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Azithromycin combination
therapy for community-acquired
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analysis
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Whether macrolide combination therapy reduces the mortality of patients with severe community-
acquired pneumonia (CAP) hospitalized in the non-intensive care unit (ICU) remains unclear. Therefore,
we investigated the efficacy of adding azithromycin to 3-lactam antibiotics for such patients. This
prospective cohort study enrolled consecutive patients with CAP hospitalized in the non-ICU between
October 2010 and November 2016. The 30-day mortality between (3-lactam and azithromycin
combination therapy and (3-lactam monotherapy was compared in patients classified as mild to
moderate and severe according to the CURB-65, Pneumonia Severity Index (PSI), and Infectious
Diseases Society of America (IDSA)/American Thoracic Society (ATS) criteria. Inverse probability of
treatment weighting (IPTW) analysis was used to reduce biases. Based on the CURB-65 and PSI,
combination therapy did not significantly reduce the 30-day mortality in either group (179 patients

in the combination group, 952 in the monotherapy group). However, based on the IDSA/ATS criteria,
combination therapy significantly reduced the 30-day mortality in patients with severe (odds ratio [OR]
0.12, 95% confidence interval [CI] 0.007-0.57), but not non-severe pneumonia (OR 1.85, 95% Cl 0.51—
5.40); these results were similar after IPTW analysis. Azithromycin combination therapy significantly
reduced the mortality of patients with severe CAP who met the IDSA/ATS criteria.

Among the infectious diseases, community-acquired pneumonia (CAP) is a major cause of hospitalization
and death worldwide'%. The cornerstone of CAP therapy is antibiotic agents, but the recommended treatment
strategy differs among the guidelines'**. Several previous retrospective and prospective observational studies
have reported that 3-lactam and macrolide combination therapy significantly improved the prognosis of hos-
pitalized CAP patients®~!'. However, two randomized controlled trials (RCTs) showed that combination ther-
apy with 3-lactam and macrolide did not significantly reduce the mortality of CAP patients hospitalized in the
non-intensive care unit (ICU)'>!%. Therefore, the benefit of adding macrolides to 3-lactam antibiotics in improv-
ing the prognosis of CAP patients hospitalized in the non-ICU ward is controversial. A recent systematic review
and meta-analysis reported that compared with (3-lactam monotherapy, macrolide combination therapy reduced
the mortality in severe pneumonia'. This result suggested the efficacy of 3-lactam and macrolide combination
therapy for severe CAP patients hospitalized in the non-ICU ward; however, no RCT has been conducted to test
this hypothesis. Most of the studies, including two RCTs, used erythromycin, clarithromycin, and azithromycin
as macrolides, but no study has reported the usefulness of azithromycin alone as the macrolide for combination
therapy. Therefore, the aim of the present study was to assess the usefulness of azithromycin as the add-on mac-
rolide to 3-lactam antibiotics in patients hospitalized in the non-ICU ward for CAP, specifically the severe type,
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| 1323 community-acquired pneumonia patients in a prospective observational cohort

192 patients were excluded
— 55 were not treated by B-lactam antibiotics
39 received fluoroquinolones
8 received macrolides
3 received tetracycline
5 received fluoroquinolones + macrolides
1 — 67 were treated by B-lactam combination therapy without azithromycin
59 were with fluoroquinolones
3 were with lincomycins
3 were with tetracycline
2 were with clarithromycin
— 7 were treated by B-lactam + fluoroquinolones + azithromycin
or
— 72 were admitted in the intensive care unit

| 1131 community-acquired pneumonia patients were included for analysis

y Y
952 patients were treated by 179 patients were treated by
fB-lactam monotherapy B-lactam + azithromycin combination therapy

Figure 1. Study flowchart.

as defined by the CURB-65'%, Pneumonia Severity Index (PSI)'¢, and Infectious Diseases Society of America
(IDSA)/American Thoracic Society (ATS) severe pneumonia criteria'.

Results

Patients’ characteristics. The flowchart of patient inclusion is shown in Fig. 1. A total of 1131 patients were
analyzed in this study. The baseline characteristics of all patients and the two groups of 3-lactam monotherapy
and azithromycin combination therapy are listed in Table 1.

The specific antimicrobial agents used for 3-lactam monotherapy and azithromycin combination therapy are
shown in Table 2. In this cohort, two patients who survived after treatment with 3-lactam and clarithromycin
combination therapy were excluded so that the effect of the addition of azithromycin could be examined alone.

The characteristics of the patients grouped as having severe or non-severe pneumonia by CURB-65, PSI, and
the IDSA/ATS severe pneumonia criteria are presented in Tables S1, S2, and S3, respectively.

Etiology of pneumonia. The distribution of the causative microorganisms in this study is shown in Table 3.
In the 3-lactam monotherapy and azithromycin combination therapy groups, atypical pathogens were detected
in 20 (2.1%) and 19 patients (10.6%), respectively. No patients were diagnosed with atypical pneumonia by rapid
diagnostic tests on admission. If such a diagnosis is given on admission, we usually provide treatment with fluo-
roquinolones, macrolides, or tetracycline monotherapy. Therefore, no such patients were included in the analysis
in the present study.

Outcome. Overall, the 30-day mortality in all patients was 4.7% (53/1131). In addition, 2.8% (25/888) of the
patients had a CURB-65 score of 0-2 points, 11.5% (28/243) a CURB-65 score of 3-5 points, 1.3% (6/476) were
classified as PSI class I-1I1, 7.2% (47/655) as PSI class IV-V, 1.2% (16/847) as IDSA/ATS non-severe, and 13.0%
(37/284) as IDSA/ATS severe.

Compared with 3-lactam monotherapy, azithromycin combination therapy did not significantly reduce the
30-day mortality in all patients (Table 4). When the patients were analyzed according to the severity of CAP
(Table 4), azithromycin combination therapy did not significantly improve the prognosis of both the non-severe
and severe pneumonia groups by CURB-65 and PSI. However, based on the IDSA/ATS severe criteria, azithro-
mycin combination therapy significantly reduced the 30-day mortality in severe pneumonia (odds ratio [OR]
0.12, 95% confidence interval [CI] 0.007-0.57, P=0.038), but not in non-severe pneumonia (OR 1.85, 95% CI
0.51-5.40, P=0.294). In the 3-lactam monotherapy group, the 30-day mortality in patients with atypical patho-
gens was 10% (2/20), although one of these patients had two causative microorganisms, including Chlamydophila
pneumoniae and Haemophilus influenzae. In the azithromycin combination therapy group, the 30-day mortality
in patients with atypical pathogens was 5.3% (1/19).

Outcome after adjustment by inverse probability of treatment weighting (IPTW) analy-
sis.  Figures S1-S7 show the standardized mean differences in all patients and in the patients grouped accord-
ing to CAP severity before and after adjustment by IPTW analysis.

Even after adjusting by IPTW analysis (Table 4), azithromycin combination therapy did not significantly
improve the prognosis in all patients or in the patient groups according to the CURB-65 and PSI. Azithromycin
combination therapy significantly improved the prognosis of patients classified as severe pneumonia by the IDSA/
ATS criteria, but not in non-severe patients.
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B-lactam Azithromycin
All patients | monotherapy combination therapy
n=1131 n=952 n=179 Pvalue
Male 795 (70.3) 676 (71.0) 119 (66.5) 0.25
77.0 78.0 74.0
Age (y) [69.0-84.0] | [69.0-84.0] [65.0-82.5] 0.001
Smoking status 0.27
Current + Past 726 (64.2) 618 (64.9) 108 (60.3)
Never 400 (35.4) 330 (34.7) 70 (39.1)
Unknown 5(0.4) 4(0.4) 1(0.5)
Comorbidity
Chronic heart disease 361 (31.9) 293 (30.8) 68 (38.0) 0.07
COPD' 284 (25.1) 248 (26.1) 36(20.1) 0.11
Diabetes mellitus 225(19.9) 187 (19.6) 38(21.2) 0.61
Cerebrovascular disease 182 (16.1) 165 (17.3) 17 (9.5) 0.008
Chronic kidney disease 98 (8.7) 71 (7.5) 27 (15.1) 0.002
Malignancy* 90 (8.0) 78 (8.2) 12 (6.7) 0.65
Chronic liver disease 58 (5.1) 45(4.7) 13(7.3) 0.19
Vital signs
o 37.8 37.8 37.8
Body temperature (°C) [37.0-38.6] | [37.0-38.5] [37.0-38.7] 0.67
Systolic blood pressure 129 129 128 076
(mmHg) [113-147] [113-147] [112-145] :
. 97 97 100
Heart rate (beats/min) [84-110] [84-110] [86-113] 0.10
Respiratory rate (breaths/min) %128—25] %118725] %f9726] 0.30
Laboratory examinations
. 32 32 33
Albumin (g/dL) [2.8-3.6] [2.8-3.6] [29-3.7] 0.005
19.0 19.0 18.0
BUN (mg/dL) [14.0-26.0] | [14.0-25.0] [13.0-28.5] 0.93
.. 0.83 0.82 0.84
Creatinine (mg/dL) [0.66-1.06] | [0.66-1.05] [0.66-1.14] 0.23
137 137 137
Na (mmol/L) [135-139] [135-139] [135-140] 018
. 36.7 36.6 37.1
Hematocrit (%) (33.1-40.0] | [33.1-40.0] 33.5-40.5] 0.25
, 20.8 21.2 18.4
Platelet (x10*/uL) (155-28.0] | [15.9-28.6] (13.9-24.5] <0.001
3 11.4 11.6 10.2
WEBC (x10°/uL) [84-152] | [8.7-15.5] (7.5-13.9] 0.005
116 113 127
CRP (mg/L) [52-181] [50-176] [57-212] 0.05
Performance status® 0.01
0 278 (24.6) 220 (23.1) 58 (32.4)
1 584 (51.6) 499 (52.4) 85 (47.5)
2 217 (19.2) 190 (20.0) 27 (15.1)
3 30(2.7) 22(2.3) 8(4.5)
4 22(1.9) 21(2.2) 1(0.6)
Aspiration pneumonia 280 (24.8) 251 (26.4) 29 (16.2) 0.003
Bacteremia 40 (3.5) 35(3.7) 5(2.8) 0.46
Pre-antibiotic therapy 317 (28.0) 267 (28.0) 50 (27.9) 1.00
CURB-65 (score) 0.07
0 106 (9.4) 78 (8.2) 28 (15.6)
1 356 (31.5) 307 (32.2) 49 (27.4)
2 426 (37.7) 363 (38.1) 63 (35.2)
3 200 (17.7) 167 (17.5) 33(18.4)
4 40 (3.5) 34 (3.6) 6(3.4)
5 3(0.3) 3(0.3) 0(0)
96.0 96.0 94.0
PSI (score) [80.0-118.0] | [80.0-118.0] [76.5-121] 028
PSI (class) 0.01
Continued
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B-lactam Azithromycin

All patients | monotherapy combination therapy

n=1131 n=952 n=179 Pvalue
I 15(1.3) 10 (1.1) 5(2.8)
II 143 (12.6) 114 (12.0) 29 (16.2)
111 318(28.1) 267 (28.0) 51(28.5)
v 503 (44.5) 440 (46.2) 63 (35.2)
\% 152 (13.4) 121 (12.7) 31(17.3)
IDSA/ATS severe criteria 0.57
Yes 284 (25.1) 236 (24.8) 48 (26.8)
No 847 (74.9) 716 (75.2) 131 (73.2)
Duration of hospitalization 11.0 12.0 10.0 0.20
(days) [8.0-18.0] (8.0-18.0] [7.0-19.0]
In-hospital mortality 62 (5.5) 53 (5.6) 9(5.0) 0.86
30-day mortality 53 (4.7) 48 (5.0) 5(2.8) 0.25

Table 1. Characteristics of patients with community-acquired pneumonia. Data are presented as median
[interquartile range] or n (%). "COPD was diagnosed using the GOLD definition®. Patients who were already
diagnosed and treated as COPD at other hospitals and had emphysema on chest computed tomography

were included. ¥This included patients with malignant disease that was active at the time of admission or was
diagnosed within 1y of admission. $The criteria of the Eastern Cooperative Oncology Group were used™.
ATS, American Thoracic Society; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease;
CRP, C-reactive protein; CURB-65, confusion, urea > 7 mmol/L, respiratory rate >30 breaths/min, low blood
pressure (systolic <90 mmHg or diastolic <60 mmHg), and age >65y; IDSA, Infectious Diseases Society of
America; Na, sodium; PSI, Pneumonia Severity Index; WBC, white blood cell.

Azithromycin

B-lactam combination

monotherapy | therapy'
Antimicrobial agents n=952 n=179 Pvalue
Ampicillin 61 (6.4) 13 (7.3) 0.62
Sulbactam/ampicillin 590 (62.0) 61 (34.1) <0.001
Tazobactam/piperacillin | 41 (4.3) 3(1.7) 0.14
Ceftriaxone 246 (25.8) 97 (54.2) <0.001
Cefepime 2(0.2) 0(0) 1.0
Cefozopran 1(0.1) 0(0) 1.0
Meropenem 11(1.2) 5(2.8) 0.16

Table 2. Antimicrobial agents in 3-lactam monotherapy and azithromycin combination therapy. 'Oral form at
500 mg/day for 3 days in 18 patients and at 2 g/day single dose in 146 patients; by injection at 500 mg/day in 15
patients.

Discussion

In the present study, we found that azithromycin combination therapy significantly reduced the 30-day mortality
of non-ICU hospitalized CAP patients who satisfied the IDSA/ATS minor criteria for severe pneumonia; how-
ever, it did not improve the prognosis of all patients or of the patients grouped as non-severe and severe pneu-
monia according to the PSI and CURB-65. These results were consistent even after adjusting by IPTW analysis.

A systematic review and meta-analysis by Nie et al. in 2014 showed that 3-lactam and macrolide dual therapy
significantly reduced the mortality of CAP in patients hospitalized in the non-ICU ward, both in patients with
mild to moderate pneumonia and in those with severe pneumonia'’. Thereafter, two RCTs were reported. One
RCT by Garin et al.!? reported no significant differences in mortality, ICU admission, complications, length of
stay, and recurrence of pneumonia between (3-lactam monotherapy and 3-lactam-macrolide combination treat-
ment. Another RCT by Postma et al.'* reported that empiric 3-lactam monotherapy was non-inferior to 3-lactam
and macrolide combination therapy, with regard to the 90-day mortality in CAP patients hospitalized at non-ICU
wards. However, the study by Garin used only clarithromycin as the macrolide and excluded CAP patients who
met the PSI class V and IDSA/ATS severe criteria; the study by Postma included many patients with mild to mod-
erate severity. Because of these limitations, the necessity of 3-lactam and macrolide combination therapy in severe
CAP patients hospitalized at a non-ICU ward is controversial.

Careful selection of hospitalized CAP patients who may benefit from macrolide combination therapy is
important to avoid antimicrobial resistance, adverse effects, and the high cost of treatment. A recent systematic
review and meta-analysis by Horita et al. showed that compared with (3-lactam monotherapy, macrolide combi-
nation therapy reduced the mortality in severe pneumonia (OR 0.75, 95% CI 0.65-0.86), but not in mild to mod-
erate pneumonia (OR 1.12, 95% CI 0.87-1.45)'%. However, compared with the present study, that meta-analysis
did not show the criteria for severe pneumonia patients who may benefit from macrolide combination therapy.
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B-lactam Azithromycin

All patients monotherapy combination therapy

n=1131n
Causative pathogen (%) n=952n (%) n=179 n (%)
Streptococcus pneumoniae 240 (21.2) 207 (21.7) 33(18.4)
Haemophilus influenzae 91 (8.0) 77 (8.0) 14 (7.8)
Moraxella catarrhalis 37(3.3) 30(3.2) 7(3.9)
Methicillin-sensitive Staphylococcus 34(3.0) 31(33) 3(1.7)
aureus
Streptococcus anginosus group 27 (2.4) 27 (2.8) 0(0)
Streptococcus spp. 18 (1.6) 17 (1.8) 1(0.6)
Klebsiella pneumoniae 18 (1.6) 15(1.6) 3(1.7)
Anaerobes 17 (1.5) 16 (1.7) 1(0.6)
Pseudomonas aeruginosa 15(1.3) 13(1.4) 2(1.1)
Escherichia coli 5(0.4) 4(0.4) 1(0.6)
Corynebacterium spp. 4(0.4) 3(0.3) 1(0.6)
Acinetobacter spp. 2(0.2) 2(0.2) 0(0)
Methicillin-resistant Staphylococcus 2(02) 2(02) 0(0)
aureus
Other pathogens* 8(0.7) 6(0.6) 2(1.1)
Atypical pathogens™ 39(3.4) 20(2.1) 19 (10.6)
Chlamydophila pneumoniae 23(2.0) 13(1.4) 10 (5.6)
Mycoplasma pneumoniae 12 (1.1) 7(0.7) 5(2.7)
Legionella pneumophila 2(0.2) 0(0) 2(1.1)
Chlamydophila psittaci 2(0.2) 0(0) 2(1.1)
Unknown 641 (56.7) 535 (56.2) 106 (59.2)

Table 3. Etiology of pneumonia in 3-lactam monotherapy and azithromycin combination therapy. "There were
67 patients with multiple etiologies; therefore, the sum of the infection rates is over 100%. *The other pathogens
included influenza virus (2), Actinomyces spp. (1), Citrobacter koseri (1), Enterobacter aerogenes (1), Kocuria
kristinae (1), Proteus mirabilis (1), and Veillonella spp. (1). SThe atypical pathogens included Chlamydophila
pneumoniae, Mycoplasma pneumoniae, Legionella pneumophila and Chlamydophila psittaci.

The superiority of the IDSA/ATS minor criteria over the CURB-65 and PSI in identifying patients who may
benefit from azithromycin combination therapy may have been influenced by the differences in each assessment
item among the severity scores. In 2016, sepsis was defined as a life-threatening organ dysfunction caused by a
dysregulated host response to infection'®. This report showed that organ dysfunction can be identified as an acute
change in the total Sequential Organ Failure Assessment (SOFA) score of >2 points due to infection. The SOFA
score includes six parameters: PaO,/F,0, ratio, platelet count, total bilirubin, mean arterial blood pressure, con-
sciousness disturbance, and creatinine level. Among the six parameters of the SOFA score, four items are included
in the IDSA/ATS minor criteria (i.e., PaO,/F,0, ratio <250, platelet count <100 x 10*/pL, hypotension requiring
aggressive fluid resuscitation, and consciousness disturbance); two items are included in the CURB-65 (i.e., low
blood pressure and consciousness disturbance); and three items are included in the PSI (PaO, < 60, systolic blood
pressure <90, and consciousness disturbance). Among these three pneumonia severity indices, the IDSA/ATS
minor criteria include the most items in the SOFA score and PSI was likely to be influenced by the patient’s age
and comorbidities. According to these points, the IDSA/ATS minor criteria may better reflect the severity of the
infection itself and may therefore be useful in identifying patients who could benefit from azithromycin combi-
nation therapy.

The efficacy of macrolide combination therapy for CAP had been proposed to have three mechanisms, includ-
ing (1) coverage for atypical pathogens, (2) synergistic effect between 3-lactams and macrolides, and (3) immu-
nomodulatory effect. However, a meta-analysis of 28 RCTs showed that empiric atypical coverage did not improve
the prognosis in hospitalized CAP'?, and a previous study reported that there was no synergistic effect in cef-
triaxone and azithromycin combination therapy®. Therefore, although no data from human studies have been
reported, the immunomodulatory effect of macrolides seems to be the most important mechanism of efficacy.
Macrolides such as azithromycin have immunomodulatory effects on host-pathogen interaction, functions of
epithelial and inflammatory cells, improvement of mucociliary clearance, and attenuation of the inflammatory
response*"?2, A recent study by Yoshioka et al.?° reported that ceftriaxone and azithromycin combination therapy
in a mouse model of lethal pneumococcal pneumonia significantly improved the prognosis and suppressed the
expressions of CTLA-4 and PD-1 in T helper and T regulatory cells; they suggested that the survival benefits of
ceftriaxone and azithromycin combination therapy may be through modulation of immune checkpoints.

This study had some limitations. First, it was conducted at a single center in Japan; therefore, the benefit of
azithromycin combination therapy in reducing the mortality of hospitalized patients who satisfied the IDSA/ATS
minor criteria for severe CAP should be confirmed by a multicenter RCT. Nevertheless, compared with many
previous reports, this study had a prospective observational cohort design, was relatively long-term, included a
large number of patients, and excluded possible biases by IPTW analysis. Second, the severe CAP patients who
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30-day mortality n (%) Before IPTW analysis After IPTW analysis
B-lactam Azithromycin
‘hprapy C bination

n=952 therapyn=179 OR (95% CI) Pvalue | OR (95% CI) | Pvalue
All patients 48/952 5/179 0.54 0.198 1.00 1.0
n=1131 (5.0) (2.8) (0.19-1.26) : (0.34-2.96) :
CURB-65
0-2 22/748 3/140 0.72 1.73
n=888 2.9) @1 (0.17-2.12) 0602 | (0.38-7.80) | 0477
3-5 26/204 2/39 0.37 0.49
n=243 (12.7) (5.1) (0.06-1.31) 0.188 (0.10-2.31) 0.366
PSI
I-1I1 6/391 0/85 7.51 x 1078
n=476 (1.5) ©) (NA-4.0x 10%) | 0993 | NA NA
v-v 42/561 5/94 0.69 0.92
n=655 (7.5) (5.3) (0.24-1.65) 0.45 (0.31-2.77) 0.886
IDSA/ATS severe criteria
Non-severe 12/716 4/131 1.85 3.76
n=_3847 (1.7) (3.0) (0.51-5.40) 0.294 (0.94-15.1) 0.062
Severe 36/236 1/48 0.12 0.13
n—284 (15.3) 2.0) 0.007-057) | %038 | (002-099) | 004

Table 4. The 30-day mortality with 3-lactam monotherapy and azithromycin combination therapy in patients
with CAP according to severity assessment. ATS, American Thoracic Society; CAP, community-acquired
pneumonia; CI, confidence interval; CURB-65, confusion, urea >7 mmol/L, respiratory rate >30 breaths/min,
low blood pressure (systolic <90 mmHg or diastolic <60 mmHg), and age >65y; IDSA, Infectious Diseases
Society of America; IPTW, inverse probability of treatment weighting; NA, not available; OR, odds ratio; PSI,
Pneumonia Severity Index.

satisfied the IDSA/ATS minor criteria may have been better admitted to the ICU immediately after diagnosis.
However, the criteria for ICU admission vary among different facilities and countries, according to the medi-
cal circumstances; at our institution, the criteria for ICU admission seemed reasonable. Third, only five patient
deaths occurred within 30 days of admission in the azithromycin combination group; therefore, the results should
be carefully considered. Fourth, although IPT'W analysis can adjust for variables between two groups, we can only
adjust the included variables. Therefore, as stated above, whether azithromycin combination therapy reduces the
mortality of patients with severe pneumonia should be confirmed by a multicenter RCT.

Conclusions

B-lactam and azithromycin combination therapy should be considered for non-ICU hospitalized CAP patients
who meet the IDSA/ATS minor criteria for severe pneumonia. On the other hand, azithromycin combination
therapy might not be necessary for hospitalized patients with mild to moderate CAP. The IDSA/ATS minor
criteria for severe pneumonia might be useful in identifying the patients who would benefit from azithromycin
combination therapy, but an RCT is needed to confirm this finding.

Methods

Study design and setting. This prospective, observational, cohort study enrolled consecutive patients with
CAP hospitalized in the non-ICU ward of Kurashiki Central Hospital between October 2010 and November
2016. CAP was diagnosed based on the IDSA/ATS guidelines' as the presence of at least one of the clinical symp-
toms of cough, sputum, fever, dyspnea, and pleuritic chest pain, plus at least one finding of coarse crackles on
auscultation or elevated inflammatory biomarkers, in addition to a new infiltrate on chest radiography. The exclu-
sion criteria were age <15y, ICU transfer on admission, 3-lactam antibiotics and azithromycin not used as initial
treatment, hospital-acquired pneumonia (caused more than 48 h from admission), and healthcare-associated
pneumonia®. The criteria for healthcare-associated pneumonia are as follows: (1) hospitalization for >2 days in
the preceding 90 days; (2) residence in a nursing home or extended care facility; (3) receiving infusion therapy
including antibiotics; (4) receiving outpatient hemodialysis or peritoneal dialysis within 30 days before admis-
sion; and (5) home wound care.

This study was performed as a clinical study for pneumonia (UMIN000004353) and was approved by the
institutional review board of Kurashiki Central Hospital (approval number 641). This study was also conducted
in accordance with the amended Declaration of Helsinki. Based on the Ethical Guidelines for Medical and Health
Research Involving Human Subjects of the Ministry of Health, Labour and Welfare, the research participants were
notified or the public was made aware of information concerning the research on the Internet. All patients gave
their informed consent to participate in this study by being given opportunities to refuse to participate (opt-out
system).

In all patients, the severity of pneumonia was assessed on admission with the use of the CURB-65 score [con-
fusion, urea >7 mmol/L, respiratory rate >30 breaths/min, low blood pressure (systolic <90 mmHg or diastolic
<60 mmHg), and age >65y]'5, PSI'¢, and IDSA/ATS severe pneumonia criteria’. Patients who meet the major
criteria of the IDSA/ATS for severe pneumonia (i.e., mechanical ventilation with endotracheal intubation and/or

SCIENTIFIC REPORTS |

(2019) 9:18406 | https://doi.org/10.1038/541598-019-54922-4


https://doi.org/10.1038/s41598-019-54922-4

www.nature.com/scientificreports/

septic shock requiring vasopressors) are usually treated in the ICU; therefore, in this study, we adapted the minor
criteria. Patients who fulfilled at least three minor criteria were classified as having severe pneumonia’. We also
defined a CURB-65 score of 3-5 points and PSI classes IV and V as severe pneumonia, and a CURB-65 score of
0-2 points and PSI classes I-1I1 are non-severe pneumonia, in accordance with previous reports">2425,

All patients received antimicrobial agents based on the decision of the attending physician and according
to the CAP guidelines of the Japanese Respiratory Society*. We typically use 3-lactam antibiotics, such as a
B-lactam/3-lactamase inhibitor combination or cephalosporin, as the initial treatment for patients with CAP
hospitalized in the non-ICU ward*. We may use 3-lactam and macrolide combination therapy if the patients are
clinically suspected to have been infected by atypical pathogens. In our hospital, patients who needed mechanical
ventilation and/or vasopressor drugs were basically treated in the ICU. Patients with severe hypoxemia and/or
shock who did not need mechanical ventilation and vasopressor were also treated in the ICU, depending on the
discretion of the attending physician.

Microbiologic examination. To detect the causative microorganisms of CAP, we examined sputum and
blood cultures and collected blood to measure serum antibodies on admission. A bacterial cause was identified if
the following criteria were met: (1) positive sputum culture of more than 14 on a qualitative test or 10° on a quan-
titative test, with significant Gram stain; (2) positive blood culture, excluding bacterial contaminants; (3) positive
pleural fluid culture; (4) positive urinary antigen test for Streptococcus pneumoniae and Legionella pneumophila;
(5) seroconversion or a four-fold increase in the antibodies for Mycoplasma pneumoniae and C. pneumoniae; and
(6) >1:320 on a single particle agglutination antibody test for M. pneumonia (FUJIREBIO; Tokyo, Japan) or >2.0
cutoff index on a C. pneumoniae IgM antibody test (Hitazyme® assay; Hitachi Chemical, Tokyo, Japan).

Outcome. The primary outcome was 30-day in-hospital mortality. We checked all the patients’ charts after
30 days from discharge who were discharged alive within 30 days from admission to see whether they had died
or been readmitted.

Statistical analysis. Continuous variables were expressed as median and interquartile range, and categorical
variables were expressed as counts (percentage). Continuous variables were analyzed using a non-parametric
Mann-Whitney U-test, and categorical variables were assessed using Fisher’s exact test. We analyzed whether
B-lactam and azithromycin combination therapy (azithromycin combination therapy), in comparison with
B-lactam monotherapy, improved the prognosis of mild to severe pneumonia in all patients and in patients
grouped according to the two severity classes (i.e., non-severe and severe) based on the existing severity scor-
ing systems (CURB-65, PSI, and IDSA/ATS severe criteria). For comparison of the 30-day mortality between
B-lactam monotherapy and azithromycin combination therapy, we used propensity score (PS) methods to reduce
biases and the influence of the patients’ characteristics, such as age, comorbidities, and vital signs, laboratory
examinations, and pneumonia severity, on the effects of treatment on outcome. Among the four PS methods,
stratification, matching, weighting, and covariate adjustment®’, IPTW was selected for analysis because it has
been reported to result in a lower mean squared error when estimating treatment effects®®. The PS was estimated
by multivariate logistic regression analysis involving 15 covariates: age, sex, chronic obstructive pulmonary dis-
ease, malignancy, performance status, aspiration pneumonia, systolic blood pressure, respiratory rate, C-reactive
protein, albumin, blood urea nitrogen, platelet, PSI score, CURB-65 class, and IDSA/ATS severe pneumonia
classification. We selected these 15 variables because they were significantly different between the two treatment
groups and have been reported to be prognostic factors!>!%? that can influence the selection of therapy, although
not significantly. We dealt with incorrect standard errors using robust standard errors, and used the R package
‘sandwich’ (version 2.5-0; Vienna, Austria). All statistical tests were two-tailed, a P value of <0.05 was considered
significant. Analyses were performed using R (version 3.0.3).

Data availability
The data sets used and analyzed during the current study are available from the corresponding author upon
reasonable request.

Received: 8 January 2019; Accepted: 21 November 2019;
Published online: 05 December 2019

References

1. Mandell, L. A. et al. Infectious Diseases Society of America/ American Thoracic Society consensus guidelines on the management of
community-acquired pneumonia in adults. Clin Infect Dis 44, S27-S72 (2007).

2. Welte, T., Torres, A. & Nathwani, D. Clinical and economic burden of community-acquired pneumonia among adults in Europe.
Thorax 67,71-79 (2012).

3. Lim, W. S. et al. BTS guidelines for the management of community-acquired pneumonia in adults: update 2009. Thorax 64(Suppl 3),
iii1-55 (2009).

4. Miyashita, N., Matsushima, T. & Oka, M. Japanese Respiratory Society. The JRS guidelines for the management of community-
acquired pneumonia in adults: an update and new recommendations. Intern Med 45, 419-428 (2006).

5. Gleason, P. P,, Meehan, T. P, Fine, . M., Galusha, D. H. & Fine, M. J. Associations between initial antimicrobial therapy and medical
outcomes for hospitalized elderly patients with pneumonia. Arch Intern Med 159, 25622572 (1999).

6. Houck, P. M., MacLehose, R. E, Niederman, M. S., Lowery, ]. K. Empiric antibiotic therapy and mortality among medicare
pneumonia inpatients in 10 western states: 1993, 1995, and 1997. Chest 119, 1420-1426 (2001).

7. Martinez, J. A. et al. Addition of a macrolide to a beta-lactam-based empirical antibiotic regimen is associated with lower in-hospital
mortality for patients with bacteremic pneumococcal pneumonia. Clin Infect Dis 36, 389-395 (2003).

8. Garcia Vazquez, E. et al. Lower mortality among patients with community-acquired pneumonia treated with a macrolide plus beta-
lactam agent versus a beta-lactam agent alone. Eur ] Clin Microbiol Infect Dis 24, 190-195 (2005).

SCIENTIFIC REPORTS |

(2019) 9:18406 | https://doi.org/10.1038/s41598-019-54922-4


https://doi.org/10.1038/s41598-019-54922-4

www.nature.com/scientificreports/

9. Blasi, E. et al. Can CAP guideline adherence improve patient outcome in internal medicine departments? Eur Respir ] 32, 902-910

(2008).

10. Bratzler, D. W., Ma, A. & Nsa, W. Initial antibiotic selection and patient outcomes: observations from the National Pneumonia
Project. Clin Infect Dis 47(Suppl 3), S193-201 (2008).

11. Rodrigo, C., Mckeever, T. M., Woodhead, M. & Lin, W. S. British Thoracic Society. Single versus combination antibiotic therapy in
adults hospitalised with community acquired pneumonia. Thorax 68, 493-495 (2013).

12. Garin, N. et al. 3-Lactam monotherapy vs. 3-lactam-macrolide combination treatment in moderately severe community-acquired
pneumonia: a randomized noninferiority trial. JAMA Intern Med 174, 1894-1901 (2014).

13. Postma, D. F. et al. Antibiotic treatment strategies for community-acquired pneumonia in adults. N Engl ] Med 372, 1312-1323
(2015).

14. Horita, N. et al. Beta-lactam plus macrolides or beta-lactam alone for community-acquired pneumonia: a systematic review and
meta-analysis. Respirology 21, 1193-1200 (2016).

15. Lim, W. S. et al. Defining community-acquired pneumonia severity on presentation to hospital: an international derivation and
validation study. Thorax 58, 377-382 (2003).

16. Fine, M. J. et al. A prediction rule to identify low-risk patients with community-acquired pneumonia. N Engl ] Med 336, 243-250
(1997).

17. Nie, W,, Li, B. & Xiu, Q. 3-Lactam/macrolide dual therapy versus 3-lactam monotherapy for the treatment of community-acquired
pneumonia in adults: a systematic review and meta-analysis. ] Antimicrob Chemother 69, 1441-1446 (2014).

18. Singer, M. et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA 315, 801-810 (2016).

19. Robenshtok, E. et al. Empirical antibiotic coverage of atypical pathogens for community-acquired pneumonia in hospitalized adults.
Cochrane Database Syst Rev 23, CD004418 (2008).

20. Yoshioka, D. et al. Efficacy of 3-lactam plus macrolide combination therapy in a mouse model of lethal pneumococcal pneumonia.
Antimicrob Agents Chemother 60, 6146-6154 (2016).

21. Kovaleva, A. et al. Inmunomodulatory effects of macrolides during community-acquired pneumonia: a literature review. J
Antimicrob Chemother 67, 530-540 (2012).

22. O’Brien, M. E., Restrepo, M. I. & Martin-Loeches, I. Update on the combination effect of macrolide antibiotics in community-
acquired pneumonia. Respir Investig 53, 201-209 (2015).

23. American Thoracic Society. Infectious Diseases Society of America. Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and healthcare-associated pneumonia. Am ] Respir Crit Care Med 171, 388-416 (2005).

24. Chalmers, J. D. et al. Severity assessment tools for predicting mortality in hospitalized patients with community-acquired
pneumonia. Systematic review and meta-analysis. Thorax 65, 878-883 (2010).

25. Loke, Y. K. et al. Value of severity scales in predicting mortality from community-acquired pneumonia: systematic review and meta-
analysis. Thorax 65, 884-890 (2010).

26. Ito, A. et al. Prognostic factors in hospitalized community-acquired pneumonia: a retrospective study of a prospective observational
cohort. BMC Pulm Med 17,78 (2017).

27. Austin, P. C. An introduction to propensity score methods for reducing the effects of confounding in observational studies. Multivar
Behav Res 46, 399-424 (2011).

28. Austin, P. C. The performance of different propensity score methods for estimating marginal hazard ratios. Statist Med 32,
2837-2849 (2013).

29. Vestbo, J. et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease: GOLD
executive summary. Am ] Respir Crit Care Med 187, 347-365 (2013).

30. Oken, M. M. et al. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am ] Clin Oncol 5, 649-655 (1982).

Acknowledgements
The authors would like to thank all their colleagues who recruited and treated the patients with CAP.

Author contributions

AL served as the principal author, had full access to all data in the study, and takes responsibility for the integrity
and accuracy of the data and data analysis. A.L, T.I,, H.T. and H.T. contributed to the study conception and
design; A.IL, TI, H.T.,, A.Y. and Y.W. contributed to the acquisition of the data; A.I,, T.I, H.T. and H.T. contributed
to the analysis and interpretation of the data; A.L, T.I, H.T., H.T., A.Y. and Y.W. contributed to the drafting and
revision of the manuscript and the approval of the final version to be submitted for consideration for publication.

Competing interests
Tadashi Ishida has received honoraria from MSD K.K. The other authors have no conflict of interest to disclose.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-54922-4.

Correspondence and requests for materials should be addressed to A.L
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

v License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2019

SCIENTIFIC REPORTS |

(2019) 9:18406 | https://doi.org/10.1038/541598-019-54922-4


https://doi.org/10.1038/s41598-019-54922-4
https://doi.org/10.1038/s41598-019-54922-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Azithromycin combination therapy for community-acquired pneumonia: propensity score analysis

	Results

	Patients’ characteristics. 
	Etiology of pneumonia. 
	Outcome. 
	Outcome after adjustment by inverse probability of treatment weighting (IPTW) analysis. 

	Discussion

	Conclusions

	Methods

	Study design and setting. 
	Microbiologic examination. 
	Outcome. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Study flowchart.
	Table 1 Characteristics of patients with community-acquired pneumonia.
	Table 2 Antimicrobial agents in β-lactam monotherapy and azithromycin combination therapy.
	Table 3 Etiology of pneumonia in β-lactam monotherapy and azithromycin combination therapy.
	Table 4 The 30-day mortality with β-lactam monotherapy and azithromycin combination therapy in patients with CAP according to severity assessment.




