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Adding either macrolide or fluoroquinolone (FQ) to B-lactam has been recommended for
patients with severe community-acquired pneumonia (CAP). However, due to the limited
evidence available, there is a question as to the superiority of the two combination
therapies. The MEDLINE, EMBASE, Cochrane Central Register, Scopus, and Web of Science
databases were searched for systematic review and meta-analysis. A total of eight trials
were analyzed. The total number of patients in the B-lactam plus macrolide (BL-M) and
B-lactam plus fluoroquinolone (BL-F) groups was 2,273 and 1,600, respectively. Overall
mortality of the BL-M group was lower than that of the BL-F group (19.4% vs. 26.8%),
which showed statistical significance (odds ratio [OR], 0.68; 95% confidence interval [Cl],

0.49 t0 0.94; P=0.02). Length of hospital stay was reduced in the BL-M group compared
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INTRODUCTION

Community-acquired pneumonia (CAP) is a leading cause of
infectious death worldwide (1). Severe CAP has generally been
defined as CAP requiring admission to the intensive care unit
(ICU) due to invasive mechanical ventilation or septic shock re-
quiring vasopressors (2). Approximately 10% of patients hospi-
talized with CAP require admission to the ICU, and the rate of
mortality ranges from 11% to 56% (3-5). Therefore, it is impor-
tant for critically ill patients with severe CAP to receive appro-
priate antibiotic regimens.

Recent prospective studies have shown non-inferiority of
B-lactam monotherapy in comparison with a -lactam plus mac-
rolide (BL-M) combination therapy in patients with non-severe
CAP (6,7). However, a B-lactam-based combination therapy is
preferred for patients with severe CAP (5,8). Additionally, recent
pooled analyses showed that addition of macrolides, which has
been often used to cover atypical pathogens of CAP, was associ-
ated with reduction of mortality (9,10).

Currently, the official guideline from the Infectious Diseases
Society of America/American Thoracic Society (IDSA/ATS) rec-
ommends either BL-M or a B-lactam plus fluoroquinolone (BL-
F) combined therapy for patients with severe CAP, unless there
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to the BL-F group (mean difference, —3.05 days; 95% CI, —6.01 to —0.09; P = 0.04).
However, there was no significant difference in length of intensive care unit (ICU) stay
between the two groups. Among patients with severe CAP, BL-M therapy may better
reduce overall mortality and length of hospital stay than BL-F therapy. However, we could
not elicit strong conclusions from the available trials due to high risk of bias and
methodological limitations.
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is concern for Pseudomonas or methicillin-resistant Staphylo-
coccus aureus (MRSA) infection (2). Guidelines from several lo-
cal medical societies as well as British Thoracic Society (BTS)
have also recommended regimens similar to those of the IDSA/
ATS guideline for patients with higher pneumonia severity (11,12).

Since the publication of several official guidelines, there has
been a question with regard to the relative superiority of BL-M
vs. BL-E However, there is a scarcity of conclusive data from
clinical trials. Accordingly, through a systematic review of data
from available clinical trials, we assessed the relative efficacy of
BL-M and BL-F treatments.

MATERIALS AND METHODS

Data sources and search strategy

To identify potentially relevant articles, a comprehensive search
of five electronic databases (MEDLINE, EMBASE, Cochrane
Central Register, Scopus, and Web of Science) was performed.
Articles published prior to December 2015 were included. Search
results were limited to human studies. A highly sensitive search
strategy was adopted using the following words and medical
subject headings (MeSH) terms: “beta-lactams,” “Macrolides,”

“Fluoroquinolones,” “Community-Acquired Infections,” and
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“Pneumonia, Bacterial” In addition, we performed a manual
search of the references cited by relevant review articles. As this
study was a systematic review of published articles, informed
consent and ethics approval were not required.

Inclusion criteria

A systematic review and meta-analysis was performed of stud-
ies that met the following criteria: 1) randomized controlled or
observational cohort studies that targeted severe CAP patients
over 18 years of age; 2) exposure to BL-M or BL-F combination
therapy; 3) the presence of clinical outcomes including mortal-
ity (total, in-hospital, ICU or 30-day) and length of stay (hospital
or ICU). Studies targeting outpatients, non-severe CAP patients,
or patients with healthcare-associated pneumonia (HCAP), hos-
pital acquired pneumonia (HAP), and ventilator-acquired pneu-
monia (VAP) were excluded.

Study selection and data extraction

Two pulmonologists (JHL and YHK) independently retrieved
potentially relevant studies, reviewed each study according to
the predefined criteria for eligibility, and extracted data. Any
disagreement in the process of study selection or data extrac-
tion was resolved through consensus. A predefined form was
used to extract data from each study. We used only officially
published data. The primary outcome was overall mortality. We
also assessed changes in 30-day mortality, ICU mortality, length
of hospital stay, and length of ICU stay.

Quality assessment

As recommended by the Cochrane Collaboration, we used the
Newcastle-Ottawa quality assessment scale (NOS) to assess the
risk of bias in the observational studies (13). NOS uses a star sys-
tem to evaluate nonrandomized studies in the following three
domains: selection, comparability and exposure/outcome. Stud-
ies that received a star in each of the three domains were con-
sidered to be of high quality.

The quality of randomized controlled trials (RCTs) was as-
sessed using the Cochrane Handbook for Systemic Reviews of
Interventions “risk of bias” tool (14). A term of “low;,” “high,” or
“unclear” for risk of bias was assigned to the following domains:
sequence generation/allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blind-
ing of outcome assessment (detection bias), incomplete out-
come data (attrition bias), selective outcome reporting (report-
ing bias), and other sources of bias. Agreement between review-
ers was achieved through a consensus.

Statistical analysis

We analyzed data using Review Manager Software, version 5.3
(The Nordic Cochrane Centre, The Cochrane Collaboration, Co-
penhagen, Denmark). Random-effects models were applied.
For dichotomous variables, treatment effects were presented as
odds ratios (OR) with 95% confidence intervals (CI) via the Man-
tel-Haenszel method. Statistical estimates for continuous vari-
ables were expressed as raw mean differences. Heterogeneity
was assessed using I” statistics on a scale of 0%-100%, with I*

‘ Records identified through database searching (n = 10,676)

—

Records owing to duplication (n = 4,079) ‘

Additional records identified through other sources (n = 3) ‘

-

‘ Records screened (n = 6,600)

—

Records excluded after screening titles and/or abstracts (n = 6,566) ‘

y

‘ Full-text articles assessed for eligibility (n = 34)

\ 4

Full-text articles excluded with following reasons (n = 26)

No comparison arm (n = 19)
Comparison of between monotherapy groups (n = 3)
No p-lactam plus fluoroguinolone arm (n = 4)

y

‘ Studies included in qualitative synthesis (n = 8)

v

‘ Studies included in quantitative synthesis (n = 8)

Fig. 1. Flow chart of study selection.
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> 50%, indicating a substantial level of between-study hetero-
geneity. To explore the robustness of the pooled effect, we re-
moved each study in turn to determine the influence of an in-
dividual study on the overall effect estimates. Subgroups were
analyzed as necessary. A Pvalue < 0.05 was considered statisti-
cally significant.

RESULTS

Study search

A total of 10,676 published articles were identified. After remov-
ing duplicated articles, we screened 6,600 eligible articles and
added 3 potentially eligible articles from authors’ reference lists.
Of these articles, 6,566 were excluded based on the title and ab-
stract, and the remaining 34 articles underwent a full-text re-
view. Twenty-six articles were excluded for the reasons present-
ed in Fig 1. Finally, a total of 8 articles were included in the cur-
rent analysis (15-22). Of these trials, seven trials used an obser-
vational cohort study design (15-21), and only one trial was an
RCT (22). Six trials were performed in two or more centers. All
were published between 1994 and 2013 (15,16,18,19,21,22). The
features of studies included are shown in Table 1. The number
of patients in each trial ranged from 61 to 1,989. The total num-
ber of patients for our systematic review and meta-analysis was
3,873, among whom 2,273 received BL-M therapy and 1,600 re-
ceived BL-F therapy.

Quality assessment and risk of bias

A summary of the methodological quality assessment and risk
of bias for each non-randomized observational trial is shown in
Table 2. According to the NOS system described above, four
studies were determined to be of low quality, primarily due to
the absence of direct comparability between treatment groups
or insufficient baseline data of each study (16,18-20). In con-
trast, three recent trials received relatively high scores as deter-
mined by NOS (15,17,21).

Table 2. Risk of bias within non-randomized trials using the Newcastle-Ottawa scale

With regards to RCTs, we evaluated the study quality of the
one RCT conducted by Gaillat et al. (22) according to recom-
mendations by the Cochrane Collaboration. Assessment ac-
cording to this recommendation showed that the RCT demon-
strated selection bias, performance bias, and detection bias. Due
to the low number of RCTs, we could not estimate potential pub-
lication bias with a funnel plot for all outcomes.

Mortality
Overall mortality was reported by all 8 studies (15-22). Overall
mortality rates were 19.4% (443/2,273) and 26.8% (429/1,600)
for the BL-M and BL-F groups, respectively (Fig. 2). Overall, a
random effect model showed that BL-M therapy was signifi-
cantly associated with reduced overall mortality (OR, 0.68; 95%
CI, 0.49 to 0.94; P = 0.02; I* = 58.0%). As described above, sub-
group analyses were performed according to the number of cen-
ters involved in each trial (multicenter vs. single center). Most
patients belonged to six multicenter trials (n = 3,602; 93.0%)
(15,16,18,19,21,22). A pooled analysis from multicenter trials
demonstrated superiority of BL-M therapy (OR, 0.62; 95% CI,
0.46 to 0.85; P = 0.002; I* = 52.0%), whereas a pooled analysis of
two single center trials did not (17,20). In addition, a pooled es-
timate from three observational trials with a relatively high qual-
ity of study and one RCT did not reach statistical significance
between the two treatment groups (OR, 0.89; 95% CI, 0.66 to
1.20; P = 0.44; I = 38.0%, not shown) (15,17,21,22).

Four trials reported 30-day mortality (Fig. 3A) (16,17,19,21).
A random effect showed a trend toward superiority of BL-M
therapy, but its estimate did not reach statistical significance,
and heterogeneity between trials was high (OR, 0.75; 95% CI,
0.46 to 1.21; P = 0.23; I> = 76.0%). Similar results were observed
for ICU mortality (OR, 0.57; 95% CI, 0.26 to 1.27; P = 0.22; I* = 32%;
Fig. 3B) (17,18).

Length of stay
We retrieved data on the length of hospital stay from three ob-

Selection Comparability Exposure/outcome
; - . : Same methods

Study (yr) Is thle Iclase Representative- Selection Definition Comparability ~ Ascertainment of ascertainment  Non-response

definition of of of

ness of the cases for cases and rate
adequate? controls controls cohorts exposure
controls

Adrie (2013) * * * NA * * * NA
Bratzler (2008) * * * NA NA * * NA
Karhu (2013) * * * NA * %k * * NA
Martin-Loeches (2010) * NA * NA NA * * NA
Mortensen (2006) * * * NA NA * * NA
Waterer (2001) * * * NA NA * * NA
Wilson (2012) * * * NA * * * * NA

A maximum of one star for the selection and exposure/outcome domains and two stars for the comparability domain were assigned. Studies with stars in all domains (excluding

comparability) were considered high quality.
NA = not applicable.
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BL-M BL-F Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Multicenter trials
Adrie 2013 39 164 74 230 17.4% 0.66[0.42, 1.04] =]
Bratzler 2008 71 B73 42 207 183% 0.46[0.30,0.70] ——
Gaillat 1994 6 50 6 52 56% 1.05[0.31, 3.49] B S
Martin-Loeches 2010 12 46 26 54 93% 0.38[0.16, 0.89] —
Montensen 2006 15 87 15 50 9.7% 0.49[0.21,1.11] —
Wilson 2012 268 1106 242 883 24.2% 0.85[0.69, 1.04] -
Subtotal (95% CI) 2126 1476  84.4% 0.62 [0.46, 0.85] <
Total events 41 405
Heterogeneity: Tau®= 0.06; Chi*=10.33, df=5 (P = 0.07); F= 52%
Test for overall effect: Z= 3.03 (P = 0.002)
1.1.2 Single center trials
Karhu 2013 30 106 21 104 129% 1.56 [0.82, 2.95) T
Waterer 2001 2 4 3 20 26% 0.29[0.04, 1.90] il gy
Subtotal (95% CI) 147 124  15.6% 0.86 [0.18, 4.15] R
Total events 32 24
Heterogeneity: Tau*= 0.90; Chi*= 2.76, df=1 (P=0.10); F= 64%
Test for overall effect Z=0.19 (P = 0.85)
Total (95% CI) 2273 1600 100.0% 0.68 [0.49, 0.94] <&
Total events 443 429
Heterogeneity: Tau?= 0.10; Chi*= 16.67, df= 7 (P = 0.02); F= 58% 00 ’ 0f1 1=0 100:

Test for overall effect: Z= 2.36 (P = 0.02)
Test for subaroun differences: Chi*=0.15.df=1 (P=0.70). F= 0%

Favours [BL-M] Favours [BL-F)

Fig. 2. Pooled results of adjusted odds ratio for overall mortality among patients with severe CAP treated with BL-M vs. BL-F.
CAP = community-acquired pneumonia, M—H = Mantel-Haenszel, Cl = confidence interval, df = degrees of freedom, BL-M = B-lactam plus macrolide, BL-F = B-lactam plus

fluorogquinolone.

BL-M BL-F Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bratzler 2008 71 673 42 207 281% 0.46 [0.30, 0.70) —
Karhu 2013 26 106 17 104 208% 1.66 [0.84, 3.29] T
Montensen 2006 15 87 15 50 17.5% 0.49(0.21,1.11) =—=r
Wilson 2012 268 1106 242 883 33.7% 0.85 [0.69, 1.04)
Total (95% Cl) 1972 1244 100.0% 0.75[0.46, 1.21]
Total events 380 316
Heterogeneity: Tau®= 0.17; Chi*= 12.60, df = 3 (P = 0.006); F= 76% 0 o1 0=1 1- 150 100:

Testfor overall effect. Z=1.20 (P=0.23)

Odds Ratio

Favours [BL-M] Favours [BL-F]

Odds Ratio
M-H, Random, 95% CI

Karhu 2013 9 106 10 104 48.4%
Martin-Loeches 2010 10 40 24 52 516%
Total (95% CI) 146 156 100.0%
Total events 19 34

Heterogeneity: Tau®= 0.10; Chi*=1.47,df=1 (P=0.22); F= 32%
Testfor overall effect Z=1.37 (P=0.17)

0.87[0.34, 2.24]
0.39[0.16, 0.96]

0.57 [0.26, 1.27]

0.1 1 10
Favours [BL-M] Favours [BL-F]

0.0 100

B/

Fig. 3. Pooled results of adjusted odds ratio for overall mortality among the patients with severe CAP treated with BL-M vs. BL-F. (A) Thirty-days mortality. (B) ICU mortality.
CAP = community-acquired pneumonia, M—H = Mantel-Haenszel, Cl = confidence interval, df = degrees of freedom, BL-M = B-lactam plus macrolide, BL-F = B-lactam plus

fluoroquinolone, ICU = intensive care unit.

servational trials (Fig. 4A) (15,17,21). Overall, BL-M therapy was
significantly associated with shorter length of hospital stay (mean
difference, —3.05 days; 95% CI, —6.01 to —0.09; P = 0.04; > = 65.0%).
Since a trial conducted by Wilson et al. (21) included only el-
derly patients (mean age, 74 years) and, at the same time, ex-
tremely favored BL-M therapy, an additional analysis was per-
formed except for this study. Its estimate was not statistically
significant. However, there was a trend toward greater benefits
of BL-M therapy (mean difference, —1.42 days; 95% CI, —4.03 to
1.18; P = 0.29; I* = 0.0%, not shown). With respect to the length
of ICU stay, there was no significant difference between the two

https://doi.org/10.3346/jkms.2017.32.1.77

groups (mean difference, —0.32 days; 95% CI, -1.38 to 0.75; P =
0.56; I = 0.0%; Fig. 4B) (15,17).

DISCUSSION

Although recent trials have suggested that -lactam monothera-
py is not inferior to BL-M combination therapy or fluoroquino-
lone (FQ) monotherapy among patients with clinically suspect-
ed CAP admitted to non-ICU wards (6,7), a combination thera-
py consisting of a -lactam with either a FQ or a macrolide has
been officially recommended for patients with severe CAP (2).

http://jkms.org 81
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BL-M BL-F Mean Difference Mean Difference
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Adrie 2013 175 181 164 18 155 230 30.7% -050[3.92,292 T
Karhu 2013 134 103 106 161 183 104 265% -270[6.73,1.33) -
Wilson 2012 159 169 1106 21 247 883 428% -510[7.01,-3.19] —a—
Total (95% ClI) 1376 1217 100.0% -3.05[-6.01,-0.09] gl
Heterogeneity: Tau® = 4.38; Chi*= 5.65, df= 2 (P = 0.06); F= 65% k t |

Test for overall effect: Z=2.02 (P = 0.04)

BL-M BL-F
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random. 95% ClI
Adrie 2013 7 88 164 8 103 230 31.7%
Karhu 2013 53 52 106 53 43 104 683%
Total (95% ClI) 270 334 100.0%

Heterogeneity: Tau®= 0.00; Chi*= 0.73, df=1 (P = 0.39); F= 0%
Test for overall effect: Z= 0.58 (P = 0.56)

Mean Difference

-0.32[-1.38,0.75]

10 5 0 5 0
Favours [BL-M] Favours [BL-F]

Mean Difference
IV, Random, 95% ClI

-1.00 [-2.89, 0.89]
0.00 [-1.29, 1.29]

-10 -5 0 5 10
Favours [BL-M] Favours [BL-F] e

Fig. 4. Pooled results of mean difference for length of stay among critically ill patients with severe CAP treated with BL-M vs. BL-F. (A) Length of hospital stay in days. (B)

Length of ICU stay in days.

CAP = community-acquired pneumonia, SD = standard difference, IV = inverse variance, Cl = confidence interval, df = degrees of freedom, BL-M = B-lactam plus macrolide,

BL-F = B-lactam plus fluoroquinolone, ICU = intensive care unit.

There are several points of observational evidence that dem-
onstrate combination therapy with macrolides reduces mortal-
ity rates compared to other non-macrolide combination thera-
pies (10,23). It is well known that macrolides have immunomo-
dulatory effects on inflammatory and epithelial cells, which
can lead to attenuation of inflammatory response (8). In addi-
tion, a retrospective observational cohort study reported that
combined BL-F therapy as an empirical therapy for severe CAP
was associated with increased 30-day mortality when compared
with other guideline-concordant antimicrobial regimens (19).
On the basis of these previous results, a recent review inferred
that macrolide combination may be associated with better out-
comes (6). However, it is still unclear whether there is a benefit
or if one combined therapy regime has superior efficacy. One
reason why this question has yet to be conclusively answered is
that existing clinical studies are either observational or limited
in their design.

Against this backdrop, we aimed to determine the superiority
between both regimes through systematic review of previous
trials. Our predefined algorithm identified a total of eight trials
(seven non-randomized observational trials and one RCT). Among
the possible outcomes, mortality is the most important param-
eter when evaluating efficacy of an intervention for patients with
critical illness such as severe CAP. Accordingly, we pooled over-
all mortality data from all eight trials. The pooled estimate show-
ed that combined BL-M therapy was more effective at reducing
overall mortality (Fig. 2). A subgroup analysis from six multicenter
trials, which included most of the patients (84.4%), demonstrat-
ed a similar outcome. In contrast, quantitative analyses were
possible only in four and two trials for 30-day and ICU mortali-
ty, respectively. Pooled estimates based on these data were not
significant. However, we were able to observe a trend towards a
greater beneficial effect of BL-M combination therapy (Fig. 3).
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Accordingly, we cannot exclude the probability that if a greater
number of trials were available for analyses, pooled estimates
of 30-day and ICU mortality would, similar to overall mortality,
reach statistical significance.

Length of hospital stay is also a critical parameter that has
been evaluated in clinical trials investigating antibiotic thera-
pies. Our assessment demonstrated that, compared to patients
who received BL-FE, patients who received BL-M combination
therapy were discharged from hospital approximately 3 days
earlier (Fig. 4A). However, length of ICU stay did not differ be-
tween the two treatment groups. These data, when considered
along with the mortality results, could indicate that BL-M com-
bination therapy has greater beneficial effects among patients
with relatively less severe CAP. However, to determine these re-
sults conclusively, additional trials are needed.

Overall, our systematic review and meta-analysis showed
that BL-M therapy may be superior to BL-F therapy among pa-
tients with severe CAP. The superiority of BL-M therapy may be
due to the mechanisms through the addition of a macrolide to
BL. First, macrolides provide broader antibacterial spectrum
for CAP because macrolides are generally effective against the
main atypical pathogens such as Mycoplasma pneumoniae and
Legionella (24). Second, as described above, macrolides exert
immunomodulatory effects on inflammatory and epithelial
cells (8). Third, antimicrobial synergism is attained by addition
of a macrolide to B-lactam. A recent retrospective cohort study
demonstrated that azithromycin was associated with a benefi-
cial effect on 28-day ICU-free days even in severe sepsis patients
without pneumonia as well as those with pneumonia (25). In
univariate analysis, severe sepsis patients receiving azithromycin
had 5.47 more ICU-free days on average than did those not re-
ceiving azithromycin (P = 0.005) (25).

The development of antibiotics resistance is one of the most
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important issues in antibiotic trials. However, we could not per-
form a pooled analysis because drug resistance data was report-
ed by only one trial (15). This trial reported that the rate of ac-
quisition of multidrug-resistant pathogen was similar between
both groups.

Since FQs have a broad-spectrum antimicrobial activity, they
have been widely used for the treatment of a variety of bacterial
infections (26). In addition, FQs have good in vitro and in vivo
activity against Mycobacterium tuberculosis (M. tuberculosis)
(26) and the use of FQs could result in a delayed diagnosis of
pulmonary TB (27). Therefore, BL-M can be selected as a pref-
erential regimen in patients with severe CAP in a TB endemic
area, when considering our results and activity of FQs against
M. tuberculosis. On the other hand, careful monitoring of pa-
tients taking macrolides is needed due to the potential risk for
sudden cardiac death or ventricular tachyarrhythmias associat-
ed with macrolide use (28).

Our study has limitations. First, since most studies included
in this meta-analysis were observational in design, and so re-
sults should be interpreted with caution. Additional large-scale
RCTs should be performed to overcome this limitation. Second,
for ICU patients without risk factors for infection with drug-re-
sistant pathogens, the official guidelines recommend treatment
with B-lactams such as cefotaxime, ceftriaxone, or ampicillin-
sulbactam. However, several of the pooled studies included a
B-lactam other than recommended, while other trials did not
provide information on the class of B-lactam use. Therefore,
some pooled patients received guideline-discordant antibiotic
regimens. Third, IDSA/ATS consensus guidelines indicated two
major criteria for direct admission to ICU: septic shock requir-
ing vasopressor support and requirement for mechanical venti-
lation (2). These guidelines also noted that the need for ICU care
is suggested by the presence of at least three minor criteria (2).
However, rather than these objective parameters, the patients
of clinical trials included in our review were mostly admitted to
the ICU according to clinical judgment. Fourth, we should men-
tion antimicrobial resistance. The resistance to macrolides is
increasing (29). Unfortunately, all of trials included our meta-
analysis were published before 2010 and did not describe the
resistance to macrolides. So, we could not perform additional
analyses according to resistance. If additional analyses based
on antimicrobial resistance were possible or well-designed pro-
spective controlled trials were published, we could get a more
concrete conclusion. The limitations mentioned above prohib-
ited us from drawing strong conclusions.

In conclusion, our systemic review and meta-analysis revealed
that BL-M combination therapy compared to BL-F combina-
tion therapy for severe CAP may be more effective in reducing
overall mortality and length of hospital stay. However, the meth-
odological limitations of the included trials and the scarcity of
available clinical studies prevented a definitive conclusion. Ac-
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cordingly, further large-scale, well-designed RCTs are needed
to clarify which regimen is more effective for severe CAP.
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