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ABSTRACT

Background and Objectives: We compared two common antibiotic regimens for the treatment of mild to moderate CAP:

levofloxacin versus p-lactam and macrolide combination; in terms of their efficacy and side effects.

Materials and Methods: Patients with mild to moderate CAP were randomized into two groups. Group | received a combi-
nation of 1 gram ceftriaxone daily and 500 mg azithromycin daily for 5-7 days. Group Il received levofloxacin 750 mg daily
for five days. The signs and symptoms, hospitalization length, and the side effects were investigated.

Results: There were 77 and 74 patients in groups | and 11. The vital signs of group Il were significantly better on the 3 day
of admission, except for the temperature (P=0.09). The O, saturation of group Il was markedly improved on the 5" day of

admission (P=0.0061). In terms of clinical symptoms and hospitalization length, group 11 was considerably better. However,

the rate of side effects in both groups was similar (P=0.885).

Conclusion: Hospitalized patients with mild to moderate CAP might take more advantage of fluoroquinolone administra-
tion. It could improve the patients' signs and symptoms and reduce hospitalization length, compared with the combination of
macrolide and cephalosporin, with the same rate of side effects.

Keywords: Pneumonia; Community-acquired infections; Anti-bacterial agents; Levofloxacin; Ceftriaxone; Macrolides;
Clinical trial

INTRODUCTION

One of the most common respiratory diseases with
potentially serious side effects is community-ac-
quired pneumonia (CAP), which its annual preva-
lence in developed countries varies from 1.6-16 cas-
es per 1000 (1, 2). Although a couple of antibiotic
regimens are suggested for its treatment, it remains

one of the leading causes of death from infectious
diseases and is associated with considerable morbid-
ity, mortality, and related costs. About 20% of the
patients diagnosed with CAP will require hospital-
ization, and the rest will be treated in the outpatient
setting (3-5). Following the diagnosis, an appropri-
ate and fast initiation of antibiotic therapy is vital to
properly manage and cure the patients (6). However,
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several factors could influence antibiotic selection,
including drug resistance, numerous choices, route
of consumption, long period of definite microbiolog-
ical diagnosis, and side effects (6, 7). Considering
both side effects and treatment failure, choosing the
most appropriate drug regimen would prevent the
costs and burdens of the disease on patients and the
health systems (4).

The most recent guidelines suggest oral macrolide
and beta-lactam/macrolide or a fluoroquinolone in
the outpatient setting for patients with and without
comorbidities and risk factors, respectively (7, 8).
Although fluoroquinolone has been shown less treat-
ment failure, it is associated with a range of side ef-
fects on muscles, tendons, joints, nerves, and central
nervous system, in addition to QT prolongation (9,
10). Patients usually receive respiratory fluoroquino-
lones, such as levofloxacin or intravenous beta-lact-
am /macrolide in the inpatient setting. Notably, in the
ward-based treatment, they are typically treated with
either levofloxacin (750 mg) or azithromycin (500
mg) combined with ceftriaxone (1 g) (7, 11).

Macrolide resistance has been reported in over
25% of the cases (12). Moreover, the antimicrobial
susceptibility testing of previous surveys in the re-
gion of this study, Tehran, showed that most of the
isolates from nasopharyngeal specimens of health-
care workers were susceptible to levofloxacin (13).
In another study, most Acinetobacter baumannii and
Pseudomonas aeruginosa were resistant to ceftriax-
one, and P. aeruginosa was found to have low re-
sistance-level to levofloxacin and ciprofloxacin (14).
Regarding S. pneumoniae resistance, the susceptibil-
ity of the bacteria to the erythromycin, ceftriaxone,
and levofloxacin were 23.8%, 90.4%, and 95.3%, re-
spectively, in a previous study from Tehran (15). All
the mentioned survey results favor a low resistance
level to levofloxacin compared with the others.

Developing a better understanding of the side ef-
fects, treatment guidelines, and the drugs' costs will
improve our comprehension of the trade-offs associ-
ated with current treatments. As the drug resistance
depends on the region, it is essential to investigate
the efficacy of antibiotics for different diseases or or-
ganisms in each area. Here, we have investigated the
efficacy, and side effects of two standard drug regi-
mens, respiratory fluoroquinolone versus macrolide
and beta-lactam, in patients admitted to the hospital
with mild to moderate CAP.
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MATERIALS AND METHODS

This prospective parallel clinical trial was carried
out on patients with community-acquired pneumonia
(CAP) admitted to the Labbafinejad hospital from
March 2019 to October 2020. Patients were random-
ized into two groups using a randomized block table
to receive either ceftriaxone + macrolide or levo-
floxacin. The participants of both groups have been
matched in terms of age, sex, and comorbidities such
as hypertension (HTN), asthma, chronic obstructive
pulmonary diseases (COPD), congestive heart failure
(CHF), ischemic heart disease (IHD), and diabetes.
Patients in arm | received the combination of ceftri-
axone (third-generation cephalosporin) 1 gram daily
intravenously and tablets of azithromycin (macrolide)
500 mg once daily for 5-7 days; arm 1l received levo-
floxacin (Tavanex) 750 mg orally once daily for total
five days. All the patients were hospitalized during
the trial.

Patients diagnosed with CAP (new infiltrates on a
chest radiograph, in addition to two or more of the
following symptoms: fever, pleuritic chest pain, dys-
pnea, leukocytosis, new-onset or exacerbated cough
with or without sputum, and abnormal respirato-
ry sound) were enrolled. In the following, patients
whose severity of their disease was defined as mild to
moderate based on the APACHE 11 score system were
included in the study (16). Exclusion criteria were:
infection with microorganisms resistant to the regi-
mens used in this study, patients with cystic fibrosis,
evidence in favor of empyema in the patient's radiog-
raphy images, HIV/AIDS, patients with nosocomial
pneumonia, a history of seizure, severe mental disor-
ders, a history of allergy to drugs used in the study,
pregnant or lactating woman, severe renal disease
(creatinine clearance <30 mL/min), and a history of
taking antibiotics in the last three months.

Patients were evaluated on the first, third, and fifth
day of admission. To assess the efficacy of each regi-
men, we have followed the regression of the patients'
clinical parameters (such as vital signs), duration of
hospitalization, and the drugs' side effects and com-
plications.

Evaluation indicators were as follows:

1. Changes in clinical signs and symptoms
(improvement of vital signs, presence or absence of
the cough and sputum),

2. Duration of hospitalization,
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3. Safety profile (side effects) of all patients
who received at least two doses of the drugs. (They
have evaluated for side effects, such as skin, gastroin-
testinal, allergic, central nervous system, etc.)

SPSS 25.0v performed the data analysis, and the
significance level was considered 0.05 (2-tailed). All
data are presented as frequency (percentage) or mean
+ standard deviation (SD). Student t-test and Chi-
Square test used to compare the groups.

The Ethics Committee approved the study of Shahid
Beheshti University of Medical Sciences (ID: IR.SB-
MU.MSP.REC.1395.292). Written informed consent
was obtained from all participants before the study.
Confidentiality of patients' data was maintained. Pa-
tients could exclude from the analysis whenever they
want. Besides, the drugs would be discontinued by
any side effects or complications that required inter-
vention.

RESULTS

During the study, 192 individuals were candidates
for enrollment, and after assessing the inclusion and
exclusion criteria, 160 patients were randomized. Fi-
nally, 77 individuals in group | and 74 individuals in
group Il continued to meet the requirements until the
end of the study. The Consort Flow Diagram depicts
the different stages of the clinical trial (Fig. 1).

Eventually, 151 patients were evaluated, 77 indi-
viduals (55.8% male) received ceftriaxone and azith-
romycin, and 74 (50% male) patients administrated
levofloxacin. The mean age of the participants was
49.22 + 7.51 and 51.04 £ 6.56 in groups | and I, re-
spectively (P=0.115). 16 (20.7%) and 13 (17.5%) indi-
viduals were smokers among participants in groups |
and I1, respectively (P=0.674). Patients were matched
in terms of sex, smoking, and past medical history.
The patients in groups | and 1l not differed in terms of
comorbidities (P>0.05). Moreover, the patients' vital
signs in both groups have no observable differences.
The baseline characteristics of patients are depicted in
Table 1.

Patients were evaluated on the third day of admis-
sion. The results show that the respiratory rate and
0O, saturation differed significantly among the groups
(P=0.001 and <0.0001, respectively). According to
the lower respiratory rate and higher O, saturation
observed in group I, patients receiving levofloxacin
had a better clinical condition on 3" day of admission.
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However, the temperature of the patients not differed
(P=0.09). Patients have been evaluated on the 5" day
of admission similarly. As it is depicted in Table 2,
the O, saturation of the participants in group Il was
significantly better than in group I; however, the tem-
perature and respiratory rate not differed remarkably
(P= 0.061 and 0.42, respectively). It presents that
levofloxacin could improve the patients' clinical con-
dition in less time than the combination of azithromy-
cin and ceftriaxone.

Regarding patients' symptoms, the sputum of 58 and
69 patients in groups | and 11 was regressed on the 5%
day, and the P-value of 0.004 shows a significant dif-
ference among the groups. In addition to the sputum,
the cough improved in 48 and 60 patients on the 5" of
admission, which favored a better impact of levoflox-
acin than the other regimen (P=0.01). The same re-
sults were observed on the 3 day of admission, which
might favor a better and faster response to therapy in
group Il.

Different side effects have been evaluated in patients
during the treatment. Ten individuals in group | and 11
patients in group 1l complained of various symptoms,
including nausea, skin rash, and headache. Hence,
there was no significant difference in side effects be-
tween groups | and 11 (P=0.885). The average duration
of hospitalization was 6.72 and 5.14 in groups | and |1,
demonstrating a notable difference (P-value <0.001).

DISCUSSION

The current study evaluated two standard antibiotic
regimens prescribed in CAP for patients admitted to
the hospital. Our study demonstrated that hospital-
ized patients with mild to moderate pneumonia might
benefit from respiratory fluoroquinolone compared
to macrolide/beta-lactam. In particular, patients ad-
ministered levofloxacin showed better and faster im-
provement of signs and symptoms (improvement of
vital signs, coughs, and sputum), especially on 3rd
day of admission, and lower duration of hospitaliza-
tion, with the same rate of side effects, compared with
the combination of azithromycin and ceftriaxone. As
one of the most critical and common respiratory dis-
eases, appropriate treatment of community-acquired
pneumonia could reduce the disease's burden on the
community and the patients. Hence, proper antibiotic
selection and initiation, which could improve the pa-
tients' and healthcare systems' outcomes, are subject
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Fig. 1. The CONSORT Flow Diagram of the study

to significant trade-offs. In particular, a regimen as-
sociated with a lower retreatment frequency might be
related to a higher rate of side effects (10).

For both inpatients' and outpatients' settings, the
most common pathogens associated with CAP in-
clude Streptococcus pneumoniae, Hemophilus in-
fluenzae, and Moraxella catarrhalis. Gram-negative
Bacilli, methicillin-resistant Staphylococcus aureus
(MRSA), and viruses are also known to be less com-
mon causes of CAP. Despite the availability of anti-
microbial therapies, the recent emergence of drug-re-
sistant pneumococcal and staphylococcal isolates has
limited the effectiveness of currently available reg-
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Analyzed (n=74)

imens and made the antibiotic resistance study im-
portant and crucial (5).

Streptococcus pneumoniae is a common commen-
sal and opportunistic pathogen. Suspected pneumo-
coccal upper respiratory infections and pneumonia
are often treated with macrolide antibiotics. Macro-
lides are bacteriostatic antibiotics and inhibit protein
synthesis by binding to the 50S ribosomal subunit.
The widespread use of macrolides could be associat-
ed with increased macrolide resistance in S. pneumo-
niae, and the treatment of pneumococcal infections
with macrolides may result in treatment failures (17).
Moreover, macrolide resistance among Streptococ-
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Table 1. Comparing the baseline characteristics of patients in Group | and Group Il

Variables Group | (n=77) Group Il (n=74) P-Value
Gender
Male 43 (55.8%) 37 (50%) 0.424
Female 34 (44.1%) 37 (50%)
Age (Mean) 4922 £751 51.04 £6.56 0.115
Smokers 16 (20.7%) 13 (17.5%) 0.674
Comorbid Diseases
COPD 15 (19.4%) 13 (17.5%) 0.636
HTN 20 (25.9%) 11 (14.8%) 0.20
CHF 8 (10.3%) 5 (6.7%) 0.28
Asthma 13 (16.8%) 15 (20.2%) 0.634
IHD 10 (12.9%) 9 (12.1%) 0.86
DM 15 (19.4%) 13 (17.5%) 0.091
Presenting Vital Signs
Temperature (c) 38.54+1.26 38.46 +1.89 0.05
Respiratory Rate (/min) 26.24 +4.32 25.91+4.18 0.697
Saturation
WO Supplementary O, (%) 87 £5.35 87 £4.89 0.299
With Supplementary O, (%) 95 +6.12 95+4.19

COPD: Chronic Obstructive Pulmonary Disease; HTN: Hypertension; CHF: Congestive Heart Failure; IHD: Ischemic Heart
Disease; DM: Diabetes Mellitus; WO: Without
Data are presented as mean + standard deviation (SD) or frequency (%)

Table 2. Comparing clinical findings of the participants in both groups after initiation of the treatment.

Characteristics Group | (n=77) Group Il (n=74) P-Value
Vital Signs

3" day of admission 37.18 £1.56 37.1+£1.78 0.09
Temperature (c) 2284 +£4.12 21.14 +3.95 0.001
Respiratory Rate (/min) 88 +£3.96 90 £4.25 <0.001
Saturation O, (%)

5th day of admission 36.96 +1.70 36.87 £1.53 0.061
Temperature (c) 17.6 £2.76 18.1+3.1 0.42
Respiratory Rate (/min) 92 +3.80 93 +4.12 0.006
Saturation O, (%)

Symptoms

3 day of admission 19 (24.6%) 41 (55.4%) <0.001
Absence of Sputum 19 (24.6%) 35 (47.2%) 0.003
Improvement of Cough

5" day of admission 58 (75.3%) 69 (93.2%) 0.004
Absence of Sputum 48 (62.3%) 60 (81%) 0.01
Improvement of Cough

Side Effects 10 (12.9%) 11 (14.8%) 0.885
Nausea 3 (3.8%) 5 (6.7%) 0.158
Rash 6 (7.7%) 5 (6.7%)

Headache 0 1 (1.3%)

Others 1 (1.2%) 0

Days of Hospitalization 6.72£3.12 5.14 £ 2.67 <0.001

Data are presented as mean + standard deviation (SD) or frequency (%)
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cus pneumoniae, the most common cause of com-
munity-acquired pneumonia, increases in the United
States. This increasing resistance might turn into a
critical problem in the near future (18). It is notewor-
thy that the risk of antibiotic resistance could be ex-
acerbated by multiple drug class usage, beta-lactam,
and macrolide (19). On the other hand, levofloxacin
belongs to the respiratory fluoroquinolones family
and is considered a broad-spectrum antibiotic. Today,
due to the increased resistance to beta-lactams and
macrolides, their usage has also been recommended.
Levofloxacin is a concentration-dependent antibiot-
ic, and higher doses maximize its bactericidal effects
in a short time. This drug also promotes good tissue
penetration and proper concentration (20-22).

The Infectious Disease Society of America (IDSA)
guidelines recommend doxycycline, macrolides,
or fluoroquinolones as the preferred antimicrobial
agents for empiric therapy of most outpatient CAP
cases. In addition, patients admitted to the general
medical wards with CAP diagnosis could receive ei-
ther monotherapy of respiratory fluoroquinolone or a
combination of a third-generation cephalosporin and
a macrolide (20, 23). Different studies investigated
these two standard regimens. A survey conducted in
the US demonstrated that patients who received levo-
floxacin have lower hospitalization duration, which
is consistent with the current study (24). A couple
of other investigations have approved levofloxacin's
superiority over macrolide/beta-lactam based on
clinical symptoms and duration of stay (25, 26). We
also concluded that the patients who received levo-
floxacin have a faster and more appropriate response
to therapy based on their clinical signs and symp-
toms. Moreover, in previous studies, respiratory flu-
oroquinolones have shown less treatment failure than
beta-lactams (27).

It should be noted that oral levofloxacin is rapid-
ly absorbed and bioequivalent to the intravenous
formulation. The patients can switch between these
formulations, which results in more options for the
therapeutic regimens (28). In a study conducted by
Belforty on the route of fluoroquinolones adminis-
tration in hospitalized patients, oral treatment was
associated with lower mortality rates and shorter
hospital stays. Patients in this group also experienced
fewer changes in treatment regimens. But there was
no significant difference between hospital mortality
and ICU transfer between the groups. Hence, hos-
pitalized patients can be safely treated with an oral

http://ijm.tums.ac.ir

respiratory fluoroquinolone (29). The studies have
shown that the conversion of intravenous drugs to
oral ones decreased the length of hospital stays and
produced significant cost savings, both on medica-
tion and the total inpatient expenditures (30). Eco-
nomic pressures on healthcare delivery have neces-
sitated a focus on reducing costs while maintaining
and improving the quality of care. A growing con-
sensus holds that switching from intravenous to oral
therapy is cost-effective (31, 32); hence, we used oral
fluoroquinolones in our survey.

However, serious side effects of levofloxacin have
been reported (33). Some studies stated that fluoro-
quinolones are more associated with severe side ef-
fects than macrolides and cephalosporins (34). In
this study, the rate of early side effects in both groups
was not significantly different, contrasting with some
other tasks (10, 34). It might be due to the patients'
short follow-up in our study or the differences in flu-
oroquinolone usage (inpatients setting). However,
most previous studies demonstrated the same rate
of side effects in both regimens (35). In the current
study, patients were hospitalized, and we encoun-
tered fewer safety-related issues observed in the
outpatient population. Although, more studies with
higher participants, longer follow-ups, and more in-
dicators are needed to determine fluoroquinolone ef-
fectiveness and side effects accurately.

CONCLUSION

Levofloxacin showed improvement of clinical signs
and symptoms in more patients and in less time,
rather than the combination of azithromycin and cef-
triaxone, with a shorter duration of hospitalization
and the same rate of side effects. Hence, this study
demonstrated that hospitalized patients with mild to
moderate CAP might benefit from respiratory fluoro-
quinolones such as levofloxacin compared with the
combination of beta-lactam and macrolide.
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