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Abstract. The present study was planned to investigate the 
characteristics of nosocomial infection and its effects on the 
survival in advanced non-small cell lung cancer (NSCLC) 
patients. Retrospective analysis was performed for the 
169  chemotherapy patients with NSCLC and nosocomial 
infection during hospitalization in Binzhou City Central 
Hospital from March,  2013 to January,  2015. In addi-
tion, 170 patients without nosocomial infection were also 
involved as a control group. The distribution of major drug 
resistance of Gram‑negative  (G-) and Gram-positive  (G+) 
were analyzed. The survival conditions of the patients were 
analyzed according to the nosocomial infection occurrence. 
The risk factors of nosocomial infection in patients with 
NSCLC were analyzed by univariate and multivariate logistic 
analysis. The percentage of G+ infection was 45.6% while 
G- infection was 54.4%. Nosocomial infections were most 
common in respiratory system. The median survival time 
of the observation group was shorter than that of the control 
group (P<0.05). G- infection was the most common type of 
infection in nosocomial infection of the patients with NSCLC. 
The occurrence of infection seriously affected the survival 
time of patients. Attention is required to the patients older 
than 60 years undergoing treatment with glucocorticoids as 
well as immunosuppressive agents.

Introduction

Lung cancer involves malignant tumors with highest morbidity 
and mortality rates thought the world. Further, rising levels of 

environmental pollution and the effects of smog on respiratory 
system could not be underestimated, especially in China (1,2). 
The incidence of lung cancer in the next few decades is 
expected to further rise (3). According to pathological clas-
sification, lung cancer could be divided into small cell lung 
cancer and non-small cell lung cancer (NSCLC). NSCLC 
accounts for more than 80% of cases. Also, more than 2/3 
of NSCLC patients are diagnosed at advanced stage. So, the 
diagnostics are poor and the 5-year survival rate of this disease 
is extremely low (4).

Previous studies have confirmed that lung infection due to 
nosocomial infection is a common cause of death in patients 
with advanced lung cancer. The antibiotic-based treatment is 
the main treatment approach for the lung cancer patients with 
pulmonary infection (5). The effect of conventional antibiotic 
treatment is limited with the emergence of drug resistance. 
So, it would be of significant value to understand the distribu-
tion of drug resistance in patients with advanced lung cancer. 
This approach could further improve the treatment effect and 
extend their survival time (6). The present study summarized 
the characteristics of nosocomial infection in chemotherapy 
patients with advanced NSCLS. We also discussed the impact 
of nosocomial infection on the survival of patients.

Materials and methods

General information. Retrospective analysis was used to 
analyze the information of the 169 chemotherapy patients with 
NSCLC and nosocomial infection during hospitalization; 170 
patients without nosocomial infection were also involved as a 
control group. All the patients were diagnosed as non-small 
cell lung cancer by fiberoptic bronchoscopy and biopsy. All the 
patients in observation group had nosocomial infection. There 
were 126 males and 44 females in the observation group. The 
ages ranged from 45 to 70 with a mean age of 61±1.0 years. 
The duration of disease ranged from 3 months to 2 years with 
a mean value of 5.1±0.2 months. Other clinical data of the 
patients in observation group included length of hospitaliza-
tion, invasive operation, combination of two or more medical 
diseases, the use of prophylactic antibiotics, use of gluco-
corticoids and immunosuppressive agents. The patients with 
immune system disease and the patients who were combined 
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with malignant tumors were excluded. The study obtained 
approval from the Ethics Committee of Binzhou City Central 
Hospital and all the participants signed the informed consent 
before enrollment.

Observation indicators. The distribution of pathogens in 
nosocomial infection in patients with advanced NSCLC 
was statistically analyzed. The distribution of major drug 
resistance of Gram-negative  (G-) and Gram-positive  (G+) 
were analyzed. The survival conditions of the patients were 
studied. The risk factors of nosocomial infection in patients 
with NSCLC were analyzed by univariate and multivariate 
logistic analyses.

Bacterial culture and species identification. According to 
the ‘National Clinical Laboratory Procedures’, routine testing 
methods were utilized. Drug susceptibility test was performed 
by paper diffusion method (K-B method). CLSI 2008-2010 
operation procedures and result evaluation standards were 
used. Columbia blood plate, MH plates, identifying culture 
medium and drug sensitive slips were provided by the Oxoid 
(London, UK). The quality control strains viz. Staphylococcus 
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853 
and Escherichia coli ATCC 25922 were provided by provin-
cial CDC clinical laboratory test center. The KB method is 
mainly used for the detection of ampicillin, cefotaxime, 
cefepime, ceftazidime, imipenem, clindamycin, vancomycin, 
erythromycin, roxithromycin, gentamicin and amikacin. 
The corresponding biological reagents were procured 
from Hangzhou Tianhe Microoragnism Reagents Co., Ltd. 
(Hangzhou, China). MH agar plates were stored at 4˚C before 
use. Technicians with >5 years laboratory experience had 
performed all operations in strict accordance with the instruc-
tions.

Survey methods. The investigators were trained in a unified 
manner. The informed consent of the respondents was 
obtained. The investigators were familiar with the contents of 
the questionnaire and solutions to the frequently asked ques-
tions. Reliability coefficient was applied with values ranged 
from 0 to 1. The reliability of this study was 0.996. Two tests 
were performed using the same questionnaire on all subjects 
with an interval of 30 days to obtain the stability coefficient.

Statistical analysis. SPSS 21.0 software was utilized for 
statistical analyses (IBM, Armonk, NY, USA). The data were 
expressed as mean ± standard deviation. The t-test was used to 
compare the mean of the two groups. The χ2 test was used to 
compare the rates of the two groups. The univariate and multi-
variate logistic regression analysis was used for the analysis 
of correlation between the factors and the disease. P<0.05 was 
considered as statistically significant.

Results

The distribution of pathogens in nosocomial infection in 
chemotherapy patients with advanced NSCLC. G+ infec-
tion accounted for 45.6% cases. Staphylococcus aureus and 
coagulase-negative staphylococci were the most common 
species. The proportion of G- infection was 54.4%, of which 

Pseudomonas aeruginosa and Klebsiella pneumoniae were 
most common (Table I).

The main drug resistance distribution of G-. The most common 
drug-resistant antibiotics for Pseudomonas aeruginosa were 
sulfamethoxazole, ciprofloxacin and cefotaxime, while the 
most common drug-resistant antibiotics for Klebsiella pneu-
moniae infection were sulfonamides and gentamicin (Table II).

The main drug resistance distribution of G+. The most 
common drug-resistant antibiotics for Staphylococcus aureus 
were penicillin G, ampicillin and sulfamethoxazole, while the 
most common drug-resistant antibiotics for coagulase-negative 
staphylococci were penicillin G, ampicillin and sulfamethoxa-
zole. Both of the G+ bacteria were sensitive to vancomycin 
and teicoplanin, and even more sensitive to imipenem or 
meropenem (Table III).

Table I. The distribution of pathogens in nosocomial infection 
in chemotherapy patients with advanced NSCLC.

	 No. of	 Proportion
Pathogen species	 strains (n)	 (%)

G+		  45.6
Staphylococcus aureus	 41	 24.3
Coagulase-negative	 36	 21.3
Staphylococcus

G-		  54.4
Pseudomonas aeruginosa	 27	 16.0
Klebsiella pneumoniae	 23	 13.6
Escherichia coli	 19	 11.2
Enterobacter cloacae	 14	 8.3
Enterobacter aerogenes	 9	 5.3

G+, Gram-positive; G-, Gram‑negative; NSCLC, non-small cell lung 
cancer.

Table II. The main drug resistance distribution of G- [n (%)].

	 Pseudomonas	 Klebsiella
	 aeruginosa	 pneumoniae
Antibiotics	 (n=27)	 (n=23)

Cefotaxime	 13 (48.1)	 5 (21.7)
Cefepime	 9 (33.3)	 6 (26.1)
Ceftazidime	 9 (33.3)	 6 (26.1)
Amikacin	 6 (22.2)	 4 (17.4)
Ciprofloxacin	 15 (55.6)	 5 (21.7)
Levofloxacin	 7 (25.9)	 6 (26.1)
Imipenem	 7 (25.9)	 0 (0)
Meropenem	 6 (22.2)	 0 (0)
Sulfamethoxazole	 16 (59.3)	 11 (47.8)
Gentamicin	 12 (44.4)	 9 (39.1)

G-, Gram‑negative.
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The characteristics of distribution of nosocomial infection 
sites. Nosocomial infections were most commonly found in 
respiratory system followed by the urinary system and digestive 
system, infections in skin, soft tissue and other parts (such as 
intracranial infection and intra-articular infection) (Table IV).

Comparison of the survival conditions between observation 
group and control group. The median survival time of the 
observation group was 5.1±0.3 months, while the median 
survival time of the control group was 8.5±0.6  months. 
Therefore, the median survival time of the observation 
group was significantly shorter than that of the control group 
(t=65.928, P<0.05) (Fig. 1). The median survival time of the 
observation group was 5.1±0.3 months, while the median 
survival time of the control group was 8.5±0.6  months. 
So, the median survival time of the observation group was 
significantly shorter than that of the control group (t=65.928, 
P<0.05).

Analyses of risk factors of nosocomial infection in patients 
with advanced with NSCLC. Invasive operation, combination 
of two or more diseases, the use of glucocorticoids and immu-
nosuppressive agents in the course of treatment were observed 

Figure 1. The characteristics of distribution of nosocomial infection sites.

Table IV. The characteristics of distribution of nosocomial 
infection sites.

	 Infection cases	 Infection rate 
Infection sites	 (case)	 (%)

Respiratory system	 102	 60.4
Digestive system	 35	 20.7
Urinary system	 51	 30.2
Blood system	 21	 12.4
Skin and soft tissue	 10	 5.9
Other parts	 3	 1.8

Table III. The main drug resistance distribution of G+ [n (%)].

		  Coagulase-
	 Staphylococcus	 negative
	 aureus	 staphylococci
Antibiotics	 (n=41)	 (n=36)

Penicillin G	 40 (97.6)	 35 (97.2)
Ampicillin	 39 (95.1)	 34 (94.4)
Erythromycin	 18 (43.9)	 11 (30.6)
Roxithromycin	 19 (46.3)	 9 (25.0)
Vancomycin	 0 (0)	 0 (0)
Teicoplanin	 0 (0)	 0 (0)
Sulfamethoxazole	 23 (56.1)	 20 (55.6)
Gentamicin	 12 (29.3)	 11 (30.6)
Ciprofloxacin	 11 (26.8)	 16 (44.4)
Levofloxacin	 17 (41.5)	 13 (36.1)

G+, Gram-positive.

Table V. Analysis of risk factors of nosocomial infection in 
patients with advanced NSCLC.

Risk factors	 Cases	 Infection rate (%)

Sex
  Male	 125	 74.0
  Female	 44	 26.0

Age (years)
  ≥60	 100	 59.2
  <60	 69	 40.8

Length of hospitalization
  ≥30 days	 95	 65.1
  <30 days	 74	 34.9

Invasive operation
  Yes	 115	 68.0
  No	 54	 32.0

Combination of two or
more medical diseases
  Yes	 100	 59.2
  No	 69	 40.8

Preventive use of
antimicrobial agents
  Yes	 75	 44.4
  No	 94	 55.6

Use of glucocorticoids
  Yes	 123	 72.8
  No	 46	 27.2

Use of immunosuppressive
agents
  Yes	 111	 65.7
  No	 58	 34.3

NSCLC, non-small cell lung cancer.
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commonly for NSCLC patients who were older than 60 years 
and have been hospitalized for 30 days or more (Table V).

Multivariate logistic analysis of nosocomial infection in 
patients with advanced NSCLC. Multivariate regression 
analysis showed that age over 60 years, invasive operation, 
combination of two or more diseases, the use of glucocorti-
coids and immunosuppressive agents were independent risk 
factors for nosocomial infection in patients with advanced 
NSCLC (Table VI).

Discussion

The concurrent chemo-radiotherapy is the main clinical treat-
ment method for elderly patients with advanced lung cancer. 
However, cancer therapies result in reduced tolerance and 
immune capacity in patients (7,8). This compromised immune 
capacity resulted in high chances of nosocomial infection. In 
addition, lung cancer is usually combined with a variety of 
medical diseases. In elderly patients, the organ dysfunction 
and decreased immunity made them prone to various compli-
cations (9). The infection is extremely harmful for patients and 
could even lead to death. Previous studies have confirmed that 
nosocomial infection has become a serious threat to patients 
with advanced NSCLC leading to death (10). Therefore, the 
infection in these patients due to long-term chemo-radio-
therapy is a difficult problem for the clinicians to solve. The 
aim of the present study was to analyze the characteristics of 
nosocomial infection and its impact on the survival of patients 
with advanced NSCLC during chemotherapy.

In the present study, pathogens of nosocomial infection 
have shown that G- infection is the main type of infection. 
Further, the mechanism of the emergency of drug resistance 
of Pseudomonas aeruginosa is complex. It could be explained 
by the ability of Pseudomonas aeruginosa to colonize with 
high variability (11). While the Klebsiella pneumoniae is a 
common extended-spectrum β-lactamases  (ESBLs) strain, 
the gene of lactamases is the main cause of drug resistance. 
Klebsiella pneumoniae could produce lactamases for plasmid 
binding and transduction, which led to the emergency of drug 
resistance (12). This study found that the G- Klebsiella pneu-
moniae and Pseudomonas aeruginosa were highly sensitive 
to imipenem and meropenem. Infection may not be effectively 

controlled in G- infected patients with advanced NSCLC 
but it could lead to serious consequences. So imipenem 
or meropenem could be considered for early treatment of 
the above patients. G+ infection is sensitive to vancomycin 
and teicoplanin. Thus, imipenem or meropenem could be 
considered for the early treatment of G+ infected patients with 
advanced NSCLC.

The increased causes of respiratory infection may be due 
to the special anatomical structure of the respiratory system, 
the location of primary lesions and the use of ventilator 
treatment. Collectively this made the nosocomial infection 
pathogens penetration easier into the body through the 
respiratory tract. In addition, urinary tract infection may 
be related to the indwelling catheter in patients (13), long-
term bed rest, prostatitis in elderly male patients  (14,15) 
and reproductive system inflammation in elderly female 
patients (16,17). Gastrointestinal infections may be related 
to toxic side effects of chemotherapy, especially myelosup-
pression  (18). The occurrence of nosocomial infections, 
regardless of the infection site, severity, affected the quality 
of life in the form of reduced body rehabilitation ability and 
less outdoor activities.

Our study on risk factors related to nosocomial infection in 
patients older than 60 years has shown that self-management 
ability, immunity capacity, bone marrow hematopoietic func-
tion and nutritional status were gradually decreased. Especially 
the combination of more than two kinds of medical diseases 
could significantly reduce the body anti-infective ability. So, 
toxic effects of radiotherapy and chemotherapy become more 
prominent causing increased incidence of nosocomial infec-
tion (19-21). Invasive operation itself is the source of iatrogenic 
infection. The implementation of persistent thoracic drainage 
on the patients with severe pleural effusion could lead to 
the loss of albumin leading to decline in immune capacity. 
Prolonged treatment with indwelling drainage and retrograde 
injection are other factors responsible for nosocomial infec-
tion. The use of glucocorticoids and immunosuppressive 
agents could significantly inhibit the body's immune capacity 
leading to nosocomial infection.

In conclusion, G- infection is the dominant type of nosoco-
mial infection in patients with advanced NSCLC. G- infection, 
in respiratory system is sensitive to imipenem or meropenem 
and the infection seriously affect the survival of patients.

Table VI. Multivariate logistic analysis of nosocomial infection in patients with advanced NSCLC.

	 Partial regression	 Standard
Independent risk factors	 coefficient	 error	 P-value	 OR value	 χ2 value

Age over 60 years	 0.321	 0.203	 0.012	 1.025	 6.361
Invasive operation	 0.565	 0.256	 0.002	 0.785	 10.253
Combination of two or more medical diseases	 0.296	 0.134	 0.032	 1.323	 4.377
Preventive use of antimicrobial agents	 -0.326	 0.135	 0.004	 0.811	 6.581
Use of glucocorticoids	 0.409	 0.158	 0.003	 0.623	 8.956
Use of immunosuppressive agents	 0.713	 0.135	 <0.05	 2.305	 21.309

NSCLC, non-small cell lung cancer. 
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