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BACKGROUND: Limited data exist on the effectiveness of ceftriaxone plus doxycy-

cline in the treatment of patients hospitalized with community-acquired pneumo-

nia (CAP).

METHODS: We performed a retrospective cohort study of all adults hospitalized for

pneumonia between January 1999 and July 2001 at an academic medical center.

Outcomes were compared for patients with CAP treated with ceftriaxone plus

doxycycline versus other appropriate initial empiric antibiotic therapies. Outcomes

were adjusted with the use of a propensity score to account for differences in

patient characteristics and illness severity between groups.

RESULTS: A total of 216 patients were treated with ceftriaxone plus doxycycline

and 125 received other appropriate initial empiric antibiotic therapies. After ad-

justment, use of ceftriaxone plus doxycycline was associated with reduced inpa-

tient mortality (OR � 0.26, 95% CI: 0.08 – 0.81) and 30-day mortality (OR � 0.37,

95% CI: 0.17– 0.81), but not with length of stay or readmission rates. Analysis of a

subset of the sample that excluded patients admitted from nursing homes, patients

admitted to the ICU, and patients diagnosed with aspiration also showed reduced

inpatient mortality with the use of ceftriaxone plus doxycycline.

CONCLUSIONS: The use of ceftriaxone plus doxycycline as an initial empiric therapy

for patients hospitalized with CAP appears safe and effective, and its potential

superiority should be evaluated prospectively. Journal of Hospital Medicine 2006;

1:7–12. © 2006 Society of Hospital Medicine.
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In the United States, community-acquired pneumonia (CAP)
leads to nearly 1 million hospitalizations annually, with aggre-

gate costs of hospitalization approaching $9 billion.1,2 In an effort
to improve the appropriate, cost-effective care for patients with
CAP, several professional societies have developed clinical prac-
tice guidelines and pathways for pneumonia.3–7 Although the
guidelines address all aspects of care, they devote substantial
attention to antibiotic recommendations. Most U.S. guidelines
recommend treatment of hospitalized patients with an intrave-
nous beta-lactam combined with a macrolide, or a fluoroquino-
lone with activity against Streptococcus pneumoniae. Of the major
U.S. CAP practice guidelines, only one6 recommends doxycycline
as an alternative to a macrolide for inpatients.

Doxycycline is an attractive alternative to macrolides. Similar
to macrolides, doxycycline is active against a wide variety of or-
ganisms including atypical bacteria (Chlamydia pneumoniae, Le-
gionella pneumophilus, and Mycoplasma pneumoniae) and is well
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tolerated.8 –10 In addition, it is inexpensive (cost of
$1.00/day [awp] for 100 mg p.o. bid), and rates of
tetracycline/doxycycline resistance among S. pneu-
moniae isolates have remained low, in contrast to
the increasing rates of resistance to macrolides and
fluoroquinolones.11,12 The most recent guidelines
from the Infectious Diseases Society of America
cited limited published clinical data on the effec-
tiveness of doxycycline in CAP as a barrier to in-
creased use.7 Only one study of hospitalized pa-
tients has been published in the era of penicillin-
resistant pneumococcus, and this study included
only 43 low-risk patients treated with doxycycline.13

At the university hospital affiliated with the Univer-
sity of California, San Francisco, ceftriaxone plus
doxycycline is generally recommended as initial
empiric antibiotic therapy for patients hospitalized
with CAP, but significant variability in prescribing
exists, allowing for comparisons between patients
treated with different initial empiric antibiotic reg-
imens. We compared outcomes of hospitalized pa-
tients with CAP treated with ceftriaxone plus doxy-
cycline to those of patients treated with alternative
initial empiric therapy at an academic medical cen-
ter.

METHODS
Study Population
A retrospective cohort study of all adults (age � 18
years) discharged from the inpatient general med-
icine service of Moffitt-Long Hospital at the Univer-
sity of California, San Francisco, was conducted
from January 1999 through July 2001. Eligibility cri-
teria included a principal discharge diagnosis of
CAP and a chest radiograph demonstrating an in-
filtrate within 48 hours of admission. Exclusion cri-
teria included infection with the human immuno-
deficiency virus, history of organ transplantation or
use of immunosuppressive therapy (including
prednisone � 15 mg/day), cystic fibrosis, postob-
structive pneumonia, active tuberculosis, recent
hospitalization (within 10 days), or admission for
comfort care. The study protocol and procedures
were reviewed and approved by the UCSF Commit-
tee for Human Research.

Data Collection
Medical record review by trained research assis-
tants blinded to the research question was used to
gather demographic data, comorbid illnesses, phys-
ical examination findings on initial presentation,
and laboratory or radiographic results on initial

presentation. The pneumonia severity index (PSI)
score was calculated for each patient using the
above data.14 In addition, data were collected on
antibiotic allergies, antibiotics used within the 30
days prior to admission, results of sputum or blood
cultures, and admission location (intensive care
unit [ICU] versus medical floor).

Data from TSI (Transition Systems Inc., Boston,
MA), the hospital administrative database, were
used to identify the initial empiric antibiotic regi-
men. All antibiotics prescribed within the first 48
hours of hospitalization were considered initial em-
piric therapy with few exceptions. Initial empiric
therapy was classified as 1) ceftriaxone plus doxy-
cycline (including patients treated with these
agents alone in the first 48 hours, as well as patients
treated with both agents in the first 24 hours who
were switched to alternative therapy [broader cov-
erage] on the second day), or 2) other appropriate
therapy (treatment consistent with current national
guideline recommendations including at least a beta-
lactam plus a macrolide or a beta-lactam plus a flu-
oroquinolone, or fluoroquinolone monotherapy). Pa-
tients receiving therapy inconsistent with current
national guideline recommendations were excluded.

Outcomes
TSI data were used to identify length of stay, death
during the index hospitalization, and return to the
emergency department or readmission within 30
days of discharge. The National Death Index was
used to identify all deaths that occurred after hos-
pital discharge. The 30-day mortality data included
deaths occurring during the index hospitalization
and in the 30 days after the index hospitalization
discharge.

Statistical Analysis
For the purposes of this analysis we compared pa-
tients treated with ceftriaxone plus doxycycline to
patients treated with other appropriate therapy. To
examine demographic and clinical differences be-
tween the two groups, statistical tests of compari-
son were performed using chi-square tests for the
dichotomous variables and t tests for the numeric
variables, all of which were normally distributed
(after log transformation in the case of length of
stay).

To adjust for clinical variables that might con-
tribute to differences in outcomes between the two
groups, we used backward stepwise logistic regres-
sion analysis to construct a propensity score15 for
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the likelihood of ceftriaxone plus doxycycline use.
The propensity score reflected the conditional
probability of exposure to ceftriaxone plus doxycy-
cline and allowed for stratification and, subse-
quently, comparisons by quintiles of propensity
score. Propensity scores often have distinct advan-
tages over direct adjustment for a large number of
confounding variables and allow direct compari-
sons between groups with a similar propensity for
receiving ceftriaxone plus doxycycline.15 Unlike
random assignment of treatment, however, the
propensity score cannot balance unmeasured vari-
ables that may affect treatment assignment. Thus,
the possibility of bias remains. The variables used
to build the score included age, presence of comor-
bid illness, admission from a nursing home or long-
term care facility, antibiotic allergy, prior antibiotic
use, PSI score, PSI risk class, diagnosis of aspiration,
admission to the ICU, and positive blood cultures.
The propensity score was then stratified and used
as an adjustment variable in comparisons between
groups for in-hospital mortality, 30-day mortality,
and 30-day readmission rates. As expected, length
of stay was highly skewed and was therefore log-
transformed and compared between groups with
adjustment for the propensity score.

To further address issues related to potential
selection bias, a separate analysis was performed
on a subset of the original cohort that excluded
patients for whom ceftriaxone plus doxycycline
would not generally be recommended as first-line
therapy. For this analysis, patients admitted from a
nursing home or long-term care facility, patients
admitted to the ICU, and patients with a principal
diagnosis of aspiration pneumonia were excluded.
A propensity score was rederived for this subset,
which was used to adjust for differences in out-
comes. All statistical procedures were performed
using STATA (Ver. 7.0, Stata Corporation, College
Station TX).

RESULTS
Patient Characteristics
A total of 341 patients were eligible for analysis. Of
this group, 216 were treated with ceftriaxone plus
doxycycline and 125 received other appropriate
therapy. Both groups of patients were similar in
age. Patients treated with ceftriaxone plus doxycy-
cline had a lower median PSI score and fewer co-
morbid illnesses than did patients treated with
other appropriate therapy (Table 1). Blood cultures
were positive in 30 (8.8%) of the 341 patients in-

cluded in the analysis, with S. pneumoniae the most
commonly isolated organism (n � 17, 5.0%). Of S.
pneumoniae isolates, 4 (24%) were resistant to pen-
icillin (MIC � 1 �g/mL), and 2 (12%) were resistant
to tetracycline (MIC � 8 �g/mL).

Common antibiotic choices in patients receiv-
ing other appropriate therapy included a beta-lac-
tam/beta-lactamase inhibitor plus doxycycline or a
macrolide (n � 36, 29%), fluoroquinolone mono-
therapy (n � 16, 13%), and a variety of other anti-
biotic combinations with activity against S. pneu-
moniae and atypical bacteria (n � 52, 42%).

Clinical Outcomes
Analyses of unadjusted outcomes showed that pa-
tients treated with ceftriaxone plus doxycycline had
significantly lower inpatient (2% vs. 14%, P � .001)
and 30-day (6% vs. 20%, P � .001) mortality com-
pared to patients treated with other regimens (Ta-
ble 2). Multivariable logistic regression analysis
identified three variables (diagnosis of congestive
heart failure, admission to the ICU, and the pres-
ence of comorbid illness) associated with initial
antibiotic selection, which were used to build a
propensity score. After adjustment for the propen-
sity score, use of ceftriaxone plus doxycycline re-
mained significantly associated with lower inpa-
tient mortality (OR � 0.26, 95% CI: 0.08 – 0.81) and
30-day mortality (OR � 0.37, 95% CI: 0.17– 0.81).
Differences in length of stay and 30-day readmis-

TABLE 1
Characteristics of Study Population

Ceftriaxone/doxycycline
Other appropriate
therapy

Patients (n) 216 125
Age (median) 76 74
PSI Score (median)a 97 108
PSI Risk Class (%)a

Class I 9.3 5.6
Class II 11.1 8.8
Class III 21.8 13.6
Class IV 40.7 40.0
Class V 17.1 32.0

Comorbid Illness (%)a 36.1 47.2
Nursing Home/LCF

(%)a 5.1 14.4
Aspiration (%)a 3.2 20.0
Admission to ICU (%)a 6.0 28.0

Abbreviations: PSI, pneumonia severity index; LCF, long-term-care facility; ICU, intensive care unit.
aSignificant difference between groups (P � .05).
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sion rates between the treatment groups were not
significant (Table 2).

Subset Analysis
To address issues related to selection bias, we per-
formed an analysis of a subset of the patients after
excluding those admitted from a nursing home,
diagnosed with aspiration, or admitted to the ICU,
for whom ceftriaxone plus doxycycline would not
be considered recommended (or “first-line”) ther-
apy. The two resulting groups were similar, except
there were fewer patients with comorbid illness in
the ceftriaxone plus doxycycline group (34% vs.
50%, P � .015). The propensity score was rederived
for this subset and used for adjustment. Unadjusted
and adjusted outcomes are shown in Table 3. Use of

ceftriaxone plus doxycycline in this subset also was
associated with reduced odds of inpatient mortality
(OR � 0.17, 95% CI: 0.04 – 0.77). The odds of 30-day
mortality also were reduced but not significantly, as
the confidence interval included 1.0 (OR � 0.43,
95% CI: 0.14 –1.31). There were no differences be-
tween groups in length of stay or in 30-day read-
mission rate.

DISCUSSION
In our hospital setting, the use of ceftriaxone plus
doxycycline as the initial empiric antibiotic therapy
for patients hospitalized with community-acquired
pneumonia was associated with significantly lower
inpatient and 30-day mortality, even after adjusting
for clinical differences between groups. We did not

TABLE 2
Association between Ceftriaxone plus Doxycycline Therapy and Clinical Outcomes

Ceftriaxone � doxycycline
(n � 216)

Other appropriate therapy
(n � 125)

Adjusted odds ratio (95%
confidence interval)

Inpatient
Mortality 2.3% 14.4% 0.26 (0.08–0.81)

30-day
mortality 6.0% 20.0% 0.37 (0.17–0.81)

Length of stay
(median
days) 3.0 4.0 �0.09 (�0.25–0.06)a

30-day
readmission 10.7% 12.0% 0.87 (0.42–1.81)

Propensity score adjustment was based on the variables diagnosis of congestive heart failure, admission to the intensive care unit, and presence of comorbid illness
aEstimated difference for the natural log of length of stay.

TABLE 3
Association between Ceftriaxone plus Doxycycline Therapy and Clinical Outcomes after Excluding Patients Admitted from Nursing Homes,
Diagnosed with Aspiration, or Admitted to the ICU

Ceftriaxone � doxycycline
(n � 188)

Other appropriate therapy
(n � 70)

Adjusted odds ratio
(95% CI)

Age (median years) 75 71
PSI score (mean) 95 98
Comorbid illness

(%)a 33.5 50.0
Inpatient mortality 1.6% 7.1% 0.17 (0.04–0.77)
30-day mortality 4.8% 8.6% 0.43 (0.14–1.31)
LOS (median days) 3 3 �0.06 (�0.24–0.12)b

30-day
readmission 11.9% 10.0% 1.31 (0.52–3.28)

Abbreviations: ICU, intensive care unit; PSI, pneumonia severe index; LOS, length of stay. Propensity score adjustment was based on the variables age and comorbid illness.
aSignificant difference between groups (P � .02).
bEstimated difference for the natural log of length of stay.
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find a difference between regimens in hospital
length of stay or 30-day readmission rate. In case
the multivariable model was insufficient to account
for the clinical differences (i.e., selection bias) be-
tween groups, we also performed an analysis of a
subgroup of less severely ill patients by excluding
those admitted from nursing homes, those admit-
ted to the intensive care unit, and those with aspi-
ration pneumonia. In this subset, use of ceftriaxone
plus doxycycline remained associated with lower
inpatient mortality but not with lower 30-day mor-
tality. Although, as an observational study, the re-
sults of our findings could still be a result of residual
confounding, we believe the results provide valu-
able information regarding doxycycline.

Combination therapy with a macrolide, but not
doxycycline, is advocated by the practice guidelines
of several major U.S. professional societies,3,4,7 ap-
parently because of a lack of data on the effective-
ness of combination therapy with doxycycline.7

Only one randomized, unblinded study, in 87 low-
risk patients hospitalized with CAP, that compared
monotherapy with IV doxycycline versus physician-
determined therapy has been conducted.13 This
study found no differences between treatment
groups in clinical outcomes but did find that use of
doxycycline was associated with shorter hospital
stays and reduced costs. Our results, achieved in a
real-world setting in relatively ill hospitalized pa-
tients (58% were in PSI risk class IV or V), provide
further support for the use of combination therapy
with doxycycline.

Hospitalized patients treated with a beta-lac-
tam in combination with a macrolide are often
discharged on macrolide monotherapy. In our pop-
ulation most patients treated with ceftriaxone plus
doxycycline were discharged on doxycycline if they
required continued therapy (data not shown). In
the current era of resistance of Streptococcus pneu-
moniae to antibiotics, there is good reason to be-
lieve doxycycline may perform as well, if not better,
than macrolides when hospitalized patients with
CAP are discharged on oral monotherapy. Macro-
lide resistance rates among invasive pneumococcal
isolates in the United States doubled from 10% to
20% during a period in which prescriptions for
macrolides increased by 13%.12 In addition, a large
surveillance study of more than 1500 isolates col-
lected in 1999 and 2000 found that 26% of the
isolates were resistant to macrolides, whereas only
16% were resistant to tetracycline.16 In vitro testing
against S. Pneumoniae has also suggested that tet-

racycline resistance overestimates doxycycline re-
sistance.17,18 More recently, Streptococcus pneu-
moniae susceptibility data from the SENTRY
Antimicrobial Surveillance program reaffirmed
doxycycline’s in vitro superiority over macrolides.17

Our study had several limitations. The study
design adopted precluded determining whether fa-
vorable results with the use of ceftriaxone plus
doxycycline resulted from an effect unique to this
combination of antibiotics, the possible anti-in-
flammatory properties of doxycycline alone,19,20 or
unmeasured confounders. For example, processes
of care that affect clinical outcomes for patients
hospitalized with CAP, such as the timing of anti-
biotic delivery, the timing of blood cultures, and
stability assessment on discharge were not mea-
sured in this study. To affect outcomes, these pro-
cesses of care would need to be differentially dis-
tributed between our comparison groups. However,
because this study was performed in a single insti-
tution during a single interval, it is likely that the
performance of these processes of care would be
similar for all patients.

In conclusion, ceftriaxone plus doxycycline ap-
pears to be an effective, and possibly superior, ther-
apy for patients hospitalized with CAP. Random-
ized controlled trials of doxycycline-containing
regimens versus other regimens are warranted.
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