databases and reference lists of retrieved
articles.
Study Selection: Randomized controlled trials on pre-

ventive antibiotic treatment in stroke. For inclusion, at
least case fatality or infection rate had to be recorded.
Data Extraction: Each study was scored for methodological key issues and appraised by the Jadad scale. We
extracted the data using a predetermined protocol and
included all patients who were randomized or who started
therapy in an intent-to-treat analysis.
Data Synthesis: We identified 4 randomized clinical
trials including 426 patients; 94% had ischemic stroke.
Study interventions were fluoroquinolones in 2 and tetracycline or a combination of ␤-lactam antibiotic with
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␤-lactamase inhibitor in 1. Therapy was started within
24 hours of stroke onset. Duration of therapy varied between 3 and 5 days. The methodological quality ranged
from 2 to 5 on the Jadad scale, and studies were subject
to potential bias. The proportion of patients with infection was significantly smaller in the antibiotic group than
in the placebo/control group (32 of 136 [23.5%] vs 53
of 139 [38.1%] patients). The pooled odds ratio for infection was 0.44 (95% confidence interval, 0.23-0.86).
Ten of 210 patients (4.8%) in the antibiotic group died,
compared with 13 of 216 (6.0%) in the placebo/control
group. The pooled odds ratio for mortality was 0.63 (95%
confidence interval, 0.22-1.78). No major harm or toxicity was reported.
Conclusions: In adults with acute stroke, preventive antibiotics reduced the risk of infection, but did not reduce mortality. The observed effect warrants evaluation
of preventive antibiotics in large stroke trials.

Arch Neurol. 2009;66(9):1076-1081

NFECTION IS A COMMON COMPLI-

cation in the acute phase after
stroke and has been described in
up to 40% of patients.1 The most
common infection after acute
stroke is pneumonia, with reported rates
up to 30%. Pneumonia is an early infection; about half of the cases occur within
the first 48 hours after stroke onset and
almost all within the first week.1 The mortality and morbidity associated with pneumonia is high. In a community-based study
including 14 293 patients with stroke,2
pneumonia was associated with a relative
risk of 3.0 for mortality (95% confidence
interval [CI], 2.4-3.7) when adjusted for
admission severity and propensity for
pneumonia. In the United States, the annual cost of pneumonia as a complication after acute stroke has been estimated to be $459 million.3
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Over the last 3 years, several studies
have evaluated preventive use of antibiotics in patients with acute stroke, with
conflicting results.1 Current guidelines on
acute stroke management state that preventive administration of antibiotics is not
indicated because this treatment has not
been proven effective.4 Herein we provide a systematic overview of all randomized clinical trials evaluating preventive antibiotics in patients with acute stroke.
METHODS
We selected studies on preventive antibiotic
treatment in acute stroke. Eligible patients were
adults (predefined as aged 16 years or older)
with acute stroke, randomized for oral or intravenous antibiotics of any type or a placebo
or control group. Each study was scored for
methodological key issues, such as inclusion
and exclusion criteria, treatment interven-
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Table 1. Methodological Key Issues of Included Trials

Source

Jadad Score

Inclusion
Criteria

Exclusion Criteria

Intervention

Randomization Blinding Withdrawals

Chamorro et al6 Age ⬎18 y;
Infection ⬍3 mo; t ⬎ 37.7°C;
stroke; NIHSS
epilepsy; seizures; serum
score ⬎4
creatinine ⬎2.5 mg/dL;
antibiotic use;
immunosuppressant
therapy ⬍3 mo;
fluoroquinolones allergy

Levofloxacin 500
mg/d IV for 3 d,
started within
24 h of stroke
onset

2

2

1

Age ⬎18 y;
Hemorrhagic stroke;
stroke; NIHSS
infectious diseases
score ⬎5
requiring antibiotics; other
CNS diseases; preexisting
neurologic disability; renal
failure; swallowing
difficulties; tetracycline
allergy
Age ⬎19 y;
Clinical signs of infection;
nonlacunar
antibiotics ⬍24 h;
ischemic
immunosuppressant
stroke; NIHSS
therapy; contraindications,
score ⬎11 in
moxifloxacin, no others
MCA territory
specified

Minocycline 200
mg/d orally, 5 d,
started within
6-24 h of stroke
onset

1

0

1

Moxifloxacin 400
mg/d IV, 5 d,
started within
36 h of stroke of
onset

2

2

1

2

0

0

Lampl et al8

Harms et al9

Schwarz et al10

Age ⬎17 y;
ischemic
stroke; mRS
⬎ 3;
premorbid
mRS ⬍ 2

Hemorrhagic stroke; clinical
Mezlocillin 6 g/d
signs of infection;
plus sulbactam
immunosuppressant
1 g/d IV, 4 d,
therapy; renal insufficiency;
started within
life expectancy ⬍90 d;
24 h of stroke
allergy, penicillin or
onset
sulbactam

Primary
Outcome

Sample Size
Calculation

Infection rate
within 7 d
after stroke
onset

Yes: 480 patients
required,
assuming
infection rate
of 30% and
absolute risk
reduction of
15%
NIHSS score at No
day 90

Infection rate Yes: 64 patients
within 11 d
required,
after stroke
assuming
onset,
infection rate
according to
of 40% and
CDC criteria
absolute risk
reduction of
30%
Fever
No

Abbreviations: CDC, Centers for Disease Control and Prevention; CNS, central nervous system; IV, intravenously; NIHSS, National Institute of Health Stroke
Scale; MCA, middle cerebral artery; mRS, modified Rankin Score; t, temperature.

tion, outcome measurements, definition of infection, and sample
size calculations. Studies were also appraised by the Jadad scale,
a validated 5-point scale assessing randomization (0-2 points),
double-blinding (0-2 points), and withdrawals and dropouts
(0-1 point).5 For inclusion, studies had to be randomized and,
at least, the case fatality or infection rate had to be reported.
We extracted the data using a predetermined protocol and included all patients who were randomized or who started therapy
in an intent-to-treat analysis. Primary outcome measures were
short-term infection rate and mortality. Short-term infection
rate was defined as occurrence of infection within the first 2
weeks after onset of symptoms. Because definitions of infection varied between studies, we have used infection rates as defined by the investigators. The exact timing of infection could
not be ascertained (ie, there exists the chance that infection occurred before stroke was present but did not manifest until later).
We did not control for age or sex in our analysis because these
studies were comparative.
We extracted all medication-related adverse events. We used
Mantel-Haenszel fixed-effects models because Q tests for homogeneity were all P ⬎ .1. For individual studies and metaanalyses, odds ratios (ORs) and 95% CIs are given. We calculated the 95% CIs with the formula 10exp(log fixed effect OR
± 1.96⫻log[standard error]). Therefore, weighting was done
by inclusion of the standard error.
RESULTS

DESCRIPTION OF STUDIES
In a PubMed search from 1966 through 2009, we identified 5 randomized clinical trials (published from 2005

through 2008).6-10 One trial evaluated the efficacy of orally
applicable gel for selective decontamination of the digestive tract and was excluded,7 leaving 4 studies eligible.6,8-10
Methodological key issues are noted in Table 1. Inclusion criteria for stroke severity were based on the National Institute of Health Stroke Scale (NIHSS) in 3 studies, required scores ranging from greater than 4 to greater
than 11.6,8,9 One study used the modified Rankin Score for
stroke severity.10 For inclusion in this study, patients required a premorbid modified Rankin score of less than 2,
a stroke severity reflected by a modified Rankin score greater
than 3 on admission but subsequently were excluded if they
had a life expectancy of fewer than 90 days.10
The study intervention consisted of fluoroquinolones in 2 studies (levofloxacin, moxifloxacin) and tetracycline (minocycline) or a combination of ␤-lactam antibiotic with ␤-lactamase inhibitor in 1 study. The latter
2 antibiotic regimens are off-patent antibiotics. Therapy
had to be started within 24 hours of stroke onset in all
studies; 1 study required a minimum duration of symptoms of 6 hours.8 The duration of antibiotic therapy varied between 3 and 5 days.
The methodological quality of included studies on the
Jadad scale ranged from 2 to 5. All studies were randomized, although allocation concealment was insufficient
in 1 study.8 Two studies had a double-blind design; both
evaluated patented antibiotics (fluoroquinolones).6,9 Three
studies described all patients who were withdrawn after
the randomization process. Reasons for withdrawal after randomization included ineligibility according to trial
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Table 2. Definitions Used for Infection
Source
Chamorro et al6
Lampl et al8
Harms et al9 a

Schwarz et al10 b

Definition
Temperature ⬎37.5°C in 2 determinations; ⬎37.8°C in a single determination in patients with suggestive symptoms; white blood cell
count ⬎11 000/mL or ⬍4000/mL; pulmonary infiltrate on chest x-rays; or cultures positive for a pathogen
Not evaluated
Pneumonia, ⬎1 of: abnormal respiratory examination or pulmonary infiltrates in chest x-rays, or productive cough with purulent
sputum, microbiological cultures from lower respiratory tract or blood cultures, leukocytosis, elevation of CRP;
UTI, ⬎1 of the following: fever (temperature ⬎38 · 0°C), urine sample positive for nitrite, leukocyturia, significant bacteriuria
Pneumonia, new infiltrate on chest x-ray compatible with the diagnosis of infection plus at least 1 of the following: fever (temperature
⬎38.0°C), leukocytosis ⬎12 000/µL or leukopenia ⬍3000/µL, purulent tracheal secretions;
Tracheobronchitis, purulent tracheal secretions or sputum plus at least 1 of the following: fever (temperature ⬎38.0°C), leukocytosis
⬎12 000/µL or leukopenia ⬍3000/µL; UTI, ⬎25 leukocytes/µL in the urine if not explained by other findings;
Bacteremia, bacteria in blood cultures;
Sepsis, clinical evidence of an infection with at least 2 of the following: temperature ⬎38°C or ⬍35°C, tachycardia ⬎90/min,
tachypnea ⬎20/min, leukocytosis ⬎12 000/µL or leukopenia ⬍3000/µL;
Infection of unclear origin or other infections, clinical evidence of an infection of unknown origin or any other systemic infection

Abbreviations: CRP, C-reactive protein; UTI, urinary tract infection.
and Prevention criteria.

a Criteria modified from US Centers for Disease Control
b Criteria from Paul Ehrlich Society for chemotherapy.

criteria or inability to complete the treatment protocol.
Patients who met eligibility criteria but were excluded
after the randomization process were included in the current analysis. One study did not describe withdrawals.10
In this trial, patients with a life expectancy of fewer than
90 days were excluded, which resulted in an overall mortality rate of 0%.10 One study did not have a blinded outcome assessment.8 This was also the study that used quasirandomization.8
The primary outcome measures were the infection rate
in the 2 studies and the proportion of patients with fever during admission in 1 study. The definitions used for
infection differed substantially between studies. The criteria for infection are presented in Table 2. One study
adhered to the official criteria of the US Centers for Disease Control and Prevention, but used heavily modified
criteria.11 Infection rates were not evaluated in all studies. One study focused on the neuroprotective effects of
minocycline and did not evaluate infection rates.8 The
primary outcome in this trial was the difference between the NIHSS scores of individual patients at the baseline and on day 90. Overall, secondary outcomes were
scores on the modified Rankin,6,10 NIHSS,6,8 and Bartel
Index.6,9 These secondary outcomes were assessed 90 days
after randomization. Case fatality rates were reported in
all studies.
Sample size calculations were performed in 2 studies.6,9 One study was powered to detect significant effect
on the rate of infection based on the assumption of a reduction from 30% to 15% (OR, 0.41), requiring 480 patients.6 This study was terminated after inclusion of 130
patients because no effect was to be expected with inclusion of all 480 patients. At the moment of termination of enrollment, the proportion of patients with infection was 17% in placebo group and 18% in the
levofloxacin group.6
EFFICACY OF ANTIBIOTIC PROPHYLAXIS
Results of the studies are noted in Table 3. The study
populations mainly included patients with ischemic stroke

(410 of 436 included patients [94%]). One study also included patients with hemorrhage (deep hematoma, 17;
lobar hematoma, 9).6 The overall number of participants with infection was significantly smaller in the antibiotic group than in the placebo or control group (32
of 136 [23.5%] vs 53 of 139 [38.1%] patients) (Table 3).
The number needed to treat to prevent infection was 7.
The pooled OR for infection was 0.44 (95% CI, 0.230.86) (Figure). Infections were pneumonia (n=61), urinary tract infections (n=21), bronchitis (n=5), and others (n=5). The infections that were prevented by antibiotic
therapy were those that occurred most frequently, pneumonia and urinary tract infections.
Ten of 210 (4.8%) patients who were treated with antibiotics died, compared with 13 of 216 (6.0%) receiving placebo or no treatment (Table 3). The number needed
to treat to prevent death was 83. The pooled OR for mortality was 0.63 (95% CI, 0.22-1.78) (Figure). Case fatality rates varied between studies from 0% to 7%. Two studies had positive results on their primary outcome: 1 on
improvement of baseline NIHSS score (mean [SD],
1.6[1.9] vs 6.5[3.8]; P ⬍ .001) and 1 on occurrence of
fever (P ⬍ .05).8,10 In 1 study, the result of primary analysis was positive for the per protocol analysis only (occurrence of infections, 6 of 35 [17%] vs 13 of 31 [42%]
patients; P =.03).9 In 1 study, the proportion of patients
with favorable neurological outcome was statistically significantly reduced and no effect was observed on mortality.8 The rate of infection was not evaluated in this study.
SAFETY OF ANTIBIOTIC PROPHYLAXIS
Adverse events were described in 3 articles. Antibiotic
treatment was not associated with any side effects in 2
studies. The study evaluating mezlocillin plus sulbactam described exanthema and elevated liver enzymes each
in 1 patient.10 Antibiotic susceptibility testing of Escherichia coli isolates was performed in 1 study.9 No difference was found in antibiotic resistance patterns between bacterial isolates from patients in the moxifloxacin
and placebo groups.
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Table 3. Results of Studies

Source

Patients and
Controls, No.

Inclusion NIHSS
Treatment
vs Control

Treatment
vs Control
Mortality Rate,
No./Total (%)

Treatment
vs Control
P
Infection Rate,
a
Value
No./Total (%)

Death
OR
(95% CI)

Chamorro et al6 67 levofloxacin,
69 placebo

4/67 (6)
vs 1/69 (1)

4.32 (0.44-104.00)

.2

11/67 (16) vs
13/69 (19)

Lampl et al8

5/74 (7)
vs 9/77 (12)

0.55 (0.15-1.91)

.4

Not stated

1/39 (3)
vs 3/40 (8)

0.32 (0.01-4.31)

.6

6/39 (15) vs
13/40 (33)

NA

15/30 (50) vs
27/30 (90)

Harms et al9

Schwarz et al10

Median, 14 (range,
7-19) vs 11
(range, 7-18)
74 minocycline, Mean (SD),
77 controls
7.6 (3.8) vs
7.5 (3.2)
39 moxifloxacin, Median, 17 (range,
40 placebo
12-21) vs 15
(range, 12-25)
30 mezlocillin
Median, 17 (range,
plus
8-28) vs 15
sulbactam,
(range, 5-27)
30 controls

0/30 vs 0/30

NA

Infection
OR
(95% CI)

P
Value a

0.85 (0.32-2.23)

Adverse
Events

.7

Not stated

NA

None

0.38 (0.11-1.26)

.1

None

0.11 (0.02-0.51)

.002

Exanthema (n=1);
elevated liver
enzymes (n=1)

NA

Abbreviations: CI, confidence interval; NA, not applicable; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio.
a Two-sided.

COMMENT
A

This meta-analysis of 4 trials including 426 patients shows
that prophylactic antibiotic treatment reduced the occurrence of infections in adults with acute stroke from 38% to
24% (OR, 0.44; 95% CI, 0.23-0.86). The use of preventive
antibiotics was not associated with a significant reduction
in mortality. We have found no major harm or toxicity, although 2 patients treated with mezlocillin plus sulbactam
developed exanthema or elevated liver enzymes.10
Pneumonia was the most common infection, complicating 1 of 3 cases of acute stroke. The susceptibility of acute stroke patients to aspiration pneumonia
has been well recognized,1,12 and its etiology is likely
multifactorial. Dysphagia occurs in many patients with
acute stroke and is a strong predictor of pneumonia.1,2,12 Aspiration is expected if patients with a large
hemispheric lesion or lower brainstem lesion do not
receive swallowing precautions but may occur at the
ictus. Acute stroke, ischemic stroke in particular, may
also lead to stroke-induced immunodepression, 13 a
functional decrease in cellular immune response that
is related to susceptibility to infection.14 Finally, sympathetic activation is increased in patients with acute
stroke, resulting in gastrointestinal dysmotility,14,15
which also poses a risk for aspiration pneumonia.12
Pneumonia is a well-recognized predictor of poor outcome and mortality in patients after acute stroke.1,2,12
Therefore, there is strong rationale to investigate the
efficacy of preventive antibiotics in patients with acute
stroke. Future cohort studies may elucidate the influence of the location of stroke and the effects of treatment on infection (ie, an effect of tissue plasminogen
activator on infection rates).
Antibiotics can be used after acute stroke to prevent
infection but may also offer neuroprotection. To prevent infections, the antimicrobial spectrum should
cover the most common causative bacteria of pneumonia and urinary tract infections. Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus
and Enterobacteriaceae predominate in patients with
aspiration pneumonia and occur within 4 days after

Chamorro et al6
Lampl et al8
Harms et al9
Schwarz et al10
Meta-analysis

0.01

0.10

1.00

10.00

B
Chamorro et al6
Lampl et al8
Harms et al9
Schwarz et al10
Meta-analysis

0.01

0.10

1.00

10.00

100.00

Figure. Meta-analysis of effect of preventive antibiotics on infection (A) and
mortality (B) rates in patients with acute stroke. Values less than 1.0 indicate
decreased infection or mortality rate; greater than 1.0, increased risk for
infection or mortality.

admission (community-acquired aspiration
syndrome).12 The most common causative bacteria of
urinary tract infections are Escherichia coli and Staphylococcus saprophyticus.16 Three of the 4 study interventions adequately covered these most common bacteria. 6 , 9 , 1 0 However, minocycline has inadequate
microbiological coverage in patients with acute stroke.
The main rationale for treating patients with acute
stroke with minocycline is the neuroprotective action
of this drug. The study that evaluated preventive
minocycline did not even evaluate the rate of infection. 8 Minocycline has several anti-inflammatory
effects, reducing microglial activation, inhibits apoptotic cell death, and has a favorable effect on outcome
in experimental stroke studies.17 Another high potential neuroprotective antibiotic is ceftriaxone, a
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␤-lactam antibiotic. 18,19 In a rat model of ischemic
stroke, ceftriaxone reduced mortality and neurological
deficits.20 Neuronal survival was improved within the
penumbra, and ceftriaxone led to upregulation of neurotrophins in the peri-infarct zone.20 Ceftriaxone is an
off-patent antibiotic with, in contrast to minocycline, a
broad action against causative bacteria of infection
after acute stroke. The combination of effective antibiotic and neuroprotective properties makes ceftriaxone
an interesting drug for future clinical trials.
The methodological quality of included studies
ranged from 2 to 5 for the 5-point Jadad score. Several
biases may have diminished the reliability of our
results. The first confounding factor is selection bias.
The included studies had exceptionally low mortality
rates, ranging from 0% to 7%. Mortality rates of acute
stroke in previously reported studies ranged from 15%
to 25%.21 Inclusion of patients with a less severe illness in the meta-analysis, as reflected in very low case
fatality rates, might overestimate the effect of antibiotics; for patients with very high mortality risk, antibiotics are probably less protective. A second bias is
introduced when participants are withdrawn after randomization. One study did not describe withdrawal of
patients but excluded patients with a life expectancy
of fewer than 90 days. Withdrawals on the grounds of
ineligibility may have been influenced by knowledge
of outcome; if so, this would advantage the antibiotic
regimen. Excluding participants because of an inability to complete the course of antibiotics owing to
minor side effects (ie, exanthema) also clearly introduces bias in favor of the study medication. One study
had positive results in the per protocol analysis only.9
A third bias is introduced by competitive risks;
patients who die are not able to develop an infection.
Fourth, this concise review likely has publication bias.
To exclude the possibility of missing small randomized
clinical trials that have been described in less wellknown journals, more elaborate searches with other search
engines (Excerpta Medica Database) and hand searches
of congress proceedings are needed. Finally, to fully appreciate the effect of antibiotic prophylaxis on outcome
after stroke, a measure of functional outcome or dependency is needed. More elaborate analyses are of these trial
results, combining all information into a measure of dependency after a reasonably long time span (ie, 3 months)
would be desirable. Fifth, the included studies were
heterogeneous with respect to study protocol. Several
study interventions were used, and definitions of infection were heterogeneous. Studies were comparative; therefore, different definitions used for infection are not such
a problem. Nevertheless, future studies should use standardized definitions as described by the Centers for Disease Control and Prevention.11
No difference was found in antibiotic resistance patterns between the treatment and placebo groups.9 Nevertheless, increasing use of antibiotics will lead to increasing resistance rates.22 The potential benefit for
individual patients and the growing burden of antimicrobial resistance should be carefully weighed.
The observed effect in this meta-analysis warrants
evaluation of preventive antibiotics in new stroke trials.

These trials should use functional clinical outcomes and
standardized definitions of infection. Outcome measures should not only include mortality but also intensive care unit costs and hospital stay. One of the most
promising candidates for an intervention is ceftriaxone,
an off-patent antibiotic with broad antibacterial action
and the potential for neuroprotection. To establish with
certainty whether antibiotic prophylaxis has a place in
the treatment of patients with acute stroke, a large randomized control trial, probably enrolling many thousands of patients, would need to be undertaken, aiming
to detect even a small effect.
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Announcement
Research Letters. The Research Letter is intended to provide a means to communicate short original research in a
highly focused manner. Important, fast-breaking research that lends itself to a short communication and that
can be reviewed rapidly is our objective. Papers should
not exceed 600 words of text and should have fewer than
6 references. A single table or figure may be included. In
general, Research Letters should be divided into the following sections: an introduction (with no heading), Methods, Results, and Comment. Research Letters should be
double spaced and a word count should be provided with
each letter.
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