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Abstract Our objective is to analyze the etiology and
antibiotics resistance rate of multiple drug-resistant bacteria
infection in elderly patients with stroke-associated pneu-
monia from Neurosurgery Department, providing a refer-
ence for clinical treatment. Sputum of 372 elderly patients
with stroke-associated pneumonia (SAP) from Neurosur-
gery Department was collected for sputum culture and drug
sensitivity test, and pathogenic bacteria distribution and
drug resistance rate of antibiotics were discussed. Among
372 pathogenic bacteria, there were 95 cases with Gram-
positive cocci, the percentage was 15.32 %; there were 277
cases with Gram-negative bacilli, the percentage was
59.95 %; there were 54 cases with fungus, the percentage
was 14.51 %; the common Gram-positive cocci included
Staphylococcus aureus, Staphylococcus haemolyticus and
Staphylococcus epidermidis, with percentages of 15.32 %,
2.96 % and 4.30 % respectively; the common Gram-nega-
tive bacilli included Pseudomonas aeruginosa, Escherichia
coli and Klebsiella pneumoniae, with percentages of
23.92 %, 14.25 % and 9.95 % respectively; the highest drug

L. Yan (I)

Department of Neurosurgery, Jilin Center Hospital, No. 4,
Nanjing Street, Chuanying District, Jinlin 132001, China
e-mail: drliuyan01 @163.com

Y. Qing
Department of Stomatology, Jilin Center Hospital,
Jinlin 132001, China

J. Xingyi
Department of Neurosurgery, China-Japan Union Hospital of
Jilin University, Jilin 130000, China

Q. Hongbo
Department of Neurosurgery, Jilin People’s Hospital,
Jilin 132001, China

resistance rates of Staphylococcus aureus were 100.00 % to
penicillin, erythrocin and oxacillin, the highest drug resis-
tance rate of Staphylococcus epidermidis was 87.50 % to
erythrocin, the highest drug resistance rate of Staphylococ-
cus haemolyticus was 100.00 % to penicillin and erythrocin,
the lowest drug resistance rates of three Gram-negative
bacilli were 0 % to teicoplanin and vancomycin; the highest
drug resistance rates of Escherichia coli were 100.00 % to
ceftriaxone and ticarcillin, and the lowest drug resistance
rate was 11.32 % to ciprofloxacin; the highest drug resis-
tance rate of Pseudomonas aeruginosa was 100.00 % to
ceftriaxone, and the lowest drug resistance rate was 22.47 %
to imipenem; the highest drug resistance rate of Klebsiella
pneumoniae was 81.08 % to aztreonam, and the lowest drug
resistance rate was 0.00 % to imipenem. Stroke-associated
pneumonia is common clinically in elderly patients from
Neurology Department, the early-stage and rational use of
antibiotics should be applied according to the etiologic
distribution and drug resistance characteristics. Meanwhile,
prevention measures should be applied.
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Introduction

In recent years, patients in Neurosurgery Depart-
ment, especially elderly patients, are liable to have lung
infection due to the weakened defense function of respi-
ratory tract and reduced immunity [1-3]. The incidence
rate of stroke-associated pneumonia [4-6] is high in
patients from Neurosurgery Department, which prolongs
the hospitalization time and significantly affects the prog-
nosis [7-9] of patients. As the drug resistance [10-13] of
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bacteria becomes more and more serious, the selection of
appropriate antibiotics has been extremely important to
SAP patients. In our study, we aimed to analyze the eti-
ology and clinical treatment of multi-drug resistance bac-
teria infection in elderly patients with SAP from
Neurosurgery Department.

Materials and Methods
General Data

Three hundred and seventy two elderly patients with SAP
admitted in Neurosurgery Department of our hospital
during June, 2010-January, 2014 were selected, including
195 male patients and 177 female patients. The age was
60~ 87, and the average age was 74.2 £ 5.1.

Diagnostic Criteria and Exclusion Criteria
Diagnostic Criteria

All of 372 patients conformed to the related diagnostic
criteria of SAP criteria: 1. There was pathogenic bacteria
growth in sputum culture; 2. There was hemogram change,
the percentage of neutrophils was more than 80 %,
peripheral blood white blood cell count was <4 x 10°/L or
>10 x 10°/L; 3. Patients had fever, with temperature
>38 °C; 4. There were moist rales in lung or there were
signs of pulmonary consolidation, breath sounds were
decreased; 5. Chest imageological examination showed
there was progressive infiltration in lung.

Exclusion Criteria

1. Patients who were not conformed to diagnostic criteria;
2. Patients had lung infection before stroke; 3. Patients who
died or were discharged within 24 hours after admission.

Collection of Samples

Deep sputum [14] of 372 patients was collected and sent to
bacteriology laboratory.

Multi-drug Resistance Bacteria and Drug Resistance

The above collected sputum samples were routinely sepa-
rated, Kirby-Bayer disc diffusion method was used for
drug sensitivity test. Drug-susceptibility disk and antimi-
crobial drug disk [15, 16] were purchased from Oxoid
Limited, the results were determined according to 2010
version criteria made by Clinical and Laboratory Standards
Institute(CLSI), and the drug-resistance was recorded.
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Statistical Analysis

SPSS19.0 was used to analyze the data in our research,
P < 0.05 was considered as statistically significant.

Results

Constituent Ratio of Pathogenic Bacteria Detected
in SAP

Among 372 pathogenic bacteria, there were 95 cases with
Gram-positive cocci, and the percentage was 15.32 %;
there were 277 cases with Gram-negative bacilli, and the
percentage was 59.95 %; there were 54 cases with fungus,
and the percentage was 14.51 %. As shown in Table 1.

The Drug Resistance Rates of Gram-Positive Bacteria
to Antibiotics

The highest drug resistance rates of Staphylococcus aureus
were 100.00 % to penicillin, erythrocin, and oxacillin, the
lowest drug resistance rates were 0 % to teicoplanin and
vancomycin; the highest drug resistance rate of Staphylo-
coccus epidermidis was 87.50 % to erythrocin, the lowest
drug resistance rate was 0 % to teicoplanin and vanco-
mycin; the highest drug resistance rate of Staphylococcus
haemolyticus was 100.00 % to penicillin and erythrocin,
the lowest drug resistance rates was 0 % to teicoplanin and
vancomycin. As shown in Table 2.

Table 1 Constituent ratio of pathogenic bacteria detected in SAP (%)

Pathogenic bacteria Number of cases Percentage
Gram-positive cocci 95 25.54
Staphylococcus aureus 57 15.32
Staphylococcus haemolyticus 11 2.96
Staphylococcus epidermidis 16 4.30
Pneumococcus 5 1.34
Others 6 1.61
Gram-negative bacilli 223 59.95
Escherichia coli 53 14.25
Pseudomonas aeruginosa 89 23.92
Klebsiella pneumoniae 37 9.95
Acinetobacter baumannii 28 7.53
Enterobacter aerogenes 6 1.61
Pseudomonas alcaligenes 5 1.34
Others 5 1.34
Fungus 54 14.51
Total 372 100.00
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Table 2 The drug resistance

aureus (n = 57)

Staphylococcus
epidermidis (n = 16)

Staphylococcus
haemolyticus (n = 11)

] = Antibiotics Staphylococcus

rate of main multi-drug

resistance Gram-positive

bacteria to antibiotics (%) Penicillin 100.00
Erythromycin 100.00
Oxacillin 100.00
Gentamicin 80.70
Ciprofloxacin 100.00
Tetracycline 87.72
Moxifloxacin 52.63
Vancomycin 0
Teicoplanin 0

43.75 100.00
87.50 100.00
50.00 81.82
56.25 90.91
25.00 90.91
25.00 27.27
18.75 18.18

0 0

0 0

Table 3 The drug resistance rate of main multi-drug resistance
Gram-negative bacteria to antibiotics (%)

Antibiotics Escherichia Pseudomonas Klebsiella
coli (n = 53) aeruginosa pneumoniae
(n =189 (n =37
Ceftriaxone 100.00 100.00 67.57
Ceftazidime 58.49 31.46 67.75
Piperacillin 60.38 33.71 5.41
Aztreonam 71.70 41.57 81.08
Ticarcillin 100.00 98.88 67.75
Gentamicin 60.38 51.69 37.84
Ciprofloxacin 11.32 51.69 67.75
Imipenem 60.38 22.47 0.00

The Drug Resistance Rates of Gram-Negative Bacteria
to Antibiotics

The highest drug resistance rates of Escherichia coli were
100.00 % to ceftriaxone and ticarcillin, and the lowest drug
resistance rate was 11.32 % to ciprofloxacin; the highest
drug resistance rate of Pseudomonas aeruginosa was
100.00 % to ceftriaxone, and the lowest drug resistance
rate was 22.47 % to imipenem; the highest drug resistance
rate of Klebsiella pneumoniae was 81.08 % to aztreonam,
and the lowest drug resistance rate was 0.00 % to imi-
penem. As shown in Table 3.

Discussion

SAP is a common complication in elderly patients after
surgery, and is also the important reason which causes
deterioration of patient’s condition even death [17-19].
The morbidity is up to 20-50 %, which is significantly life
threatening. Therefore, we should focus not only on the
treatment of primary disease in elderly patients but also
take effective measure to treat SAP to significantly

improve the life quality and prognosis of patients in Neu-
rosurgery Department. Furthermore, multi-drug resistance
bacteria infection [20-22] can prolong the hospitalization
time of SAP patients increase the hospitalization cost and
even increase the mortality [23, 24]. Gram-negative bac-
teria are most common in SAP patients with multi-drug
resistance bacteria infection. Our results showed that there
were 277 cases of Gram-negative bacilli among 372 cases
with percentage of 59.95 %, the most common Gram-
negative vacilli included 23.92 % of Pseudomonas aeru-
ginosa, 14.25 % of Escherichia coli, and 9.95 % of Kleb-
siella pneumoniae.

Improving the diagnostic and treatment level,
and understanding the etiologic feature and pathogenesis of
SAP are extremely important. The pathogenesis of SAP
[25, 26] includes: 1. Stress response in elderly patients can
induce lung injury and cause central respiratory dysfunc-
tion; 2. Release of cytokines and neuroendocrine change
can both weaken the humoral immunity and cell-mediated
immunity; 3. Elderly patients usually have dysphagia and
disturbance of consciousness to cause aspiration and fur-
ther cause lung infection. Because SAP is common in
elderly patients with various primary diseases and risk
factors [27-29], there are diverse pathogenic bacteria in
infection.

In the results, Staphylococcus aureus is highly resistant
to penicillin, erythromycin, and oxacillin, and highly sen-
sitive to teicoplanin and vancomycin; Staphylococcus ep-
idermidis is highly resistant to erythromycin, and highly
sensitive to teicoplanin and vancomycin; Staphylococcus
haemolyticus is highly resistant to penicillin and erythro-
mycin, and highly sensitive to teicoplanin and vancomycin;
Escherichia coli is highly resistant to ceftriaxone and
ticarcillin, and highly sensitive to ciprofloxacin; Pseudo-
monas aeruginosa is highly resistant to ceftriaxone, and
highly sensitive to imipenem; Klebsiella pneumoniae is
highly resistant to aztreonam, and highly sensitive to
imipenem.
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In conclusion, SAP is common in elderly patients. The

multi-drug resistance of SAP is a part of nosocomial
infection and is also a local manifestation of nosocomial
infection. In clinical, we should strengthen the prevention
of nosocomial infection and strictly select the antibiotics
considering the result of drug sensitivity test for treatment
to avoid the multi-drug resistance caused by irrational
application of antibiotic.

Conflict of interest The authors have not declared any conflicts of
interest.

References

10.

11.

12.

13.

. Sui,

. Skovgaard, M., Schonheyder, H. C., Benfield, T., et al. (2013).

Impact of positive chest X-ray findings and blood cultures on
adverse outcomes following hospitalized pneumococcal lower
respiratory tract infection: A population-based cohort study. BMC
Infectious Diseases, 13(1), 197.

. Hansel, T. T., Johnston, S. L., & Openshaw, P. J. (2013).

Microbes and mucosal immune responses in asthma. The Lancet,
381(9869), 861-873.

. de Wit, E., Rasmussen, A. L., Falzarano, D., et al. (2013). Middle

East respiratory syndrome coronavirus (MERS-CoV) causes
transient lower respiratory tract infection in rhesus macaques.
Proceedings of the National Academy of Sciences, 110(41),
16598-16603.

R, & Zhang, L. (2011). Risk factors of stroke-associ-
ated pneumonia in Chinese patients [J]. Neurology Research, 33(5),
508-513.

. Hannawi, Y., Hannawi, B., Rao, C. P. V., et al. (2013). Stroke-

associated pneumonia: Major advances and obstacles. Cerebro-
vascular Diseases, 35(5), 430-443.

. Busti, C., Agnelli, G., Duranti, M., et al. (2014). Lung ultrasound

in the diagnosis of stroke-associated pneumonia. Internal and
Emergency Medicine, 9(2), 173-178.

. Panumatrassamee, K., et al. (2013). Robotic versus laparoscopic

partial nephrectomy for tumor in a solitary kidney: A single
institution comparative analysis [J]. International Journal of
Urology, 20(5), 484-491.

. Li, F,, Yao, X., Su, Z., et al. (2013). Effect of somatostatin on the

recovery and prognosis of gastrointestinal function in old patients
after gastrointestinal tumor surgery. Laboratory Medicine and
Clinic, 13, 002.

. Vergez, S., du Mayne, M. D., Coste, A., et al. (2014). Multicenter

study to assess endoscopic resection of 159 sinonasal adenocar-
cinomas. Annals of Surgical Oncology, 21(4), 1384—1390.
Lokody, I. (2014). Drug resistance: Overcoming resistance in
acute myeloid leukaemia treatment. Nature Reviews Cancer,
14(7), 452-453.

Johnson, V. A., Calvez, V., Gunthard, H. F., et al. (2013). Update
of the drug resistance mutations in HIV-1: March 2013. Topics in
Antiviral Medicine, 21(1), 6-14.

Thakur, M. D., Salangsang, F., Landman, A. S., et al. (2013).
Modelling vemurafenib resistance in melanoma reveals a strategy
to forestall drug resistance. Nature, 494(7436), 251-255.

Park, H., Park, W., & Na, K. (2014). Doxorubicin loaded singlet-
oxygen producible polymeric micelle based on chlorine e6 con-
jugated pluronic F127 for overcoming drug resistance in cancer.
Biomaterials, 35(27), 7963-7969.

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Somoskovi, A., & Salfinger, M. (2014). Nontuberculous myco-
bacteria in respiratory infections: Advances in diagnosis and
identification [J]. Clinics in Laboratory Medicine, 34(2),
271-295.

Jones, R. N., Stilwell, M. G., Wilson, M. L., et al. (2013). Con-
temporary tetracycline susceptibility testing: Doxycycline MIC
methods and interpretive criteria (CLSI and EUCAST) perfor-
mance when testing Gram-positive pathogens. Diagnostic
Microbiology and Infectious Disease, 76(1), 69-72.

Ross, J. E., Scangarella-Oman, N., & Jones, R. N. (2013).
Determination of disk diffusion and MIC quality control guide-
lines for GSK2251052: A novel boron-containing antibacterial.
Diagnostic Microbiology and Infectious Disease, 75(4), 437-439.
Katz, G., Krummey, S., Larsen, S., et al. (2014). SAP facilitates
recruitment and activation of LCK at NTB-A receptors during
restimulation-induced cell death. (IRM10P. 734). The Journal of
Immunology, 192(1 Supplement), 129.1.

Llewellyn-Smith, 1. J., et al. (1999). Retrogradely transported
CTB-saporin kills sympathetic preganglionic neurons [J]. Neu-
roreport, 10(2), 307-312.

Yilmaz, B., et al. (2014). Effects of urtica dioica extract on
experimental acute pancreatitis model in rats [J]. International
Journal of Clinical and Experimental Medicine, 7(5),
1313-1318.

Cay, R., Fehlberg, L. C. C., Carvalhaes, C. G., et al. (2014).
Molecular diagnosis contributing for multi-drug resistant infec-
tion control. Current Treatment Options in Infectious Diseases,
6(1), 17-39.

Stafford, K. A., Boutin, M., Evans, S. R., et al. (2014). Diffi-
culties in demonstrating superiority of an antibiotic for multi-
drug resistant bacteria in non-randomized studies. Clinical
Infectious Diseases, 59(8), 1142—1147.

Pliakos, I., Michalopoulos, N., Papavramidis, T. S., et al. (2014).
The effect of vacuum-assisted closure in bacterial clearance of
the infected abdomen. Surgical infections, 15(1), 18-23.
Sampalli, T., Shepherd, M., & Dufty, J. (2011). Clinical vocab-
ulary as a boundary object in multidisciplinary care management
of multiple chemical sensitivity, a complex and chronic condition
[J1. Journal of Multidisciplinary Healthcare, 4, 91-102.
Ferguson, N. D., Scales, D. C., Pinto, R., et al. (2013). Integrating
mortality and morbidity outcomes: using quality-adjusted life
years in critical care trials. American Journal of Respiratory and
Critical Care Medicine, 187(3), 256-261.

Zhong, M. C., & Veillette, A. (2013). The adaptor molecule SAP
is essential in mechanisms involving the fyn tyrosine kinase for
induction and progression of collagen-induced arthritis. Journal
of Biological Chemistry, 288(44), 31423-31436.

Zhong, M. C., & Veillette, A. (2013). The adaptor molecule
signaling lymphocytic activation molecule (SLAM)-associated
Protein (SAP) is essential in mechanisms involving the fyn
tyrosine kinase for induction and progression of collagen-
induced arthritis. Journal of Biological Chemistry, 288(44),
31423-31436.

Chen, Y. J., Lin, M. S., Hsu, K. Y., et al. (2014). Prevalence of
asymptomatic peripheral arterial disease and related risk factors
in younger and elderly patients in Taiwan. Angiology, 65(5),
396-401.

Bozic, K. J., Ong, K., Lau, E., et al. (2013). Estimating risk in
medicare patients with THA: An electronic risk calculator for
periprosthetic joint infection and mortality. Clinical Orthopae-
dics and Related Research, 471(2), 574-583.

Musicco, M., Adorni, F., Di Santo, S., et al. (2013). Inverse
occurrence of cancer and alzheimer disease: A population-based
incidence study. Neurology, 81(4), 322-328.



	Etiologic Diagnosis and Clinical Treatment of Multiple Drug-Resistant Bacteria Infection in Elderly Patients with Stroke-Associated Pneumonia After Neurosurgery
	Abstract
	Introduction
	Materials and Methods
	General Data
	Diagnostic Criteria and Exclusion Criteria
	Diagnostic Criteria
	Exclusion Criteria

	Collection of Samples
	Multi-drug Resistance Bacteria and Drug Resistance
	Statistical Analysis

	Results
	Constituent Ratio of Pathogenic Bacteria Detected in SAP
	The Drug Resistance Rates of Gram-Positive Bacteria to Antibiotics
	The Drug Resistance Rates of Gram-Negative Bacteria to Antibiotics

	Discussion
	Conflict of interest
	References


