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Abstract: Pneumonia is the second leading reason for hospitalization of medicare beneficiaries. The mortality rate 
is high, especially in the elderly. In this study, we aimed to determine the risk factors associated with severe pneu-
monia in the elderly. Retrospective study was conducted and data of old patients with severe pneumonia were 
collected. They were divided into two groups: the experiment group (death group) and the control (living group). 
The general situation, underlying diseases, laboratory tests, types of etiology, imaging analysis and treatment situ-
ation of patients were analyzed and compared. Univariate analysis and logistic multivariate regression analysis 
were used to screen the related and independent risk factors for the diagnosis of severe pneumonia in the elderly. 
In univariate analysis, there were many factors had statistical significance including chronic kidney disease, elec-
trolyte disturbance, low phosphorus and so on. Result of logistic multivariate regression analysis showed pro-BNP 
level and serum prealbumin were independent risk factors. In sputum culture, the relevance ratio of acinetobacter 
baumannii was the highest in gram negative bacteria followed by klebsiella pneumoniae. In gram positive bacteria, 
the relevance ratio of staphylococcus aureus was the highest. In conclusion, the analysis on risk factors for severe 
pneumonia has great clinical significance on improving the prognosis.

Keywords: Severe pneumonia, risk factors, single factor analysis, logistic multivariate regression analysis, progno-
sis

Introduction

Pneumonia is the second leading reason for 
hospitalization of medicare beneficiaries and 
accounts for more than 600,000 medicare 
hospitalizations yearly [1, 2]. It is common and 
potentially serious infected. The elderly are 
more susceptible to pneumonia and more likely 
to die from this infection than younger popula-
tions. Older patients with pneumonia requiring 
hospitalization are more likely to develop com-
plications necessitating longer hospital stays 
[3]. Pneumonia in the elderly happens fast and 
the prognosis is poor, and elderly are suscepti-
ble to severe Pneumonia. The mortality rate for 
severe pneumonia is as high as 20% [4]. The 
principal cause of the death is respiratory insuf-
ficiency [5]. According to the study of Kitamoto 
et al, 83% of deaths from pneumonia were to 
organic dysfunctions in the respiratory tract 
and alveoli; 48% of deaths were from respira-
tory insufficiency due to progression of pneu-
monia, and 35% were attributable to protracted 
respiratory insufficiency despite suppressed 

development of pneumonic lesions [6]. Any 
intervention that would affect pneumonia mor-
tality is of great public health importance [7]. 
Mycoplasma pneumoniae and Chlamydia pneu-
moniae are the two most common atypical 
pathogens [8]. The etiology of severe pneumo-
nia requiring mechanical ventilation in the very 
elderly has been imprecise because of lack of 
comprehensive studies and low yield of diag-
nostic approach [9].

Severe CAP is a clinical entity with particular 
characteristic as concerns aetiology, diagnosis, 
treatment and prognosis. Prognosis factors of 
severe CAP have been identified in some CAP 
studies. The prognosis factors found in these 
studies were the following: radiographic spread 
of pneumonia, septic shock, simplified acute 
physiology score (SAPS) more than 13, strepto-
coccus pneumoniae or enterobacteriaceae 
infections, bacteria, non-pneumonia-related 
complications, anticipated death within 5 years 
and ineffective initial antibiotic therapy [10-13]. 
Most of the recognized factors are merely a 
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reflection of the baseline characteristics of 
patients or of the severity of pneumonia and its 
complications or outcome [14]. The severity of 
the underlying illness, high SAPS scores, age, 
bacteremia, septic shock, radiographic spread 
of pneumonia and the development of compli-
cations during ICU stay are examples of this 
[15]

The aim of the proposed study was to identify 
the risk factors that have major significance in 
predicting mortality in the elderly with severe 
pneumonia. Univariate analysis and logistic 
multivariate regression analysis were used.

Material and methods

Patients and definitions

Hospitalized patients (age ≥65) of 60 cases 
from March 1, 2011 to March 3, 2013 treated 
for severe pneumonia were assigned to this ret-
rospective study. Of them, 30 cases were set 
as living group (control group) and the other 30 
were death group (experiment group). CAP was 
defined as an acute illness associated with a 
new infiltrate on a chest radiogram in an out-
patient department or within 48 h of hospital-
ization, accompanied by the presence of respi-
ratory symptoms (cough, sputum production, 
wheezing, dyspnea, or chest pain) with or with-
out fever. Diagnosis of community acquired 
pneumonia (CAP) refers to “the diagnosis and 
treatment guidelines for CAP” of Respiratory 
Society, Chinese Medical Association. 

Diagnosis of hospital acquired pneumonia 
(HAP) obeys “the diagnosis and treatment 
guidelines for HAP” of Respiratory Society, 
Chinese Medical Association. Diagnosis of 
severe pneumonia complies with the diagnos-
tic criteria revised by American IDSA/ATS. 

Patients behave as the followings were exclud-
ed: (1) patients died after admission to hospital 
24 h or left hospital without cure; (2) treatment 
was interrupted or given up by families during 
therapeutic process when patients were not 
cured; (3) patients with severe immunosup-
pression (such as hemeopathy, Acquired 
Immune Deficiency Syndrome and after bone 
marrow transplantation); (4) clinical data is not 
complete. 

In experiment group, CAP was 24 cases and 
HAP 6 cases, 22 cases (73.3%) of male and 8 

cases (26.7%) of female. Age of patients in this 
group ranged from 72 to 93 years and the aver-
age age ± SD was 79.7±7.6 years. In the control 
group, there were CAP of 16 cases and HAP of 
14 cases, 20 cases (66.7%) of male and 10 
cases (33.3%) of female. Age of patients in this 
group ranged from 72 to 93 years and the aver-
age age ± SD was 84.5±5.3 years. Within 24 h 
of admission, the following data were recorded: 
age, sex, underlying disease, cardio-pulmonary 
function, blood routine examination, blood bio-
chemical indexes, bacteriological monitoring, 
imaging manifestations, blood gas analysis, 
using condition of antibacterial agents in the 
initial, mechanical ventilation and so on. 

Clinical examination

All selected patients were conducted with treat-
ment and monitor as follows. Monitoring pro-
grams included vital signs, hearts and lungs 
function indices (brain natriuretic peptide, pul-
monary function test and so on), Blut-Routine-
Untersuchung, C reactive protein, blood, liver 
and kidney function, blood glucose, blood elec-
trolytes, coagulation indicator, thyroxine level, 
arterial blood gas analysis, chest X-ray or CT, 
electrocardiographic examination, etiological 
examination (blood culture, secrets of deep 
endotracheal obtained by fiber bronchoscope 
or sputum-sucking tube via the artificial airway, 
the first bite of sputum culture collected in 
morning cough after rinse your mouth vigor-
ously with water).

We can comprehensively assess the severity 
scale for infection, general condition, the func-
tional status of each visceras by monitoring 
results above. So a series of therapeutic plans 
can be set up, therapeutic effect and prognosis 
could be evaluated. Treatments included timely 
anti-infection, early mechanical ventilation, 
application of vasoactive drugs, acid-base equi-
librium or electrolyte disturbance correction by 
adding liquid, treatment for basic diseases and 
so on. 

Observation index

In this study, the patients were investigated by 
retrospective case-control method. All informa-
tion about patients was recorded respectively 
including age, sex, underlying disease (chronic 
obstructive pulmonary disease, cardiovascular 
and cerebrovascular diseases, chronic liver dis-
ease, chronic renal insufficiency, diabetes, 
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malignancy, Benign Prostatic Hyperplasia), 
number of red and white blood cell, thrombo-
cyte, hemoglobin, neutrophil count, lymphocyte 
numbers, various indicators for blood biochem-
istry, blood gas analysis, D-Dimer, thyroid func-
tion index, C reactive protein, brain natriuretic 
peptide. The worst value of acute physiology 
parameters after admission in hospital 24 h 
were taken as the indexes above. At the same 
time, respiratory rate, state of consciousness, 
mechanical ventilation, chest radiogram, 
pathogenic species, therapeutic schedule by 

hypothesis when, in fact, the null hypothesis 
was true. The SPSS statistical program for 
Windows, version 8, was used.

Results 

Underlying disease situations

In this study, most of the elderly patients merg-
ing cardiovascular and cerebrovascular diseas-
es, diabetes, chronic obstructive pulmonary 
disease, tumour, chronic liver and kidney dis-

Figure 1. Common underlying diseases of severe pneumonia in elderly.

Figure 2. The check out situation of total bacteria etiology in elderly severe 
pneumonia. 

initial antibiotic, application or 
not of hormone, ACEI and thy-
mosin, whether invasive pro-
cedure performed (cutting 
stomach tube, catheter, deep 
vein catheterization) and whe- 
ther long-term bed or aspira-
tion factors exist. 

Statistical analysis

SPSS13.0 software was used 
for total analysis. Univariate 
analysis included all tests, 
comparing single parameters 
between two patient groups 
(living and death). Continuous 
variables were expressed by 
means ± SD and categorical 
variables by frequencies and 
percentages. The χ2 test was 
used for categorical variables. 
Continuous parameters with 
normal (Gaussian) division 
were compared by Student’s 
t-test. 

The factors considered as sig-
nificant mortality predictors in 
univariate analysis were test-
ed by multivariate analysis, 
applying the method of logistic 
regression. In the final model, 
each input parameter had to 
have significant influence on 
mortality. The OR was set, 
together with a 95% CI for it. 

All statistical tests were car-
ried out at a significance level 
of α=0.05. By specifying this 
level, we had a 5% chance of 
erroneously rejecting our null 
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eases, great surgery and so on. Of those, hyper-
tension, cardiopathy and cerebrovascular dis-
ease were more important and the result was 
shown in Figure 1. 

Comparison of pathogen detection situation

Sputum of 54 patients was collected success-
fully and sputum bacteria culture of 46 patients 
(76.7%) presented positive. Of the 46 patients, 
twenty-seven cases contained two and ab- 

were shown in Figure 2. Bacteria situation 
detected in sputum and blood medium was 
shown in Figures 3 and 4, respectively. 

To identify the differences between the death 
and living patients, comparison of positive rate 
of blood culture, infection rate of phlegm fungi 
and multiple resistant bacteria (MDRO) 
between the experiment and control group 
were compared. The results were shown in 
Table 1 and Figure 5. 

Figure 3. The check out situation of etiology from sputum culture in elderly 
severe pneumonia.

Figure 4. The check out situation of etiology from blood culture in elderly severe 
pneumonia.

ove mixed bacteria infec-
tion (58.7%) and 20 cas- 
es merged fungal infecti- 
on (43.5%). Gram-negative 
and positive bacteria were 
isolated from the medium 
of sputum, respectively. In 
gram-negative bacteria, rel- 
evance ratio of acineto-
bacter baumannii (AB) was 
the highest (18.4%) and fol-
lowed by klebsiella pneu-
moniae (11.4%). In gram 
positive bacteria, staphylo-
coccus aureus (SA) had  
the largest detection rate 
(9.8%). There were 25 cas- 
es of blood culture inspect-
ed successfully and 7 pre-
sented positive (28%). Am- 
ong them, klebsiella pneu-
moniae had the highest 
detection rate and it was 
38.5%. In this study, 316 
strains of bacteria etiology 
and 47 strains of fungus 
were separated. Of all the 
inspected samples, there 
were 111 strains of drug-
resistance bacteria and it 
occupied 35.1 percents of 
bacteria etiology. Of all the 
drug-resistance bacteria, 
multiresistant acinetoba- 
cter baumannii (MDRAb) 
had the highest percentage 
(40.5%) and the next was  
Methicillin-resistant staph-
ylococcus aureus (MRSA) 
(24.3%). The results of total 
bacteria situation including 
bacteria detected out in 
sputum and blood medium 
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Table 1. Comparison of the check out situation of pathogen in patients with elderly severe pneumo-
nia between experiment group and the control

Group
Test statistics 

quantity PControl  
n (%)

Experiment 
n (%)

Blood bacteria culture No bacteria 28 (93.3) 19 (63.3) χ2=7.954 0.005
Bacterial positive 2 (6.7) 11 (36.7)

Sputum fungus culture No fungus 22 (73.3) 8 (26.7) χ2=13.067 0.000
Fungus positive 8 (26.7) 22 (73.3)

Multiple drug-resistant bacteria in sputum culture (MDRO) None 23 (76.7) 7 (23.3) χ2=17.067 0.000
Have 7 (23.3) 23 (76.7)

Figure 5. Comparison of positive rate in patients with elderly severe pneumonia between experiment group and the 
control. A: Comparison of positive rate in blood culture; B: Comparison of positive rate in sputum culture; C: Com-
parison of positive rate of multiple resistant bacteria isolated from sputum culture.

Table 2. Single factor analysis of risk factors in elderly severepneumonia (general condition and 
merged underlying disease)

General condition Living group 
(%) (n=30)

Death group 
(%) (n=30)

Test statistics 
quantity P

Sex Male 20 (66.7) 22 (73.3) χ2=0.317 0.573
Female 10 (33.3) 8 (26.7)

Onset age (
_
x±s) 84.2±5.3 82.6±5.3 t=1.146 0.256

Complicated hypertension (
_
x±s) 23 (76.7) 20 (66.7) χ2=0.739 0.390

Complicated COPD (
_
x±s) 13 (43.3) 13 (43.3) χ2=0 1.000

Complicated cerebrovascular disease (
_
x±s) 17 (56.7) 12 (40.0) χ2=1.379 0.240

Complicated cardiovascular disease (
_
x±s) 18 (60.0) 24 (80.0) χ2=2.857 0.091

Complicated diabetes (
_
x±s) 9 (30.0) 10 (33.3) χ2=0.077 0.781

Complicated chronic nephrosis (
_
x±s) 1 (3.3) 6 (20.0) χ2=4.043 0.044

Complicated major surgery (
_
x±s) 9 (30.0) 6 (20.0) χ2=0.800 0.371

Complicated tumor (
_
x±s) 5 (16.7) 4 (13.3) χ2=0.131 0.718

Complicated electrolyte disturbance (
_
x±s) 1 (3.3) 9 (30.0) χ2=7.680 0.006

Low phosphorous 13 (43.3) 24 (85.7) χ2=11.262 0.001
Normal phosphorous 17 (56.7) 4 (14.3)
Non-simultaneous low magnesium and phosphorous 23 (76.7) 14 (50.0) χ2=4.459 0.035
Meanwhile low magnesium and phosphorous 7 (23.3) 14 (50.0)
Low magnesium 8 (27) 24 (80) χ2=17.14 0.000
Normal magnesium 22 (73) 6 (20)

Complicated BPH (_x±s) 10 (33.3) 8 (26.7) χ2=0.317 0.573
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Table 3. Single factor analysis of risk factors in elderly severe pneumonia (main medical history, auxil-
iary examination and situation of medication)

Group
Test statistics 

quantity PLiving 
group n (%)

Death 
group n (%)

Thyroid function normal or not Normal 15 (50) 2 (7) χ2=13.87 0.000

Abnormal 15 (50) 28 (93)

Number of affected lung lobe in chest <3 15 (50) 12 (40) χ2=0.60 0.436

>3 15 (50) 18 (60)

Hydrothorax degree No 22 (73) 13 (43) χ2=5.78 0.055

A little 6 (20) 11 (37)

Hydrops 2 (7) 6 (20)

Unilateral and bilateral hydrothorax No 22 (73) 13 (43) χ2=5.57 0.062

Unilatera 4 (13) 8 (27)

Bilateral 4 (13) 9 (30)

Liver function Normal 25 (83) 14 (47) χ2=8.86 0.003

Abnormal 5 (17) 16 (53)

Alimentary tract hemorrhage No 28 (93) 22 (73) χ2=4.32 0.038

Yes 2 (7) 8 (27)

State of consciousness Unconsciousness 9(30) 29 (97) χ2=28.70 0.000

Clear consciousness 21 (70) 1 (3)

Suction right or wrong No 15 (50) 2 (7) χ2=13.87 0.000

Yes 15 (50) 28 (93)

Nasal feeding diet No 30 (100) 13 (43) χ2=23.72 0.000

Yes 0 (0) 17 (57)

Bucking No 26 (87) 21 (70) χ2=2.45 0.117

Yes 4 (13) 9 (30)

Dysphagia No 30 (00) 23 (77) χ2=7.92 0.005

Yes 0 (0) 7 (23)

Gastrointestinal decompression No 30 (100) 29 (97) χ2=1.16 0.313

Yes 0 (0) 1 (3)

Fasting No 30 (100) 29 (97) χ2=1.16 0.313

Yes 0 (0) 1 (3)

After fracture operation No 30 (100) 29 (97) χ2=1.16 0.313

Yes 0 (0) 1 (3)

Long-term bed No 12 (40) 1 (3) χ2=11.88 0.001

Yes 18 (60) 29 (97)

Application of antimicrobial agents for the first time after admission Inappropriate 3 (10) 15 (50) χ2=11.42 0.001

Appropriate 27 (90) 15 (50)

Invasive ventilation No 2 (22) 5 (21) χ2=0.75 0.931

Yes 7 (78) 19 (79)

Mechanical ventilation No 21 (70) 4 (13) χ2=19.81 0.000

Yes 9 (30) 26 (87)

Application of hormone No 17 (57) 10 (33) χ2=3.29 0.069

Yes 13 (43) 20 (67)

Invasive procedure No 15 (50) 3 (10) χ2=11.42 0.001

Yes 15 (50) 27 (90)

Trachea cannula No 24 (80) 13 (43) χ2=8.53 0.003

Yes 6 (20) 17 (57)

Stomach tube No 15 (50) 4 (13) χ2=9.31 0.002

Yes 15 (50) 26 (87)

Catheter No 22 (73) 15 (50) χ2=3.45 0.063

Yes 8 (27) 15 (50)

Deep vein catheterization No 24 (80) 13 (43) χ2=8.53 0.003

Yes 6 (20) 17 (57)

ACEI Nonuse 17 (57) 26 (87) χ2=6.64 0.010

Use 13 (43) 4 (13)
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Risk factors analysis

Patients of 60 cases in experiment and control 
group were analyzed to screen risk factors. 
First, univariate analysis was performed and 
factors such as general situation of patients, 
underlying disease, main medical history, auxil-
iary examination, situation of medication and 
index of laboratory examination were taken into 
consideration. Factor with P<0.05 has statisti-

cal significance. Analysis on general situation 
of patients and merged underlying disease was 
shown in Table 2. Analysis on main medical his-
tory, auxiliary examination and situation of 
medication was shown in Table 3. Analysis on 
index of laboratory examination was shown in 
Table 4. 

Based on univariate analysis, there were fac-
tors had statistical significance and they were: 

Thymosin Nonuse 9 (30) 20 (67) χ2=8.75 0.004

use 21 (70) 10 (33)

Thymosin <4 weeks 11 (52) 1 (10) χ2=5.12 0.024

>4 weeks 10 (48) 9 (90)

Table 4. Single factor analysis of risk factors in elderly severe pneumonia (index of laboratory exami-
nation)
General condition Living group Death group Test statistics quantity P
Hb (g/L) n=30 n=28 t=2.86 0.006

113.36±21.94 95.85±24.63
PLT (*109/L) n=30 n=27 t=1.73 0.088

188.13±64.23 150.25±98.35
CRP (mg/L) n=30 n=30 t=-3.86 0.000

53.9±51.37 113.01±66.24
BNP (pg/ml) n=14 n=9 t=-2.34 0.029

110.36±115.54 285.16±240.98
proBNP (pg/ml) n=29 n=29 t=-4.04 0.000

1308.67±1576.45 8530.71±9487.93
WBC (×109/L) n=30 n=30 t=-2.90 0.005

9.05±3.32 14.71±10.14
N% n=30 n=30 t=0.46 0.641

75.21±11.66 72.16±33.65
L% n=30 n=29 t=3.96 0.000

15.33±9.03 6.86±7.27
Albumin (g/l) n=29 n=30 t=6.52 0.000

35.83±4.86 27.43±5.01
Prealbumin (mg/L) n=30 n=30 t=4.63 0.000

172.27±74.48 96.27±50.23
Serum uric acid (umol/L) n=30 n=30 t=-1.55 0.126

266.64±118.52 322.07±155.52
Homocysteine (umol/L) n=14 n=11 t=0.35 0.725

16.36±6.3 15.47±5.99
Blood glucose (mmol/L) n=30 n=30 t=-2.06 0.044

6.27±2.36 8.22±4.63
Renal function (Ccr ml/min) n=30 n=30 t=2.21 0.031

61.24±24.39 45.22±31.32
D-D dimer (mg/L) n=30 n=27 t=-2.22 0.030

1.73±1.56 3.54±4.65
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Table 5. Logistic regression analysis for elderly severepneumonia

Risk factors Estimate of 
parameter

Standard 
error Wald P OR 95% CI

proBNP (pg/ml) 0.001 0.000 5.059 0.024 1.001 1.000-1.001
Prealbumin (mg/L) 0.032 0.020 2.580 0.108 0.968 0.931-1.007
Multiple resistant bacteria in sputum culture (MDRO) -2.616 1.761 2.206 0.138 0.073 0.002-2.308
Low magnesium 4.870 2.450 3.951 0.047 130.304 1.071-15858.749
Conscious state 3.629 2.594 1.957 0.162 37.681 0.233-6088.79
Whether application of antimicrobial agents for the first time after admission appropriate 4.293 2.311 3.450 0.063 73.186 0.789-6789.461
Constant -4.519 3.871 1.363 0.243 0.011 -
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chronic kidney disease, electrolyte disturbance, 
low phosphorus, low magnesium and phospho-
rus, low or normal magnesium, thyroid func-
tion, liver function, gastrointestinal bleeding, 
conscious state, have a correct or wrong suc-
tion, nasal feeding, difficulty in swallowing, 
long-term bed, application of antimicrobial 
agents for the first time after admission, with 
and without mechanical ventilation, invasive 
procedure, trachea cannula, stomach tube, 
deep vein catheterization, ACEI, hymopeptides, 
hymopeptides greater than 4 weeks, Hb, CRP, 
proBNP, proBNP, WBC, L%, albumin, prealbu-
min, blood glucose, renal function, DD dimmer.

Multivariate analysis was then conducted using 
factors which had statistical significance in uni-
variate analysis. The result was shown in Table 
5. As shown, pro-BNP level and low magnesium 
were independent risk factors for elderly severe 
pneumonia. 

Discussion 

Severe pneumonia in elder is difficult to treat 
commonly in pneumology department and 
often involves in multiple organs [16]. It is seri-
ous, has a rapid progression and the morality is 
high [4, 17]. Due to immune system and 
Respiratory defense function slow down and 
multiple underlying diseases accompanied, the 
occurrence rate in pneumonia especially severe 
pneumonia is high [9, 18]. Moreover, the mor-
bidity increases with the aging trend of popula-
tion, which is the main cause of death in the 
elderly [19]. To improve the prognosis and 
reduce mortality, 60 cases of patient with 
severe pneumonia were collected for retro-
spective study and we screened independent 
risk factors by univariate and multivariate anal-
ysis. Results showed there were multiple risk 
factors influence the prognosis of severe pneu-
monia in elderly such as underlying diseases, 
the distribution characteristics of pathogen, 
mechanical ventilation, cardiac insufficiency, 
the application of antimicrobial agents for the 
first time after admission, application of ACEI, 
thymosin α1 and some serum test parameters 
and so on. Among them, pro-BNP level and low 
magnesium were independent risk factors for 
severe pneumonia in elder.

Chronic underlying disease is one of the most 
important risk factors in elder pneumonia [20]. 
60 to 90 percent of elder pneumonia patients 

in hospital have one or more underlying dis-
ease and many chronic diseases occur with 
age increase [21]. Moreover, the immune func-
tion of patients also descends which lead to the 
infection rate of lung and mortality increase. In 
this study, the number of patients with chronic 
underlying disease in experiment group was 
significantly higher than that in the control 
(P<0.05), which was similar to the results of 
overseas studies [22]. So for elderly patients, 
we should adopt comprehensive prevention 
and treatment measures for various reasons, 
treat underlying disease actively to cut off the 
vicious cycle chain. 

In the 60 patients, sputum culture was con-
ducted in 54 patients and 316 strains of patho-
genic bacteria were separated. Pathogenic bac-
teria were not checked out only in 8 cases and 
positive rate in experiment group and the con-
trol was 89.3% and 80.8%, respectively, which 
were much higher than that in related reports 
[23]. Those may be due to most patients came 
from Intensive Care Unit (ICU) and emergency 
observation ward, and sputum was absorbed 
from trachea of patients by aseptic inhale 
phlegm pipe and send to bioclean room in bac-
terium-free pipe, which reduce the interference 
factors and improve the positive detection rate. 
Gram-negative bacteria play a major role in the 
2 groups. In experiment group, acinetobacter 
baumannii was the most and in the control the 
main pathogenic bacteria were neisseria gonor-
rhoeae, pseudomonas aeruginosa, acineto-
bacter baumannii followed by staphylococcus 
aureus, escherichia coli and klebsiella pneu-
moniae. In drug-resistance bacteria, the per-
cent of multiresistant Acinetobacter baumannii 
was the highest (40.5%) followed by methicillin 
resistant staphylococcus aureus (MRSA) 
(24.3%) and Extended Spectrum Beta-
Lactamases (ESBLs) (8.1%). Acinetobacter bau-
mannii is a species of non-fermentative gram-
negative bacteria commonly found in water and 
soil [24]. It is an important and common patho-
gen causing nosocomial infections, especially 
in immunocompromised patients [25]. It has 
emerged as a highly troublesome pathogen for 
many institutions globally and a significant 
opportunistic pathogen that is associated with 
a serious underlying disease [26, 27]. 
Acinetobacter baumannii often causes a wide 
range of infections and is a common cause of 
nosocomial pneumonia [28, 29]. MRSA is a 
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major cause of hospital-acquired infections 
that are becoming increasingly difficult to com-
bat because of emerging resistance to all cur-
rent antibiotic classes [30]. It is increasingly a 
cause of nosocomial and community-onset 
infection with unknown national scope and 
magnitude [31]. It is reported associated with 
severe pneumonia in elder [31]. Therefore, 
based on the result of etiology, we should 
select antibiotics reasonably, timely and cor-
rectly. Studies showed rational antibiotic treat-
ment can rectify risk factors which improve the 
diagnosis of severe pneumonia in elder [32]. 

Whether applying antimicrobial agents for the 
first time after admission appropriately is a key 
factor for the diagnosis of severe pneumonia. If 
antibiotic used inappropriately, the drug-fast of 
antibiotic would increase which prolong hospi-
tal stays and the mortality. Reports at home 
and abroad showed the morality of patients 
treated by combing antibacterial agents is 
lower than that by single agent [33, 34]. Studies 
showed the treatment to infection resulted by 
multiresistant Acinetobacter baumannii by a 
large dose of sulbactam or sulbactam with 
another antibiotic is effective [35, 36]. So, for 
elderly patients, especially with basic liver and 
kidney diseases, we should adjust the dosage 
accordingly. In experiment group, more patients 
had respiratory failure and were treated with 
mechanical ventilation than the control. The 
morality of patients with respiratory failure was 
also higher. This may be because the organiza-
tional structure of respiratory tract changed, 
the immune function decreased and many 
chronic underlying diseases combined, which 
led to the easy transformation of pneumonia to 
severe pneumonia [37]. Study showed the pH 
of arterial blood below 7.35 and PaO2 below 
60mmHg could increase morality, which indi-
cated the lack level of oxygen could influence 
the prognosis of severe pneumonia in elder 
[38]. As result showed, pro-BNP was indepen-
dent risk factor for the diagnosis of severe 
pneumonia in elder and morality in patients 
with cardiac insufficiency is markedly higher. 
Many studies have showed cardiac insufficien-
cy is important risk factor for the diagnosis of 
severe pneumonia in elder [39]. But we should 
also consider the percent of patients with basic 
heart disease. In most studies, the ratio ranged 
from 11% to 23% [9, 40]. In our study, the value 
was 66.7% which may be resulted from cardiac 

insufficiency. Hypomagnesemia was risk factor 
for the diagnosis of severe pneumonia in elder 
obtained in our study. Magnesium is an impor-
tant constituent of the intracellular space that 
affects a number of intracellular and whole 
body functions [41]. Homeostasis of magne-
sium levels is tightly regulated and depends on 
the balance between intestinal absorption and 
renal excretion [42]. Magnesium deficiency is 
important feature of severe infection and sep-
tic shock[43]. In patients with severe pneumo-
nia, hypomagnesemia were found in many 
cases [44]. Phosphorus concentration of 
patients in experiment group was much lower 
than that in the control and indicated a risk fac-
tor for the diagnosis of severe pneumonia in 
elder. Patients with pneumonia demonstrated 
lower levels (P<0.01) of calcium, phosphorus 
[44]. phosphorus levels were useful in identify-
ing mimics of swine influenza pneumonia [45]. 
When phosphorus concentration in blood was 
low, the phagocytosis and chemotactic func-
tion of macrophages and granulocyte reduced 
which progressed further and resulted in the 
poor prognosis [46, 47]. So we should pay 
much attention on the diagnosis of magnesium 
and phosphorus concentration. 

CRP, ALB, sPA and D-Dimer were found the risk 
factors for the diagnosis of severe pneumonia 
in elder in univariate analysis. C-reactive pro-
tein (CRP) is an ancient highly conserved mole-
cule and a member of the pentraxin family of 
proteins [48]. Elevated serum levels of CRP 
have been widely considered to be nonspecific 
but sensitive markers of the acute inflammato-
ry response [49]. Its level can be elevated in 
the acute phase of bacterial infection and kept 
almost the same when infected by virus [50]. 
Therefore, we concluded the increase of CRP 
level is associated with bacterial infection. 
Serum prealbumin (sPA), a negative acute-
phase reactant, has a role as a clinical index of 
patient status after inflammation, trauma, or 
surgery that is gaining recognition [51]. In our 
study, the level of sPA in experiment group was 
significantly lower than the control which indi-
cated there was a negative linear correlation 
between sPA level and infection severity. 
D-Dimer is a specific derivative of cross-linked 
fibrin [52]. D-Dimer levels are directly related to 
the intra-and extra-vascular coagulation that 
occurs in acute and chronic lung damage in 
patients with community-acquired pneumonia 
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(CAP) [53]. Raised D-Dimer concentrations can 
often be observed [54, 55]. 

In conclusion, pro-BNP and hypomagnesemia 
were independent risk factors for the diagnosis 
of severe pneumonia in elder. MDRO infection, 
fungal infection and bacteremia were microbio-
logical risk factors. The application of thymosin 
α1 can improve the prognosis. The determina-
tion of CRP, Hb, WBC, lymphocytes percentage, 
BNP, pro-BNP, albumin and serum prealbumin 
has important clinical significance for the prog-
nosis. Other risk factors also need many 
researches to verify the importance and inde-
pendent risk factors can be screened. 
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