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The purpose of this research project was to clarify the influence of Cefoperazone/Sulbactam plus
Azithromycin on the alleviation of serum inflammatory factors and the improvement of pulmonary function
in patients with severe lower respiratory tract infection, aiming at improving the management of patients
with the disease. We first retrospectively analyzed 201 patients with severe lower respiratory tract infection
from May 2019 to May 2021, of which 101 patients (research group) were treated with Cefoperazone/
Sulbactam plus Azithromycin and the remaining 100 patients were treated with Cefoperazone/
Sulbactam (control group). The efficacy, incidence of adverse reactions, bacterial clearance rate, recovery
(hospitalization time, pulmonary infection control time and fever resolution time), inflammatory factors
(interleukin-6, tumor necrosis factor-alpha, thrombocytocrit) and pulmonary function indicators
(peak airway pressure, airway resistance, work of breathing, dynamic compliance) were observed and
compared. The results revealed notably less time of hospitalization, pulmonary infection control and fever
resolution, as well as a statistically higher bacterial clearance rate in research group vs. control group.
After treatment, peak airway pressure, airway resistance and work of breathing were lower while dynamic
compliance was higher in research group compared with control group; interleukin-6, high-sensitivity
C-reactive protein and thrombocytocrit were lower in research group; and the total clinical effective rate
was noticeably higher in research group compared with control group (93.07 % vs. 75.00 %). No evident
difference was observed in total adverse reactions between the two cohorts. Therefore, this paper argues
that Cefoperazone/Sulbactam plus Azithromycin is beneficial to alleviate inflammation and improve the
pulmonary function in patients with severe lower respiratory tract infection, which is worth popularizing.
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Lower Respiratory Tract Infection (LRTT) is a common
infectious disease and the main cause of death from
infectious diseases!!. The disease is mainly caused by
gramnegative/positive bacteria, Chlamydia pneumoniae
and other sensitive bacteria or by microbial infection of
the lower respiratory tract in patients with an infectious
disease!”. Patients will experience pricking pain in
chest, which will lead to obvious symptoms of LRTI
such as dyspnea and expectoration®’. Severe LRTT has
an acute onset and develops rapidly, which can be fatal in
severe cases!¥. Therefore, finding suitable and effective
intervention methods carries huge implications for
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improving the prognosis of patients with severe LRTL.

Sulbactam(SB)isasyntheticandirreversiblecompetitive
Beta (B)-lactamase inhibitor, which has enjoyed good
clinical efficacy since its introduction”. Cefoperazone
(CPZ) is the 3™ generation of cephalosporins, which
has broad spectrum activity against most gram-
negative/positive bacteria and that the combination of
CPZ and SB has obvious synergistic effect!®l. Studies
have shown that CPZ/SB is a combination of broad-
spectrum P-lactam and B-lactamase inhibitors, which
has a wide range of clinical applications, including the
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intervention of upper/lower RTI, urinary tract infection
and peritonitis”. The increasingly serious drug
resistance of gram negative bacilli has led to the need
for more effective clinical treatment. Azithromycin
(AZM) is a macrolide drug that is commonly used to
treat a variety of infections!®. It is used by more than
40 million patients each year due to its antibacterial
activity. AZM is used clinically to intervene in bacterial
infections of the upper respiratory tract and has been
shown to improve Pulmonary Function (PF) in patients
with lung diseases®!.

However, there are currently few studies on CPZ/SB
plus AZM for patients with severe LRTI. Herewith,
this study aims to provide reference for the treatment
of patients with severe LRTI by observing the impacts
of the combined medication on curative effect,
inflammatory factors and PF.

MATERIALS AND METHODS
General data:

The baseline data of 201 patients with severe LRTI from
May 2019 to May 2021 were analyzed retrospectively.
Among them, 101 patients (Research Group (RG))
were treated with CPZ/SB plus AZM and the remaining
100 patients were treated with CPZ/SB (Control Group
(CG)).

Inclusion criteria: Patients in both groups met the
diagnostic criteria of severe LRTI!Y, with stable vital
signs, independent thinking, complete general case
data and no history of allergy to CPZ/SB and AZM.
All participants provided the written informed consent,
after this study was ethically approved by the internal
Ethics Committee.

Exclusion criteria: Patients with abnormal liver,
kidney and hematopoietic function, unconsciousness,
mental illness, multiple organ dysfunction, allergy to
test drugs, severe pulmonary hypertension, atelectasis,
pulmonary edema and against-advice discharge, as well
as dropouts or those who lost to follow up.

Treatment methods:

All patients were treated symptomatically and routinely,
including sputum aspiration and oxygen inhalation. In
CG, 2.0 g CPZ/SB (Pfizer Pharmaceuticals Limited,
Liaoning, China, H10960113) was given intravenously
twice a day. Based on the treatment in CG, AZM (Sunho
Pharmaceutical Co., Ltd., Beijing, China, H20057821)
was additionally given to RG, with intravenous drip
of 500 mg once a day. Patients in both groups were
treated with 10 d as a course of treatment for a total of
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3 courses.
Endpoints:

Recovery: The time of hospitalization, Pulmonary
Infection Control (PIC) and fever resolution after
treatment and intervention was observed.

Bacterial clearance rate: It was divided into clearance
and non-clearance. Morning sputum was collected from
patients for 3 times and for those with endotracheal
intubation, the sputum was obtained through a sterile
sputum suction tank. If there is no growth of pathogenic
bacteria in all specimens collected from the same patient
on the 1'd after treatment, it is considered to be cleared.
On the contrary, if the proto-pathogenic bacteria still
existed in the samples taken on the 1* d after treatment,
it was not cleared.

Respiratory mechanics indexes: Pre-treatment and
post-treatment Peak Airway Pressure (PIP), Airway
Resistance (Raw), Work Of Breathing (WOB) and
Dynamic Compliance (Cdyn) were measured.

Inflammation indexes: Venous blood from elbow
(5 ml) collected 24 h before and after treatment was
centrifuged in a 1500 xg centrifuge at 4° for 10 min
and the resulting serum was stored in a -70° refrigerator
for later use. Enzyme-Linked Immunosorbent Assay
(ELISA)!"Y  detected Interleukin-6 (IL-6), High-
Sensitivity C-Reactive Protein (hs-CRP) and Calcitonin
(PCT), referring to the instructions of IL-6, hs-CRP and
PCT kits (Yipu Biology Co., Ltd., Wuhan, China, YX-
E10140, YX-E11183, YX-E10643).

Clinical efficacy: Clinical efficacy was divided into four
criteria; basically cured, markedly effective, effective
and ineffective. The patient was considered basically
cured if the clinical symptoms and signs disappeared
after treatment and the etiology and laboratory tests were
normal. Markedly effective was indicated if the clinical
symptoms and signs were obviously ameliorated and
the etiology and laboratory examination results were
improved after treatment. Effective corresponded to
alleviated clinical symptoms and signs and relatively
improved etiology and inflammatory examination
results after treatment. And ineffective was considered
if there was no amelioration in the patient’s condition.
Overall response rate was calculated as (markedly
effectiveteffective) cases/total number of casesx100
%.

Adverse reactions: A series of adverse reactions,
including nausea, lethargy, vomiting and headache,
were observed in two cohorts during treatment.
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Statistical methods:

The statistical analysis and plotting of the data employed
Statistical Package for the Social Sciences (SPSS) 21.0
statistical software (SPSS, Inc, Chicago, IL, USA)
and GraphPad Prism6.0 software (GraphPad Software
Inc., SanDiego, CA, USA) respectively. The normal
distribution test was performed using the Shapiro-Wilk
test. Categorical variables were expressed by number
of cases/percentages (n/%); the Chi-square test was
used for comparison between groups and continuous
correction Chi-square test was applied when the
theoretical frequency was less than 5. Mean+Standard
Error of Mean (SEM) was used to represent continuous

variables, which were compared by the independent
sample T test between groups. p<0.05 was regarded as
a difference with statistical significance.

RESULTS AND DISCUSSION

RG and CG were similar in general data such as gender,
age, smoking history, drinking history, hypertension
history, diabetes history, disease type, intubation and
mechanical ventilation, and non-invasive ventilation
(p>0.05) as shown in Table 1.

The time of hospitalization, PIC and fever resolution
was noticeably shorter in RG compared with CG
(p<0.05) as shown in Table 2.

TABLE 1: COMPARISON OF GENERAL DATA BETWEEN TWO GROUPS [n (%)] (MEAN£SD)

Classification Research group (n=101) Control group (n=100) t/ x ? value p value

Gender 0.891 0.345

Male 56 (55.45) 65 (62.00)

Female 45 (44.55) 38 (38.00)

Age (y) 1.145 0.254
41.65+4.05 42.31+4.12

BMI (kg/m?) 1.466 0.144
22.67+2.79 22.09+2.82

History of smoking 1.819 0.177

Yes 67 (66.34) 75 (75.00)

No 34 (33.66) 25 (25.00)

History of drinking 0.398 0.528

Yes 59 (58.42) 54 (54.00)

No 42 (41.58) 46 (46.00)

History of hypertension 0.239 0.625

Yes 61 (60.40) 57 (57.00)

No 40 (39.60) 43 (43.00)

History of diabetes 0.244 0.621

Yes 49 (48.51) 52 (52.00)

No 52 (51.49) 48 (48.00)

History of asthma 0.243 0.622

Yes 35 (34.65) 38 (38.00)

No 66 (65.35) 62 (62.00)

Disease type 0.978 0.613

COPD complicated with infection 37 (36.63) 32 (32.00)

?nrfoerlctri\;ctasm complicated with 29 (28.71) 35 (35.00)

Acute pneumonia 35 (34.65) 33 (33.00)

TABLE 2: COMPARISON OF RECOVERY BETWEEN TWO GROUPS

Hospitalization time Lung infection control

Fever resolution time

Group Number of cases ) time (d) d)
Research group 101 10.05+1.04 6.79+0.72 5.81+0.63
Control group 100 16.68+1.32 11.93+1.25 7.49+0.81
t 39.570 35.770 16.420
p <0.001 <0.001 <0.001
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The bacterial clearance rate after treatment was
evidently higher in RG than in CG (83.33 % vs. 60.29
%, p<0.05) as shown in Table 3.

The pre-treatment respiratory mechanics indexes
differed insignificantly between CG and RG (p>0.05).
After treatment, PIP, Raw and WOB reduced while
Cdyn increased in both cohorts (p<0.05) and the
increase in PIP, Raw and WOB and the decrease in
Cdyn were more evident in RG (p<0.05) as shown in
fig. 1.

Significant difference was absent regarding the pre-

treatment levels of inflammatory factors between
CG and RG (p>0.05). After treatment, IL-6, hs-CRP
and PCT reduced in both cohorts (p<0.05) and the
reductions were more distinct in RG (P<0.05) as shown
in fig. 2.

After treatment, the overall response rate in RG was
93.07 %, a rate markedly higher than 75.00 % in CG
(p<0.05) as shown in Table 4.

No significant difference was observed in the overall
incidence of adverse reactions between RG and CG
(5.94 % vs. 7.00 %, p>0.05) as shown in Table 5.

TABLE 3: COMPARISON OF BACTERIAL CLEARANCE RATE BETWEEN TWO GROUPS

Research group

Control group

Bacteria category

Remove Not cleared Total strains Remove Not cleared Total strains
Acinetobacter 24 3 27 14 10 24
Pseudomonas aeruginosa 9 9 18 6 11 17
Staphylococcus aureus 0 5 1 2 3
S : : : z 1 3
Klebsiella pneumoniae 8 0 8 4 1 5
Citrobacter 2 0 2 4 1 5
Serratia 2 0 2 0 0 0
Proteobacteria 0 0 0 3 0 3
Escherichia coli 5 0 5 5 0 5
Enterobacter cloacae 5 0 5 2 1 3
Total 60 12 72 | 27 68
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Fig. 1: Comparison of respiratory mechanics indexes between two groups, (A) There was no significant difference in PIP between
the two groups before treatment, but in research group was lower than that in the control group after treatment; (B) There was no
significant difference in Raw between the two groups before treatment, but in research group was lower than that in the control
group after treatment; (C) There was no significant difference in WOB between the two groups before treatment, but in research
group was lower than that in the control group after treatment; (D) There was no significant difference in Cdyn between the two
groups before treatment, but in research group was higher than that in the control group after treatment

Note: *p<0.05 vs. before treatment; “p<0.05 between two groups after treatment, (=) Research group; (=) Control group
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Fig. 2: Comparison of inflammatory factors between two groups, (A) There was no significant difference in IL-6 between the two
groups before treatment, but in research group was lower than that in the control group after treatment; (B) There was no signifi-
cant difference in hs-CRP between the two groups before treatment, but in research group was lower than that in the control group
after treatment; (C) There was no significant difference in PCT between the two groups before treatment, but in research group was
lower than that in the control group after treatment

Note: *p<0.05 vs. before treatment; “p<0.05 between the two groups after treatment, (as)Research group; (= )Research group

TABLE 4: COMPARISON OF CLINICAL EFFICACY BETWEEN TWO GROUPS

Group Number of Basically cured Markefily Effective Ineffective Overall
cases effective response rate

Research group 101 27 (26.73) 32 (31.68) 35 (34.65) 7 (6.93) 94 (93.07)
Control group 100 17 (17.00) 28 (28.00) 30 (30.00) 25 (25.00) 75 (75.00)
t - - - - - 12.261
p - - - - - 0.001
TABLE 5: COMPARISON OF TOTAL ADVERSE REACTIONS BETWEEN TWO GROUPS

Number of . " Total
Group cases Diarrhea Nausea Lethargy Vomiting Headache incidence (%)
:fgﬁ;mh 101 0 (0.00) 1(0.99) 1(0.99) 2 (1.98) 2 (1.98) 6 (5.94)
Control group 100 1 (1.00) 2 (2.00) 2 (2.00) 2 (2.00) 0 (0.00) 7 (7.00)
t - 1.015 0.349 0.349 0.001 2.000 0.093
p - 0.314 0.555 0.555 0.992 0.157 0.760
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LRTI is the prime reason for global morbidity and
mortality, especially among young children and the
elderly!?. With trachea, bronchus and lung as the
disease site, LRTI usually shows the presentations of
fever, runny nose and cough!'®¥; and for some, there
will be varying degrees of fatigue and difficulty in
breathing out, which poses a grave threat to patients’
life and work, as well as life safety!!4l. Therefore, it is
of utmost importance to study the disease in depth and
propose scientific and standardized treatment programs
to help patients relieve clinical symptoms control the
progression of the disease and improve the prognosis.

At the present stage, the number of antibacterial drugs
is gradually increasing, with further expanded scope
of clinical application. However, more and more
resistant strains appear, which complicates the patient’s
condition and increases the difficulty of disease
treatment!'”!, In this study, we used CPZ/SB plus AZM
to treat severe LRTI and found that after treatment, the
inflammatory level in patients was markedly reduced
and the PF was greatly improved. In Gao et al.!'® study,
administration of Tanreqing injection combined with
CPZ/SB to patients with chronic bronchial exacerbation
was effective in shortening the duration of symptom
resolution and improving the efficacy of treatment. It
shows that the intervention of CPZ/SB has an effective
effect, while the intervention plus other drugs can
better resolve the clinical symptoms of patients and
get a good prognosis. This study compared patients’
recovery after treatment and found that the hospital
stay, PIC time and fever resolution time of patients in
RG were notably less, suggesting that CPZ/SB plus
AZM was effective in the treatment of severe LRTI
and greatly shortened the treatment course. Severe
LRTI is mostly caused by bacterial infection; However,
clinical abuse of antibiotics is easy to lead to multidrug
resistance symptoms, so CPZ/SB intervention is not
highly sensitive to bacterial'”. Research has shown that
AZM intervention in ventilator associated pneumonia
can suppress the progression of lung inflammation
and improve the efficacy of intervention by reducing
multidrug-resistant Acinetobacter baumannii'®. This
study revealed that the bacterial clearance rates were
83.33 % and 60.29 % in RG and CG respectively,
indicating that the combined treatment intervention can
better remove bacteria in patients, thus improving the
clinical efficacy. Patients with severe LRTI often suffer
from severe respiratory dysfunction!’”. While AZM
has direct activity on airway epithelial cells, which can
maintain their functions and reduce mucus secretion!?”’.
The results of this study identified lower PIP, Raw and
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WOB and higher Cdyn in RG compared with CG,
demonstrating that the combined medication can not
only improve the clearance rate of bacteria in vivo, but
also prevent the disease from worsening and further
damaging respiratory function.

The overinduction of inflammatory response is directly
related to severe complications of viral pneumonia and
respiratory tract infection?!!. According to Mainguy,
AZM is an immunomodulatory antibiotic that can reduce
pulmonary neutropenia and inflammation in asthmatic
patients?, which indicates that AZM can effectively
reduce the inflammatory reaction of infectious patients.
In the study of Lv, giving CPZ/SB plus Tigecycline
to patients with pulmonary infection can effectively
reduce the inflammatory response in patients, thus
obtaining a better prognosis®!. The findings of this
study revealed notably lower IL-6, hs-CRP and PCT in
RG after treatment, which suggested that the combined
medication can effectively reduce the inflammatory
response in patients with severe LRTI, thus playing
an effective role in anti-infection treatment. Dokic
reported that AZM alleviated the clinical symptoms and
improved the PF of asthmatic patients caused by chronic
Chlamydia pneumoniae®. And in the research of Liu
et al®) patients with hospital acquired pneumonia
and health care-related pneumonia were given CPZ/
SB and cefepime alone; They found that there were
fewer adverse events with two different treatments. It
shows that AZM and CPZ/SB have a good effect in
intervening patients with pulmonary infection. In this
study, the overall clinical response rate was 93.07 % in
RG and 75.00 % in CG, with a statistically significant
difference between the two cohorts. In terms of adverse
reactions, no distinct difference was observed. It shows
that the combined medication can effectively improve
the curative effect of patients with no obvious adverse
reaction after intervention.

To sum up, CPZ/SB plus AZM is beneficial to alleviate
the inflammation response and improve the PF of
patients with severe LRTI, which is worth popularizing.
However, there is still room for improvement in this
study. For example, we can supplement the basic
experiments of the therapeutic mechanism of the two
treatment methods and explore the risk factors affecting
the curative effect of patients from the molecular level.
In the future, we will gradually improve the study from
the above perspectives.
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