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Background: Data describing epidemiology, clinical outcomes and treatment patterns, of hospitalised
patients with pneumonia in China are limited. We aimed to describe such information among adult
pneumonia patients in southern and northern China.

Methods: We retrospectively reviewed electronic medical records of pneumonia patients aged >18 years,
hospitalized between 2008 and 2013 at Guangdong Provincial Hospital of Chinese Medicine (n=3,636),
southern China, and between 2010 and 2014 at Peking University People’s Hospital, Beijing (n=1,689),
northern China, in order to collect data on patient demographics, microbiology, clinical outcomes and
treatment and resistance patterns.

Results: The mean (SD) age of patients was 60.0 (21.4) and 64.4 (18.4) years in Guangdong and Beijing,
respectively. Mean length of hospital stay was 12.1 and 20.8 days, and overall mortality was 2.9% and
8.0%, respectively. Gram-negative bacilli were most frequently isolated, predominantly Acinetobacter
baumannii, Klebsiella pneumoniae and Pseudomonas aeruginosa. Infection with these bacteria was associated
with unfavourable clinical outcomes, and the antibiotic resistance among these bacteria increased between
2008-2010 and 2011-2013 in both regions of China. The treatment and choice of antibiotics slightly varied
between the two regions based on the susceptible pathogens identified among their populations.
Conclusions: Of the pathogens identified, Staphylococcus aureus infection (particularly the methicillin-
resistant S. aureus) was associated with poor clinical outcomes; however antibiotic resistance among S. aureus
generally decreased during the study data collection periods. Also, disease severity was greater in Beijing as
compared with Guangdong, and this may be associated with higher microbiological diagnosis rate and higher

frequency of initial antibiotic modification among Beijing populations.
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Introduction

Pneumonia is the most common and serious lower
respiratory tract infectious disease worldwide, and is a
leading cause of mortality, accounting for approximately
3.1 million deaths globally in 2012 (1). The aetiology
of bacterial pneumonia varies depending on its origin.
Approximately 10 bacterial species have been identified as
significant pathogens in community-acquired pneumonia
(CAP) in Europe, North America and Australia (2-4).
In a 2002 review of 41 European studies, Streptococcus
pneuwmoniae was the most frequent bacterial pathogen
in hospitalized CAP patients, followed by Mycoplasma
pneumoniae, Chlamydia pneumonine, Legionella species and
Haemophilus influenzae (2). Data regarding the bacterial
aetiology of hospital-acquired pneumonia (HAP) are
limited, and establishing the aetiological agent(s) of HAP
can be problematic as it is often not possible to distinguish
between colonisation and infection. Gram-negative bacteria
are implicated in the majority of HAP cases in Europe and the
USA (55-85%), while Gram-positive pathogens (predominantly
Staphylococcus aureus) account for 20-30% of cases (3).

A recent review of Asian studies revealed important
geographical differences in microbiological aetiology in Asia
when compared with Europe and the USA (4). Higher rates
of aerobic Gram-negative bacterial involvement in CAP
have been reported in Asia in comparison to Europe and the
USA (5-7). In addition, S. preumoniae, the most important
CAP pathogen in European studies (2,8), was less commonly
isolated from patients in Asia (4). Gram-negative pathogens
are predominant causative agents of HAP both in Asia and
the West (9,10); however relatively higher incidences of
Acinetobacter species, and a lower prevalence of methicillin-
resistant Staphylococcus aureus (MRSA) infection have
been reported in Asia (9). In addition to the considerable
geographical variation in pneumonia aetiology, changes in
microbial ecology over time are frequently observed within
individual healthcare facilities, and may be influenced by
patient populations, ethnicity, seasonal changes and the
microbiological techniques used. On-going surveillance and
epidemiological studies are therefore necessary to monitor
changes in the antimicrobial susceptibility of pathogens
over time, and enable the selection of optimal antimicrobial
treatment (11). Although pneumonia is considered as a
deadliest infectious disease globally, its pathogenicity,
treatment patterns and clinical outcomes for hospitalised
adult pneumonia patients in China are not well studied nor
reported.
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Hence, we conducted a retrospective hospital-based
study between 2008-2014, involving two major hospitals
in southern and northern China (Guangdong Provincial
Hospital of Chinese Medicine and Peking University
People’s Hospital) to evaluate the epidemiology,
microbiological and treatment patterns and clinical
outcomes of pneumonia in Chinese population.

Methods
Study subjects and design

This was a retrospective, non-interventional study to assess
epidemiology, clinical management and outcomes of adult
patients hospitalized with pneumonia using data from
four hospitals (Dade Road General Hospital, Fangcun,
University City, and Ersha Island) belonging to a single
healthcare conglomerate, Guangdong Provincial Hospital
of Chinese Medicine, Guangzhou, China as well as Peking
University People’s Hospital, Beijing, China.

Electronic medical records of unique hospitalization
cases of patients’ aged >18 years with an ICD diagnosis
code of pneumonia, interstitial pulmonary disease/other
lung infection with a positive bacterial culture, or influenza
with no virus identified prior to discharge between 2008 and
2013 at the Guangdong hospitals, and between 2010 and
2014 at the Beijing hospital were reviewed and extracted
for analysis. Data for paediatric patients were reported
separately. Data from the Guangdong and Beijing study
sites were analysed separately to enable qualitative and
quantitative comparison.

Ethical considerations

Individual patient data were anonymized and ethical
approval was granted by the relevant institutional ethics
board committees at each site. This study involved the
collection of existing data and records. Informed consent
was exempted according to the decision of institutional
ethics board committees.

Data collection

Study variables included patient baseline demographics,
medical history (including comorbidities and surgical
intervention); treatment patterns (antibiotic usage) and
clinical outcomes. Demographic information extracted for
analysis included age, gender and ethnic origin. Clinical
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outcomes data extracted for analysis included length
of hospital stay, recurrence of infection, intensive care
unit (ICU) admission, discharge from hospital and in-
hospital mortality. Microbiological data, including bacteria
identified, and antibiotic resistance based on microbiological
analysis of patient sputum/respiratory secretions and blood
samples (collected when possible/as clinically indicated),
were also extracted. Bacteria were identified according
to Clinical and Laboratory Standards Institute (CLSI)
guidelines (12). All bacteria were identified by culture
methods, except for Mycoplasma pneumoniae (M. pneumoniae)
in Beijing, which was identified using serological methods.
Minimum inhibitory concentrations (MICs) were
determined by local laboratories using Siemens Microscan
Walkaway 96 Plus. Antibiotic susceptibility was interpreted
using the current CLSI MIC breakpoints at the time the
test was conducted (13-20).

Statistical analysis

All the descriptive analysis was conducted using R3.1.1
(http://www.cran.r-project.org/web/packages/). The
mean differences among continuous variables between
two groups were tested with the Student’s ¢-test or the
Wilcoxon rank sum test when appropriate. A Fisher’s Exact
Test was employed to test the differences in categorical
variables between groups. P values of <0.05 were considered
statistically significant.

Results
Baseline demographics

The study population comprised 3,636 and 1,689
unique hospitalization cases diagnosed with pneumonia
at admission, of whom 150 (4.1%) and 191 (11.3%)
were diagnosed with HAP in Guangdong and Beijing
respectively. No information was available for the
remaining hospitalization cases regarding diagnosis of
either HAP or CAP. Baseline demographics and details
regarding comorbidities and surgical interventions are
shown in Tuzble 1. The most common comorbidities
were bronchial disorder, diabetes, and chronic
obstructive pulmonary disease in both populations, with
additional solid tumours seen predominantly in Beijing
hospitalization cases. According to the comorbidity
profiles (see Table 1), patients in Beijing were much sicker
than those in Guangdong.
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Microbiological characteristics

Microbiological tests were performed on samples from 1,301
to 1,303 hospitalization cases in southern and northern
regions respectively. In patients from Guangdong, a total
of 452 samples were culture-positive, the majority of which
[399 (88.3%)] were collected from sputum, 37 (8.2%) from
blood, and nine (2.0%) from pharyngeal swabs. Less than
2% of culture positive samples were obtained by other
techniques, such as bronchoalveolar lavage (BAL) and chest
drain. In patients from Beijing, a total of 660 samples were
culture-positive, the majority of which [476 (72.1%)] were
collected from sputum, 78 (11.8%) from secretions obtained
via bronchoscopy, 49 (7.4%) from blood and 49 (7.4%) from
pharyngeal swabs. Only eight (1.2%) samples were collected
from BAL. In Guangdong and Beijing respectively, a total
of 219/686 (31.9%) and 310/945 (32.8%) of the bacterial
organisms were isolated from samples collected within
2 days of admission.

In Guangdong patients, at least one bacterial organism
was identified in 428 hospitalization cases (11.8%), of which
318 (74.3%) had a single bacterial organism identified and
110 (25.7%) had >1 bacterial organism identified. The
most frequently isolated organisms were Gram-negative
bacteria, including Klebsiella pneumoniae [95/428 (22.2%)],
Acinetobacter baumannii [89/428 (20.8%)], and Pseudomonas
aeruginosa [65/428 (15.2%); Table 2]. Of the Gram-positive
bacteria, S. aureus [46/428 (10.8%)] was most common.
Fourteen of the 428 (3.3%) hospitalization cases had
S. pnewmoniae isolated. M. pneumoniae was not detected in
any patient.

A similar pattern was observed in Beijing patients,
where at least one bacterial organism was identified in
523/1,689 (31.0%) hospitalization cases; 128 (24.5%)
had >1 bacterial organism identified and the remainder
had a single bacterial organism identified. A. baumannii
was the most commonly isolated bacteria, identified
in 118/523 (22.6%) hospitalization cases, followed
by K. pneumoniae [79/523 (15.1%)] and P. aeruginosa
[70/523 (13.4%)] (1lable 2). The majority of positive bacterial
cultures were obtained from samples collected >3 days
after admission (Table SI). S. aureus was the most common
Gram-positive bacteria accounting for 40/523 (7.6%) of
hospitalisations with >1 bacterial organism identified;
30 (5.7%) hospitalization cases had MRSA. Only four of the
523 (0.8%) hospitalization cases had S. preumoniae isolated.
Antibodies were identified in 35/861 (4.1%) hospitalization
cases whose blood was tested for antibodies against
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Table 1 Baseline patient demographics, comorbidities and surgical interventions

Patient characteristics

Southern China (n=3,636)

Northern China (n=1,689)

Age, years, mean + SD
Gender, n (%)
Male
Female
Ethnic origin, n (%)
Han Chinese
Non-Han Chinese
Unknown
Comorbidities, n (%)
Respiratory disease
Bronchial disorder
Chronic obstructive pulmonary disease
Lung tuberculosis
Lung tumour
Lung fibrosis
Other lung infection
Other diseases
Heart failure
Renal failure
Malignant tumour
Solid tumour
Haematopoietic tumour
Diabetes
Anaemia

Surgical treatment during hospitalisation, n (%)

60.0+21.4 64.4+18.4
1,959 (53.9) 979 (58.0)
1,677 (46.1) 710 (42.0)
3,570 (98.2) 1,538 (91.1)
17 (0.5) 69 (4.1)

49 (1.4) 82 (4.9)
3,636 (100.0) 1,596 (94.5)
531 (8.0) 235 (13.9)
460 (6.9) 224 (13.3)
389 (5.8) 107 (6.3)
213 (3.2) 151 (8.9)

32 (0.5) 45 (2.7)

82 (1.2) 89 (5.3)

303 (4.5) 62 (3.7)
167 (2.5) 92 (5.4)
453 (6.8) 289 (17.1)

32 (0.5) 111 (6.6)

477 (7.1) 329 (19.5)
257 (3.9) 155 (9.2)
115 (3.1) 8(0.5)

M. pneumoniae. Hospitalizations with microbiological
diagnosis were significantly more frequent in Beijing
compared to Guangdong (P<0.0001) (Table 2).

Resistance rates to key antimicrobial agents for S. aureus,
Enterobacteriaceae, A. baumannii and P. aeruginosa between
2008-2010 and 2011-2013 are shown in Figures 1 and
2 cultured from Guangdong and Beijing hospitalisation
cases respectively.

Clinical outcomes and treatment patterns

Clinical outcomes of Guangdong and Beijing hospitalization
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cases are detailed in Figure 3. The mean (standard deviation; SD)
length of hospital stay was 12.1 (9.1) days and 20.8 (21.1)
days for Guangdong and Beijing patients respectively. The
majority of hospitalization cases (97.1%, south; 92%), north)
were discharged. Among the Guangdong hospitalization
cases, 105/3,636 (2.9%) died; 53 of these deaths (1.5%)
were attributable to pneumonia. Recurrence of infection
occurred in 172/3,393 (5.1%) patients for whom relevant
data were available. Seventy-seven (44.8%) cases of
infection recurrence occurred within 90 days. In Beijing
hospitalization cases, 135/1,689 (8.0%) died; 63 of these
deaths (46.7%) were attributable to pneumonia. Recurrence
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Table 2 Bacterial pathogen diversity among the two populations
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Bacterial strains Southern China Northern China P value
Hospitalisations with a microbiological diagnosis, n (%) 428 (11.8) 523 (31.0) <0.0001
Gram-negative bacteria, n (%)
Pseudomonas spp.
Pseudomonas aeruginosa 65 (15.2) 70 (13.4) 0.4281
Other pseudomonas spp. 26 (6.1) 5(1.0) <0.0001
Sphingomonas paucimobilis 0 6(1.1) 0.026
Moraxella spp.
Acinetobacter baumannii 89 (20.8) 118 (22.6) 0.511
Acinetobacter Iwoffii 4 (0.9) 8 (1.5) 0.413
Acinetobacter junii 3(0.7) 5(0.9) 0.670
Enterobacteriaceae
Klebsiella pneumoniae 95 (22.2) 79 (15.1) 0.005
Escherichia coli 41 (9.6) 37 (7.0) 0.164
Enterobacter cloacae 20 (4.7) 19 (3.6) 0.421
Enterobacter aerogenes 7 (1.6) 5(0.9) 0.350
Citrobacter freundii 3(0.7) 2(0.4) 0.520
Klebsiella oxytoca 0 7(1.3) 0.016
Proteus mirabilis 0 5(0.9) 0.042
Xanthomonas spp.
Stenotrophomonas maltophilia 47 (11.0) 43 (8.2) 0.148
Burkholderia spp.
Burkholderia cepacia 8(1.9) 2(0.4) 0.025
Pasteurella spp.
Haemophilus influenzae 6 (1.4) 4 (0.8) 0.338
Alcaligenes spp.
Alcaligenes xylosoxidans 4 (0.9) 0 0.026
Flavobacterium spp.
Chryseobacterium indologenes 0 4(0.8) 0.078

Table 2 (continued)
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Bacterial strains Southern China Northern China P value
Gram-positive bacteria, n (%)
Staphylococcus spp.
Staphylococcus aureus 46 (10.8) 40 (7.6) 0.097
MRSA 26 (6.1) 30 (5.7) 0.825
MSSA 20 (4.7) 9(1.7) 0.008
Staphylococcus haemolyticus 8(1.9) 10 (1.9) 0.961
Staphylococcus hominis 4(0.9) 7 (1.3) 0.572
Staphylococcus epidermidis 2 (0.5) 18 (3.4) 0.001
Streptococcus spp.
Streptococcus pneumoniae 14 (3.3) 4 (0.8) 0.005
Streptococcus agalactiae 3(0.7) 1(0.2) 0.227
Enterococcus spp.
Enterococcus faecalis (Group D) 3(0.7) 20 (3.8) 0.002
Enterococcus faecium (Group D) 2 (0.5) 30 (5.7) <0.0001

Some pathogens were identified in multiple different samples from a single patient. CAP, community-acquire pneumonia; HAP, hospital-
acquired pneumonia; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive S. aureus; TCM, traditional Chinese

medicine.

of infection occurred in 107/1,483 (7.2%) patients for
whom relevant data were available. Sixty-four cases (59.8%)
of infection recurrence occurred within 90 days. There
were no differences in bacteria isolated or clinical outcomes
among these patients (data not shown), compared with the
overall population.

An institutional guideline was used to determine whether
patients were eligible for antibiotic therapy. In both
regions, hospitalizations with positive cultures for S. aureus,
A. baumannii, P. aeruginosa, K. pneumoniae and E. coli were
associated with more frequent modification of initial antibiotic
therapy, higher in-hospital mortality, and longer length of stay
compared with the overall population (7izble S2).

The majority of hospitalization cases {[3,372/3,636
(92.7%)] and [1,575/1,689 (93.3%)] in Guangdong and
Beijing regions respectively} received antibiotic therapy.
The choices of antibiotics for initial and overall therapy
are presented in Tuble 3. It was found that the strongest
antibiotics vancomycin and cefepime, the fourth generation
cephalosporins were only used to treat 9.7% and 8.3%
patients in Beijing.

A total of 1,466 hospitalization cases (43.5%) had their
initial treatment modified. Traditional Chinese Medicine
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(TCM) was used in 3,481/3,636 (95.7%) hospitalization
cases in Guangdong; of these, 3,246 (93.2%) received TCM
in combination with an antibiotic. Seven cases (0.2%)
received TCM without conventional antimycotic, antiviral
or antibiotic therapies. Medication information was not
available for 22/3,636 (0.6%) hospitalization cases.

In Beijing, initial antibiotic treatment modification
occurred in 938/1,575 (59.6%) hospitalization cases who
received antibiotic therapy. TCM was not used at the
Beijing hospital. In total, 1,589/1,689 (94.1%) patients
were treated with conventional antibiotic, antimycotic, or
antifungal therapies; the remaining 100 (5.9%) patients
were given other medications, including blood substitutes/
perfusion solutions, antineoplastic agents, drugs for acid-
related disorders, and cardiac therapy.

Discussion

This retrospective, observational study provides detailed
information on patient demographics, microbiological
characteristics and treatment patterns, and highlights certain
similarities and key differences between the epidemiology
of pneumonia in patients admitted to hospitals in different

J Thorac Dis 2017;9(10):3875-3887
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Figure 1 Antibiotic resistance pattern of (A) Staphylococcus aureus, (B) Enterobacteriaceae, (C) Acinetobacter baumannii and (D) Pseudomonas
aeruginosa (Guangdong Provincial Hospital of Traditional Chinese Medicine). The total number of isolates tested was 30 for all except
oxacillin and cefazolin [20], ceftriaxone [5], imipenem [14], levofloxacin [19], teicoplanin [12], cefuroxime [4] for 2008-10; and 36 for
all except oxacillin and levofloxacin [34], cefazolin [21], ceftriaxone [16], imipenem [27], teicoplanin [4], cefuroxime [9] for 2011-2013.
The total number of isolates tested was 84 for all except piperacillin [44], aztreonam [54], ceftriaxone [63], cefoperazone/sulbactam [36],
meropenem [32] for 2008-2010; and was 87 for all except ampicillin/sulbactam [80], piperacillin [54], piperacillin/tazobactam [86], ceftriaxone [75],
cefoperazone/sulbactam [43], imipenem [34] for 2011-2013. The total number of isolates tested was 48 for all except ampicillin [35],
piperacillin [23], piperacillin/tazobactam [41], aztreonam [18], ceftriaxone [36], cefoperazone/sulbactam [28], imipenem [42], meropenem [21]
for 2008-2010; and was 52 for all except piperacillin/tazobactam and imipenem [39], ampicillin/sulbactam and ceftriaxone [45],
ampicillin and meropenem [30], amikacin [51], piperacillin [36], aztreonam [29], cefoperazone/sulbactam [28] for 2011-2013. The total number
of isolates tested was 22 for all except ampicillin and ampicillin/sulbactam [17] piperacillin, piperacillin/tazobactam, and aztreonam [21],
ceftriaxone [18], cefoperazone/sulbactam [7] and meropenem [14] for 2008-2010; and was 49 for all except ampicillin [26], ampicillin/
sulbactam [25], piperacillin [35], ceftriaxone [36], cefoperazone/sulbactam [32], ceftazidime [48], and meropenem [28] for 2011-2013.

regions of China. The average age of patients was 60.0+21.4
and 64.4+18.4 years in Guangdong and Beijing, respectively.
Mean length of hospital stay was 12.1 and 20.8 days,

included A. baumannii, K. pneumoniae and P. aeruginosa.
The high isolation rate of A. baumannii and P. aeruginosa is
interesting, given that these are well-known HAP pathogens

and overall mortality was 2.9% and 8.0%, respectively.
Similar spectra of bacteria were isolated at both hospitals,
with Gram-negative bacteria being predominant. The
Gram-negative bacilli that were most frequently isolated

© Journal of Thoracic Disease. All rights reserved.
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(21-24), but uncommonly involved in CAP. K. pneumoniae is
commonly involved in both CAP and HAP in Asia, Europe
and North America, with the highest association with CAP
evident in Asia and developing countries (25-27).
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Figure 2 Antibiotic resistance pattern of (A) Staphylococcus aureus, (B) Enterobacteriaceae, (C) Acinetobacter baumannii and (D) Pseudomonas
aeruginosa (Peking University People’s Hospital, Beijing, China). The total number of isolates for 2010-2011 was 7 for benzylpenicillin,
oxacillin and teicoplanin; 8 for erythromycin, levofloxacin, vancomycin, linezolid, gentamicin; and 6 for cefazolin, cefuroxime, ceftriaxone,
imipenem and meropenem. The total number of isolates tested for 2012-2013 was 32 except for cefazolin, cefuroxime, ceftriaxone,
imipenem, meropenem [13]. The total number of isolates tested was 50 for 2008-2011, and 93 from 2011-2013 except cefoperazone (49 for
2008-2010; 92 for 2011-2013). The total number of isolates tested was 30 for all except cefoperazone and ceftazidime (31 isolates tested) for
2008-2010; and 88 for all except aztreonam [66], amikacin [86], and cefoperazone and ceftazidime [87] for 2011-2013. The total number

of isolates tested was 18 for all except ampicillin, cefoperazone and ceftazidime (17 isolates tested) for 2008-2010; and 52 for all except

ampicillin [35] ceftriaxone [36] for 2011-2013.

S. awreus was the most commonly isolated Gram-
positive bacteria in both hospitals. S. aureus is recognized
as an important cause of both HAP and CAP (28). The
proportion of MRSA among S. aureus isolates was higher
in Beijing (75%) as compared with Guangdong (56%).
Clinical outcomes were worse in hospitalizations with
positive cultures for S. aureus than in the overall population,
and were particularly unfavourable for MRSA as compared
with methicillin-sensitive S. aureus.

The low frequency of identification of S. pneumoniae in
China is notable, given that it is considered to be the most
important CAP pathogen in Europe and North America (2).
S. pneumoniae is a fastidious organism that may not survive

© Journal of Thoracic Disease. All rights reserved.
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during transportation to the laboratory for analysis (29).
At both hospitals, it is standard practice to wait for several
samples to be collected before sending specimens for
microbiological analysis, potentially reducing the culture
viability of fragile bacteria such as S. preumoniae. In
addition, neither hospital performed pneumococcal urinary
antigen tests, which may have contributed to the low rate of
identification of S. pneumoniae relative to the West, where
guidelines recommend routine pneumococcal urinary
antigen testing in addition to blood cultures in hospitalized
patients with CAP (30). In China, urinary antigen
testing is not a regular test and is expensive for patients.
Most hospitals rarely perform urinary antigen testing.

J Thorac Dis 2017;9(10):3875-3887
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Figure 3 Clinical outcomes of Guangdong and Beijing hospitalization cases.

Pneumococcal vaccination is uncommon in these areas of
China, and therefore cannot explain the low frequency of
S. pnewmoniae isolation.

Antibiotic resistance among Enterobacteriaceae, A. baumannii
and P. aeruginosa generally increased between 2008-2010
and 2011-2013. In contrast, antibiotic resistance among
S. aureus generally decreased between 2008-2010 and
2011-2013. Several factors suggest that patients’ disease severity
was greater in Beijing when compared with Guangdong.
Given the similar spectrum of bacteria isolated, this is likely
to reflect the fact that Beijing is a tertiary referral facility for
patients requiring specialist care, whereas Guangdong is a
local hospital with a less severely ill case load, rather than
their different geographical locations. Deaths occurred more
frequently in Beijing (8%) compared with Guangdong (3%);
however, the proportion of deaths due to pneumonia in
hospitalization cases with MRSA infection was higher in
Guangdong (19%) compared with Beijing (7%), which may
again reflect the specialist nature of the Beijing hospital.
The average length of stay was considerably longer at
Peking University People’s Hospital (approximately
21 days) than at Guangdong Provincial Hospital of TCM
(approximately 12 days). Overall, the length of stay across
both sites was higher than that reported in a large European
epidemiology study (12.6 days) (28). There was a higher
frequency of initial antibiotic modification in Beijing (60%)
than in Guangdong (43 %), which may reflect differences
in disease severity, but both were considerably higher than
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that reported in a similar observational study of hospitalised
CAP patients in Europe (29%) (28). However, it is
important to note that empiric therapy was only modified
if patients later received a microbiological diagnosis and/
or the initial treatment was not effective, and in the current
study the modifications were mostly de-escalations of
antibiotic therapy based on microbiology test results.

This study has several strengths, particularly the
inclusion of data from two large healthcare conglomerates
in two regions of China, which helped in portraying the
pneumonia story of the entire country. The study focuses
on the adult population affected with pneumonia, and
provides valuable information on antibiotic usage, bacterial
aetiology, antimicrobial resistance patterns and clinical
outcomes, which adds to the very scarce data already
available. Importantly, given the observed differences in
China as compared with Europe/North America, treatment
recommendations in Western pneumonia management
guidelines (30,31) may need modification for use in China
and other Asian countries to avoid adverse consequences,
such as lack of antimicrobial efficacy, increased morbidity
and mortality, and the development of antimicrobial
resistance.

Limitations of this study include the retrospective design
which includes uncertainty regarding the case definitions;
inconsistencies in recording patient data and microbiological
testing methods; lack of HAP or CAP diagnosis; and the
lack of urinary antigen testing for atypical pathogens such
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Table 3 Choice of antibiotics in southern and northern China

Liu et al. Epidemiology of pneumonia in Chinese adults

Number of patients receiving antibiotics during hospitalization, n (%)

Initial hospitalization case

Overall hospitalization case

Antibiotics
Southern China Northern China Southern China Northern China

(n=3,372) (n=1,575) (n=3,372) (n=1,575)
Quinolone antibacterials 1,080 (32.0) 720 (45.7) 1,563 (46.4) 1,085 (68.9)
Fluoroquinolones 1,080 (32.0) 720 (45.7) 1,563 (46.4) 1,085 (68.9)
Moxifloxacin 172 (5.1) 493 (31.3) 393 (11.7) 808 (51.3)
Levofloxacin 895 (26.5) 177 (11.2) 1,234 (36.6) 374 (23.8)
Beta-lactam antibacterials, penicillins 197 (5.8) 363 (23.1) 408 (12.1) 614 (39.0)
Beta-lactamase sensitive penicillins 175 (5.2) 257 (16.3) 365 (10.8) 475 (30.2)
Benzylpenicillin 175 (5.2) 257 (16.3) 364 (10.8) 475 (30.2)
Combinations of penicillins + beta- 179 (5.3) 223 (14.2) 373 (11.1) 445 (28.3)
lactamase inhibitors
Piperacilin and Sulbactam 67 (2.0) 115 (7.3) 125 (3.7) 201 (12.8)
Piperacilin and Tazobactam 83 (2.5) 108 (6.9) 209 (6.2) 275 (17.5)
Other beta-lactam antibacterials 2,107 (62.5) 579 (36.8) 2,398 (71.1) 943 (59.9)
Carbapenems 70 (2.1) 86 (5.5) 253 (7.5) 217 (13.8)
Meropenem - 82 (5.2) - 212 (13.5)
Imipenem cilastatin 60 (1.8) - 210 (6.2) -
Second generation Cephalosporins 819 (24.3) 75 (4.8) 965 (28.6) 327 (20.8)
Cefuroxime 573 (17.0) 63 (4.0) 664 (19.7) 176 (11.2)
Cefaclor - - - 161 (10.2)
Cefmetazole 96 (2.9) - 122 (3.6) -
Third generation cephalosporins 1,222 (36.2) 377 (23.9) 1,618 (48.0) 597 (37.9)
Ceftazidime - 230 (14.6) - 385 (24.4)
Ceftriaxone - 129 (8.2) 658 (19.5) 211 (13.4)
Cefoperazone and tazobactam 354 (10.5) - 469 (13.9) -
Cefixime 25(0.7) - 464 (13.8) -
Fourth generation cephalosporins - 42 (2.7) - 130 (8.3)
Cefepime - 42 (2.7) - 130 (8.3)
Macrolides, lincosamides and 345 (10.2) 155 (9.8) 674 (20.0) 403 (25.6)
streptogramins
Macrolides 338 (10.0) 146 (9.2) 658 (19.5) 379 (24.1)
Azithromycin 314 (9.3) 132 (8.4) 566 (16.8) 310 (19.7)
Erythromycin - - 92 (2.7) 61 (3.9
Roxithromycin - - 94 (2.8) -
Other antibacterials 89 (2.6) 114 (7.2) 244 (7.2) 352 (22.4)

Table 3 (continued)
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Table 3 (continued)
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Number of patients receiving antibiotics during hospitalization, n (%)

Initial hospitalization case

Overall hospitalization case

Antibiotics
Southern China Northern China Southern China Northern China

(n=8,372) (n=1,575) (n=8,372) (n=1,575)
Teicoplanin - 21 (1.3) - 117 (7.4)
Imidazole derivatives 81 (2.4) 39 (2.5) 130 (3.9) 119 (7.6)
Metronidazole 25(0.7) 37 (2.4) - 107 (6.8)
Omidazole 59 (1.8) - 81 (2.4) -
Others - - - 71 (4.5)
Linezolid - - - 71 (4.5)
Aminoglycoside antibacterials - 38 (2.4) 153 (4.5) 127 (8.1)
Other aminoglycosides - 38 (2.4) 151 (4.5) 127 (8.1)
Etimicin - 28 (1.8) - 89 (5.7)
Amikacin - - 92 (2.7) -

as Mycoplasma pneumoniae. Specimen collection following
antibiotic use, or delays in specimen transport, might have
affected the levels of isolation of specific bacteria.

Conclusions

Of all pathogens identified, Staphylococcus aureus infection
(particularly with methicillin-resistant S. aureus) was
associated with poor clinical outcomes in both regions;
however antibiotic resistance among S. aureus generally
decreased during the study data collection periods. This
study also shows that disease severity was greater in Beijing
as compared with Guangdong and this may be associated
with higher microbiological diagnosis rate and higher
frequency of initial antibiotic modification among Beijing
populations. This comprehensive data on the microbiology,
aetiology, treatment pattern and clinical outcomes among
the two regions of China may help to develop appropriate
treatment and improve the detection, prevention and
control of pneumonia in Chinese adults.
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Supplementary

Table S1 Bacterial pathogens isolated in >2 hospitalizations collected early (<3 days after admission) and late (>3 days after admission), Peking

University People’s Hospital, Beijing, China

Bacterial strains

Early sample collection (n=337)

Late sample collection (n=275)

Gram-negative bacteria
Acinetobacter baumannii
Klebsiella pneumoniae
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
Escherichia coli
Klebsiella oxytoca
Enterobacter cloacae
Enterobacter aerogenes
Proteus mirabilis
Acinetobacter junii
Sphingomonas paucimobilis
Acinetobacter Iwoffii
Chryseobacterium indologenes
Haemophilus influenzae

Gram-positive bacteria
Staphylococcus aureus
Enterococcus faecium (group D)
Staphylococcus epidermidis
Enterococcus faecalis
Staphylococcus haemolyticus
Staphylococcus hominis

Streptococcus pneumoniae

39 (11.6)
27 (8.0)
33 (9.8)
11 (3.3)
13 (3.9)

15 (4.5)
7.9
2(0.6)
6(1.8)
4(1.2)
1(0.3)
3(0.9)

79 (28.7)
52 (18.9)
37 (13.5)
32 (11.6)
24 8.7)
3(1.1)
14 (5.1)
4 (1.5)
4(1.5)
2(0.7)
2(0.7)
1(0.4)
1(0.4)
1(0.4)

25 (9.1)
23 (8.4)
16 (5.8)
14 (5.1)
6 (2.2)
6 (2.2)
1(0.4)

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; SD, standard deviation.

Table S2 Clinical outcomes in hospitalizations with MRSA, MSSA, Acinetobacter baumannii, Pseudomonas aeruginosa, Escherichia coli, and Klebsiella pneumoniae

MRSA MSSA Acinetobacter baumannii Pseudomonas aeruginosa Escherichia coli Klebsiella pneumoniae
Clinical outcomes Southern China Northern China Southern China Northern China Southern China Northern China Southern China Northern China Southern China Northern China Southern China Northern China
(n=26) (n=30) (n=20) (n=9) (n=89) (n=118) (n=65) (n=70) (n=41) (n=37) (n=95) (n=79)
Antibiotic modification, n (%) 23 (88.5) 28 (93.3) 11 (55.0) 6 (66.7) 64 (71.9) 98 (83.1) 45 (69.2) 59 (84.2) 28 (68.3) 28 (75.7) 63 (66.3) 65 (82.3)
Length of stay, mean = SD (median) days 32.0+30.6 (26.0) 63.6+51.2 (47.0)  27.9+22.6 (21.0) 33.4+27.7 (22.0)  28.9+24.2 (21.0) 39.8+35.3 (28.5)  25.9+21.2(20.0)  41.3+37.8 (25) 25.4+23.0 (15) 43.0+36.7 (29) 21.6+16.6 (18)  47.9+38.8 (37.5)
All-cause in-hospital mortality, n (%) 7 (26.9) 7 (25.0) 1(2.5) 3 (37.5) 20 (22.5) 37 (31.4) 6(9.2) 9 (12.9) 9 (22.0) 9 (24.3) 14 (14.7) 14 (17.7)
In-hospital mortality caused by pneumonia, n (%) 5(19.2) 2(6.7) 0 0 11 (12.4) 20 (17.0) 3(4.6) 4(.7) 7(17.1) 3@8.1) 7(7.4) 8(10.1)

MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; SD, standard deviation.



