3

ORIGINAL RESEARCH

Etiology of Community-Acquired Pneumonia
Requiring Hospital Admission in Adults with and
Without Cancers: A Single-Center Retrospective

Study in China

Xinxin Wang'*

Haihua Zhang'*

Tao Zhang®'

Lei Pan'

Ke Dong?

Ming Yang?

Ruina Ma'

Yujuan Li'

'Department of Pulmonary and Critical
Care Medicine, The Second Affiliated
Hospital of Air Force Medical University,
Xi'an, People’s Republic of China;
2Department of Laboratory, The Second
Affiliated Hospital of Air Force Medical

University, Xi’an, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Tao Zhang
Department of Pulmonary and Critical
Care Medicine, The Second Affiliated
Hospital of Air Force Medical University,
Xi’an, People’s Republic of China

Email zhangft@fmmu.edu.cn

This article was published in the following Dove Press journal:
Infection and Drug Resistance

Background: The etiology and distribution of community-acquired pneumonia (CAP) vary
periodically and geographically. The clinical evaluation of CAP among patients with cancers
remains unknown.

Patients and Methods: This retrospective hospital-based study on adult CAP was conducted in
Tang Du Hospital, China, from September 2018 to August 2019. The demographic characteristics,
clinical manifestations and laboratory data were extracted from medical records and compared
between CAP patients with and without cancers. Univariable and multivariable logistic regression
methods were used to explore risk factors associated with CAP patients with and without cancers.
Results: Data from 149 CAP patients with cancers and 268 CAP patients without cancers were
analyzed. Patients without cancers were more likely to show fever, cough and yellow sputum,
higher level of neutrophil count than the cancer patients. Klebsiella pneumoniae (K. pneumoniae
14.77% vs 9.33%, p = 0.093) and Streptococcus pneumoniae (S. pneumoniae 16.11% vs 11.57%,
p = 0.189) were among the most commonly encountered pathogens in both the groups.
Pseudomonas aeruginosa (P. pneumoniae 26.50% vs 11.41%, p < 0.001), Mycoplasma pneumo-
niae (M. pneumoniae 8.21% vs 1.34%, p = 0.003), and filamentous fungi (10.82% vs 4.7%, p =
0.033) were predominant in CAP patients without cancers. Haemophilus influenzae (H. influenzae
22.15% vs 14.18%, p = 0.038) and methicillin-resistant Staphylococci (MRS 23.49 vs 15.68, p =
0.049) were more prevalent for CAP cancer patients. Certain pathogens were increasing in a cold
season. In patients without cancers, MRS, H. influenzae and P. aeruginosa were associated with
central nervous system (CNS) disease, connective tissue disease, bronchiectasis, respectively. In
addition, healthy adults were likely to be infected with M. pneumoniae showing fever.
Conclusion: CAP patients with cancers had atypical clinical manifestations and showed no
distinct increase in inflammatory markers. The predominant pathogens differed as well as similar
between the CAP patients with and without cancers. Certain pathogens follow a seasonal pattern.
CNS disease, connective tissue disease and bronchiectasis were associated with the predominant
pathogens in patients without cancers.
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Introduction

Community-acquired pneumonia (CAP) is a common infectious disease worldwide.
Pneumonia was the fourth leading cause of death globally and the first in low-
income countries in 2016." In general, older individuals and patients with
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underlying comorbidities and immunocompromised
patients, such as those with cancers, are at a higher risk
for CAP.>* Previous studies have reported that androgen
deprivation for prostate cancer was associated with an
increased risk of hospitalization for community-acquired
pneumonia in men with prostate cancer.® In cancer
patients, the incidence rate of pneumonia was increased
approximately more than threefold compared to healthy
subjects.’ In addition, the incidence rate of CAP was high
in patients with cancers with strong variations by cancer
subtype. Lung cancer patients had a 21-fold higher risk
compared to the cohort without cancer; however, breast
cancer patients had 1.7-fold.” Advancements in therapeutic
protocols (such as operation, radiation, chemotherapy, tar-
geted therapy, and immunotherapy) have led to prolonged
survival and a good quality of life. However, these
advancements are also associated with some serious
adverse effects. The number of cancer patients with CAP
requiring hospital admission is constantly increasing.
Furthermore, in patients with advanced lung cancer who
have had lung resection, CAP is a serious and often life-
threatening condition.®® The rate of postoperative bacter-
ial pneumonias remains high and may confer an increased
risk of metastasis.’

During the initial management of a patient with CAP, it
is crucial to identify possible risk factors and empirical
antimicrobial treatments, as the causative pathogen is
unknown. Usually, traditional culture-based diagnostic
methods may not be sufficiently sensitive to detect patho-
gens, as even the more common bacterial pathogens
require at least 48 hrs to culture. It has been reported
that a microbiological identification was found in about
30% of hospitalized patients with CAP.'>!'" Pathogens
were often not found even in severe CAP in the intensive
care unit.'>"3 It is often difficult to obtain a good-quality
lower respiratory tract specimen for culture, leaving phy-
sicians with poor-quality specimens or no culture data at
all, particularly among patients with advanced cancer and
severe infection. Only a minority of pathogen isolates are
available from bronchoalveolar lavage fluid (BALF).'*

Nevertheless, the etiology of CAP patients with can-
cers remains limited. The distribution of pathogens in CAP
varies periodically and geographically. The reported
results were mainly based on traditional culture results,
and we hypothesized that the etiology of CAP might differ
from that reported previously, as rapid diagnostic tests

were introduced extensively.

Thus, the aim of this article is to compare the preva-
lence, microbiology, and risk factors of CAP in hospita-
lized patients with and without cancer to help clinicians
choose more appropriate management strategies and mini-
mize the unnecessary use of broad-spectrum antibiotics.

Patients and Methods
Study Design and Site

This single-center retrospective observational study included
adult patients with a diagnosis of CAP, who had been
admitted to the Tang Du Hospital in Xi’an, Shaan xi pro-
vince, between September 2018 and August 2019. The Tang
Du Hospital affiliated to the Air Force Medical University is
a 3000-bed capacity hospital and is one of the five biggest
tertiary care hospitals in the region. The hospital, which sees
2 million outpatients and 130 thousand inpatients annually,
mainly serves as the referral center for patients requiring
tertiary medical care from Xi’an City and other cities of the
Shaan Xi province in the northwest district of China.

Patient Collection
Patients were recruited for the study based on an initial clinical
diagnosis of CAP by the admitting physician, according to the
clinical practice guidelines for the diagnosis and management
of CAP (Chinese Respiratory Association, 2016)."

The inclusion criteria were as follows:

1. Pneumonia developed outside the hospital, includ-
ing within 48 hrs after admission with the pathogen
in the incubation period;

2. There were pneumonia-related clinical manifesta-
tions, including

(1) Newly developed cough and expectoration, or aggra-
vation of original respiratory disease symptoms;

(2) Fever;

(3) Signs of lung consolidation and (or) wet rale;

(4) Peripheral blood leukocyte count >10x10%/L or <4
x10%/L, with or without a shift to the left;

3. Chest imaging revealed new shadow with patchy
infiltrations, leaf or segment consolidation, ground-
glass shadow, and interstitial change, with or without
pleural effusion.

4. Pathogens should be clearly detected in sputum or
BALF.

5. Patients aged 18 years or older.
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All the patients meeting 1, 3, 4, 5 and one of
the second items were eligible.
The exclusion criteria were as follows:

1. The cause of hospital admission was Any other non-
infectious pulmonary interstitial diseases, pulmonary
edema, atelectasis, pulmonary embolism, pulmonary
eosinophil infiltration, and pulmonary vasculitis,
except cancers.

2. Tuberculosis and viral pneumonia,

3. Microbial colonization without therapy.

If the patients met one of the three items, they were
excluded.

PSI scores and other medical conditions were used to
deem patients with CAP eligible for hospital admission.'
For analysis, patients were divided into two groups (one
group with cancers and another without cancers) according
to the presence of co-cancer.

Data Collection

Patient information, including demographic characteris-
tics, clinical symptoms and signs, and laboratory data
were extracted from medical records. Two researchers
then independently reviewed the collected data in cases
recorded forms and a third researcher adjudicated any
disagreements.

Microbiological Detection

Causative pathogens were mainly identified from sputum and
BALF samples were collected within 24 hrs after hospital
admission according to local standard operating procedures.
Samples were evaluated when the gram-staining revealed
numerous leukocytes leukocytes (>25 in a microscopic field
at x100 magnification) and few squamous epithelial cells (<10
in a microscopic field at X100 magnification). The sample size
should not be less than 6 mL. Nucleic acid amplification
techniques (loop-mediated isothermal amplification, LAMP,
CaptialBio Technology, China) and routine microbiological
culture (microdilution method) were used to detect pathogens.
As for conventional culture, when the sputum contained>10’
colony-forming units (CFU)/mL or the BALF showed >10°
CFU/mL bacteria, the identified strains were then considered
as the causative pathogens. A nucleic acid load of at least 5 %
10% copies/uL in LAMP was considered a positive result.
Methicillin-resistant Staphylococci(MRS), Mycoplasma pneu-
moniae(M. pneumoniae), Legionella pneumophila and
detected by LAMP.

Chlamydia  pneumoniae  were

Streptococcus pneumoniae (S. pneumoniae), Staphylococcus

aureus, Pseudomonas aeruginosa(P. aeruginosa),
Haemophilus influenzae(H. influenzae), Klebsiella pneumo-
niae(K. pneumoniae), Escherichia coli, Acinetobacter bau-
mannii, Stenomonas maltophilia were tested by either culture
or LAMP. Fungi, actinomyces and other rare bacteria were

detected by culture.

Statistical Analysis

In the statistical analysis, categorical variables showed as
counts (percentages) were compared with the chi-square test
and the Fisher’s exact test. Continuous variables expressed as
the median values with non-normal distribution or the means +
SD for those with normal distribution were compared using
the Student’s #-test or the nonparametric Mann—Whitney
U-test when appropriate. All tests were two-tailed and the
significance level of a was set at 0.05.

To identify potential risk factors, univariate and multivari-
able logistic regression were performed to assess the associa-
tion of demographic and clinical manifestations with some
pathogens; odds ratios (OR), and 95% confidence intervals
(CI) were calculated. Variables, that showed a significant result
univariately (p < 0.05), was included in the corresponding
multivariate logistic regression by a backward stepwise
model. Considering the number of patients of certain patho-
gens (2<n<71) in our study and to avoid overfitting in the
model, six variables (bronchiectasis, sex, connective tissue
disease, CNS diseases, no comorbidities, fever) were chosen
for multivariable analysis on the bases of clinical constraints.
All analyses were performed with IBM SPSS Statistics V21.0.

Results
A total of 14,417 adults were diagnosed with pneumonia in our
institution from September 2018 to August 2019. Eight thou-
sand eight hundred and eighteen patients had no pathogen
findings. Because microbiological detection was not per-
formed in some patients or others had negative bacterial results
(Figure 1). Two thousand seven hundred and thirty-six cases
and 1752 cases were hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP), respectively. In addi-
tion, 655 patients were diagnosed with non-infectious pneu-
monia. After the patients with concomitant tuberculosis, and
a virus infection were excluded, 417 patients remained, who
were included in the analysis. There were 149 CAP patients
with cancer (lung cancer up to 73.8%) and 268 CAP patients
without cancer (Figure 2).

Figures 3, 4 and 5 illustrate the annual trend of the
number of cases of pneumonia with different causative
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14417 adult pneumonia inpatients
were collected
13306 excluded
8818 no pathogen identified
» 1752 VAP
2736 HAP
655 non-infectious pneumonia
Y
456 CAP patients were eligible
39 excluded

28 co-tuberculosis
11 virus or co-virus

Y
417 CAP patients met the criteria
included in analysis

A

A

268 CAP patients without cancer 149 CAP patients with cancer

Figure | Flow diagram of patients screening and recruitment.
Abbreviations: CAP, community-acquired pneumonia; HAP, hospital-acquired pneumonia; VAP, ventilator-associated pneumonia.

agents. As seen in Figure 5, patients infected with and S. pneumoniae in cancer patients were increasing in
P aeruginosa without cancer showed sharp peaks in  September and October, respectively (Figures 3 and 4,
March and September. The circulation of K. pneumoniae  Supplementary Tables 1 and 2). H. influenzae pneumonia

= Lung cancer(n=105) = Esophaeal cancer(n=12) = Hematologic cancer(n=11) = Laryngeal Cancer(n=5)

= Genital cancer(n=5) = Other cancers(n=5) = Two cancers(n=4) = Gastric cancer(n=2)

Figure 2 Prevalence of different types of cancers.
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Figure 3 Seasonal distribution of Streptococcus pneumoniae among CAP patients with cancers and without cancers between September 2018 and August 2019.

Abbreviations: CAP, community-acquired pneumonia; NC, no cancer; C, cancer.

with the most number of cases occurred in July in both
groups (Figure 5, Supplementary Tables 1 and 2).

As shown in Table 1, the median age of the CAP
patients without and with cancer were 60 and 61 years,

respectively. In addition, cancer patients had a lower fre-
quency of smoking (72.76% vs 69.13%, p < 0.001) and
fewer other underlying diseases (26.12% vs 61.07, p <
0.001). Patients without cancer (73.88%) had more other
chronic airway diseases such as bronchiectasis (23.51% vs
3.36%, p < 0.001), connective tissue disease (11.19% vs
5.37%, p = 0.048), and CNS disease (15.67% vs 2.68%,
p < 0.001). Patients without cancer were more likely to
show fever (44.40% vs 22.82%, p < 0.001) with a higher
median body temperature (37°C vs 36.8°C, p < 0.001),
respiratory failure (22.39 vs 10.74, p = 0.003), cough
(87.31% vs 73.15%, p < 0.001), and yellow sputum

(39.55% vs 28.86%, p = 0.029). There were no distinct
increases in the median value of blood cells between two
groups, except the neutrophil counts (5.40 vs 5.01, p =
0.044) were higher in patients without cancer. In the event
of a microbial infection.

K. pneumoniae and S. pneumoniae were among the
predominant pathogens in both the groups (Table 2).
P aeruginosa (24.63% vs 10.07%, p < 0.001) and
M. pneumoniae (8.21% vs 1.34%, p < 0.004) were pre-
dominant in patients without cancers. H. influenzae
(18.80% vs 11.20%, p = 0.032) was more prevalent in
cancer patients.

Table 3 shows the overall distribution of pathogens as
isolated alone and/or in combination with other pathogens
(mixed infection). MRS (23.49% vs 15.68%, p=0.049) and
filamentous fungi (10.82% vs 4.7%, p = 0.033) were the

Klebsiella pneumoniae
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Figure 4 Seasonal distribution of Klebsiella pneumoniae among CAP patients with cancers and without cancers between September 2018 and August 2019.

Abbreviations: CAP, community-acquired pneumonia; NC, no cancer; C, cancer.

Infection and Drug Resistance 2020:13

submit your manuscript

1611

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=251564.zip
https://www.dovepress.com/get_supplementary_file.php?f=251564.zip
http://www.dovepress.com
http://www.dovepress.com

Wang et al

Dove

16

S}

January February March April May June

MRS e Pseudomonas aeruginosa

Haemophilus influenzae

July August September October November  December

Filamentous fungi e Mycoplasma pneumoniae

Figure 5 Seasonal distribution of predominant pathogens among overall CAP patients between September 2018 and August 2019.

Abbreviation: CAP, community-acquired pneumonia.

prevalent agents in patients with and without cancers,
respectively.

The results of the univariate and multivariate logistic
regression analysis revealed that in CAP patients without
cancers, bronchiectasis was a risk factor for P. aeruginosa.
Patients without other chronic diseases seemed to be more
frequently affected by M. pneumoniae and showed fever
(Table 4). CNS diseases and connective tissue diseases were
associated with infections by MRS and H. influenzae, respec-
tively (Tables 4 and 5). No risk factors were related to the
predominant pathogens for CAP patients with cancers
(Supplementary Table 3). There were also no risk factors

associated with K. pneumoniae and S. pneumoniae for overall
CAP patients (Supplementary Table 4).

Discussion

The number of cases of CAP in China ranged from 29.8 to
221.0 per 10,000 admissions.'® In our hospital, there were
a total of 9274 CAP patients requiring hospitalization from
September 2018 and August 2019. The patients were older
with more coexisting medical conditions and approximately
5% of cases of CAP could be precisely treated for the detected
pathogens. Because the research center was a tertiary medical
care. With large improvements in the level of primary medical
care and government efforts to promote primary medical insur-

1718 young patients with CAP could be success-

ance policies,
fully treated in primary hospitals or cured by empirically oral
antibiotics in outpatient settings. However, the elderly, who

were easily exposed to bacterial colonization and difficult to be

treated for its complexity with a variety of comorbidities (such
as chronic diseases and cancer), needed more careful care in
tertiary hospitals. Some patients were seriously ill and we
could not obtain qualified sputum specimens for pathogens
detection. In addition, some other pneumonias showed a dry
cough, so there was no sputum for pathogen detection.

The results of our study showed that the number of cases of
P, aeruginosa rose sharply in March and September. The CAP
patients with cancers, who were infected with K. preumoniae
and S. pneumoniae were increasing in September and October,
respectively. The northwest region of China has a warm season
(March—-May) and a cold season (September—November).
Invasive pneumococcal disease commonly follows a seasonal
pattern.'” Particularly, during seasonal changes from warm to
cold weather, people who do not adapt to the season in a timely
manner are susceptible to respiratory infections. Patients with
cancers were more likely to be infected in a cold season.
Surprisingly, the circulation of H. influenzae was highest in
July in both the groups, which is inconsistent with literatures.*’
More samples are needed to further study the phenomenon.

Compared with patients without cancers, we found that
77.18% of the CAP patients with cancers did not show typi-
cally clinical symptoms of fever. Besides, the median value of
neutrophil, as one of the inflammatory indicators, was lower
for cancer patients. In two previous studies, patients with post-
obstructive pneumonia due to malignancy were less likely to
have leukocytosis, and serum inflammatory markers were sig-
nificantly lower.>'** Contributory mechanisms might include
humoral immune deficit, cellular immune deficit or neutrophil
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Table | Characteristics of CAP Patients with and Without
Cancers (n = 417)
Variables NC-CAP C-CAP P-value
(n=268) (n=149)

Age (years), 60.0 (52.3-68.0) | 61 (56.0-70.0) 0.001

median (IQR)

Sex (male), n (%) 167(62.30) 126(84.56) <0.001

Smoke 195(72.76) 103(69.13) <0.001

Comorbidities,

n (%)
Bronchiectasis 63(23.51) 5(3.36) <0.001
COPD 42(15.67) 15(10.07) 0.110
ILD 18(6.72) 4(2.68) 0.078

Asthma 0 1(0.67) 0.179
Pulmonary 3(1.12) 1(0.67) 0.653
embolism
Connective 30(11.19) 8(5.37) 0.048
tissue diseases
Diabetes 26(9.70) 12(8.05) 0.575
mellitus
Cardiovascular 78(29.10) 48(32.21) 0.507
diseases
CNS diseases 42(15.67) 4(2.68) <0.001
Renal diseases 5(1.87) 4(2.68) 0.581
Gastrointestinal | 18(6.72) 12(8.05) 0.613
diseases
Liver and gall 9(3.36) 8(5.37) 0.320
disease

No comorbidities | 70(26.12) 91(61.07) <0.001

Clinical findings,

n (%)
Fever 119(44.40) 34(22.82) <0.001
Cough 234(87.31) 109(73.15) <0.001
White sputum 104(38.81) 46(30.87) 0.106
Yellow sputum 106(39.55) 43(28.86) 0.029
Chest pain 28(10.45) 18(12.08) 0.610
Dyspnea 122(45.52) 52(34.09) 0.700
Hemoptysis 42(15.67) 26(17.45) 0.638
Fatigue 23(8.58) 12(8.05) 0.852
Nausea and 8(2.99) 1(0.67) 0.167
vomiting

Complete blood

count

(*10°cell/L),

median (IQR)
WBC 7.80 7.32 0.054

(5.61-10.77) (5.40-10.23)
Neutrophil 5.40 (3.68-8.01) | 5.01 (3.59-7.64) | 0.044
Lymphocyte 1.30 (0.95-1.77) | 1.23 (0.85-1.78) | 0.313
Monocytes 0.55 (0.39-0.79) [ 0.51 (0.37-0.79) | 0.473
(Continued)

Table | (Continued).

Variables NC-CAP C-CAP P-value
(n=268) (n=149)
Platelet 236.00 231.00 0.845
(172.00-295.75) | (173.00-307.00)
CRP (mg/L)
Known, n (%) 128(47.76) 58(38.93) 0.082
CRP > normal 93(34.70) 39(26.17) 0.073
value, n (%)
PCT (ng/dL)
Known, n (%) 163(60.82) 80(53.69) 0.157
PCT >0.5,n (%) | 14(5.22) 14(9.40) 0.103
PCT > 0.5, 1.02 (0.73-7.10) | 1.53 (0.78-3.24) | 0.053
median (IQR)
Respiratory 60(22.39) 16(10.74) 0.003
failure, n (%)
Body temperature | 37.0 (36.7-38.7) | 36.8 (36.5-37.2) | <0.001
(°C), median
(IQR)

Abbreviations: SD, standard deviation; IOR, interquartile range; BALF, bronchoal-
veolar lavage fluid; COPD, chronic obstructive pulmonary disease; ILD, interstitial
lung disease; CNS, central nervous system; WBC, white blood cell; CRP, C-reaction
protein; PCT, procalcitonin; IQR, interquartile range; NC-CAP, no cancer-
community-acquired pneumonia; C-CAP, cancer-community-acquired pneumonia.

disorders. Moreover, cancer patients may experience neutro-
penia as a side effect of chemotherapy and radiotherapy.

It was reported that cancer patients with CAP had worse
outcomes. Loss of p53, which is a common feature of human
cancer, can aggravate lung injury during pneumonia.>*
However, our population of CAP patients with cancer did
not show worse respiratory failures. This could be attributed
to the fact that patients selected for this study had relatively
milder infections. Patients with severe infections, who were
mechanically ventilated prior to specimen collection or had
poor-quality lower respiratory tract sputum for pathogen
detection, were excluded from the study.

We found that most of the samples in our study were
BALF, which were better for the isolation of pathogens. The
predominant pathogens were H. influenzae, M. pneumoniae,
and S. pneumoniae, which were similar to those mentioned in
the guidelines."> H. influenzae was found to be significantly
abundant in patients with cancer. P. aeruginosa and filamen-
tous fungi, which were usually found in the nosocomial
pathogen spectrum, were predominant in the group of
patients without cancers. Because 73.88% of the patients
without cancers suffered from chronic illnesses, and some
cases received glucocorticoids treatment.

Infection and Drug Resistance 2020:13
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Table 2 Etiologic Microorganisms of CAP Patients with and
Without Cancers (n = 417)

Table 3 Overall Distribution of Pathogens as Isolated Alone and/
or in Combination with Other Pathogens (Mixed Infection)

Abbreviations: MRS, methicillin-resistant Staphylococci; BALF, bronchoalveolar lavage
fluid; MRSE, methicillin-resistant Staphylococcus epidermidis; NC-CAP, no cancer-
community-acquired pneumonia; C-CAP, cancer-community-acquired pneumonia.

MRS, which is a common colonization of the
respiratory tract, consists mainly of Methicillin-resistant
coagulase-negative staphylococci (MR-CoNS) and methi-

cillin-resistant  Staphylococcus aureus (MRSA). MR-

C-CAP NC-CAP P-value C-CAP NC-CAP P-value
(n=149) (n=268) (n=149) (n=268)
Specimen (BALF), n (%) | 98(65.78) 186(69.40) 0.446 Specimen (BALF), 98(65.78) 186(69.40) 0.953
n (%)
Pathogen
Gram-positive Pathogen
pathogens, n (%) MRS 35(23.49) 42(15.68) 0.049
MRS 25(16.78) 31(11.57) 0.135 Streptococcus 24(16.11) 31(11.57) 0.189
Streptococcus 16(10.74) 22(8.21) 0.39 pneumoniae
pneumoniae Pseudomonas 17(11.41) 71(26.50) <0.001
Staphylococcus aureus | 2(1.34) 3(1.12) 0.354 aeruginosa
AIC Streptococcus 1(0.67) 1(0.37) | Haemophilus 33(22.15) 38(14.18) 0.038
Enterococcus faecalis 1(0.67) 0 0.357 influenzae
MRSE 0 1(0.37) I Klebsiella 22(14.77) 25(9.33) 0.093
G . pneumoniae
ram-negative Mycoplasma 2(1.34) 22(821) 0.003
pathogens, n (%) .
Pseudomonas 15(10.07) 66(24.63) <0.001 pneumoniae
se .| 8 .
! ) Filamentous fungi 7(4.70) 29(10.82) 0.033
aeruginosa
Haemophilus 28(18.80) 30(11.20) 0.032 Abbreviations: MRS, methicillin-resistant Staphylococcus; NC-CAP, no cancer-
. community-acquired pneumonia; C-CAP, cancer-community-acquired pneumonia.
influenzae
Klebsiella pneumoniae | 15(10.07) 19(7.09) 0.287
Escherichia coli 2134 0 0.057 CoNS is less pathogenic. But MRSA is generally regarded
Acinetobacter 2(1.34) 7(2.61) 0.181 i oo
baumanni as one of the causative pathogens of nosocomial infec-
Moraxella catarrhalis 1(0.67) 1037 | tions. It accounts for 20-40% of HAP cases and is globally
Enterobacter 1(0.67) 4(1.50) 0.659 limited in cases of CAP.>> It was estimated to occur in
aerogenes/cloacae 0.51-0.64 cases per 100,000 inhabitants with community-
Stenomonas 2(1.34) 5(1.87) ! acquired MRSA (CA-MRSA) pneumonia.”® One study in
maltophiia the USA showed that the rate of CA-MRSA pneumonia
Atypical pathogens, was 2.5%.%” In China, only a few cases of MRSA pneu-
n (%) monia were reported in CAP adolescents.!> However,
Legionella 2(1:34) 1(0.37) 0291 MRS pneumonia cases were widely prevalent in our
pneumophila tudv. S f ¢ foul e
Mycoplasma 2(1.34) 26821) 0.004 s.u y. S. a.uretfs v.va.s a reqlfen cause (.) pulmonary infec-
pneumoniae tion targeting individuals with underlying pulmonary con-
ditions, including intubation, COPD, and especially cystic
Fungi, n (%) . . .
fibrosis. The in ndent risk factors for MRSA-CAP
Filamentous fungi 6(4.03) 23(8.58) 0.08 brosis ¢ indepe de' . s . ctors 1o S’ c
Candida tropicalis 2(1.34) 2(7.46) | were reassessed as hospitalization for 2 days during the
Torulopsis glabrata 2(1.34) 1(0.37) 0291 preceding 90 days, chronic dialysis during the preceding
Actinomyces 0 1(0.37) I 30 days, congestive heart failure use of antibiotics in the
Other pathogen, n (%) | 4(2.68) 10.37) 0.057 previous 90 days, and use of gastric acid-suppressive
agents.”® 73.88% of our patients without cancers suffered
Mixed path , n (% 20(13.42 27(10.07 0.3 . . .
ixed pathogen. n (%) (1342 (1007) from a variety of chronic diseases and needed frequent

medical treatments. The immunosuppression was asso-
ciated with all resistant pathogens including MRSA.
Moreover, in some patients in the study, it was challenging
to differentiate colonization from pathogens. The current
guidelines for the treatment of pneumonia published by the
American Thoracic Society and Infectious Diseases
Society of America recommend empiric MRSA coverage
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Table 4 Univariate and Multivariate Logistic Regression Analyses of CAP Patients Without Cancers

Factors MRS OR(95% CI) Mycoplasma pneumoniae OR(95% CI) Pseud: aerugi OR(95% CI)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
Bronchiectasis 0.298 0.258 (0.084-0.794) 8.470 7.266
(0.102-0.871) (4.509-15.908) (3.574-14.770)
CNS diseases 3.303 2.511(1.130-5.580)
(1.415-6.489)

Connective tissue

diseases

Sex

Fever 4.800 (1.716-13.430) | 5.265 (1.759-15.763)

No comorbidities 0.360(0.146-0.888) 7.442(2.890-19.164) | 4.093 (1.511-11.086) | 0.316 (0.148-0.677)

Note: Blank cells indicate no statistical significance.

Abbreviations: CNS, central nervous system; OR, odds ratio; Cl, confidence interval.

in at-risk patients, associated with significant mortality and
morbidity.** Finally, the apparent increase of MRS has
resulted from improved techniques for the isolation of
MRS. Newer polymerase chain reaction (PCR)-based
molecular diagnostics for pathogen detection of the mecA
gene, which is the genetic mechanism of resistance in
community-acquired MRSA (CA-MRS) were used to
detect methicillin-resistant staphylococci rapidly and sen-
sitively. Methicillin resistance in S. aureus is primarily
mediated by mecA, which is detected in our study by loop-
mediated isothermal amplification. However, mecA is also
widely distributed among coagulase-negative staphylo-
cocci (CoNS). Thus, mecA alone cannot discriminate
between MRSA and MR-CoNS.>° Also, the mecA-

negative remnants of the SCC mec element may cause
false-positive results.’! Inevitably, some patients may be
mistakenly and empirically diagnosed as having MRSA
infection.

The results of the univariate and multivariate logistic
regression analysis indicated that the risk factor of bronch-
iectasis for CAP patients without cancers was associated
with P. aeruginosa. M. Pneumoniae was prevalent in
patients without any underlying diseases and showed the
typical clinical manifestation of fever. Empirical therapy
should include typical pathogen coverage for the patients.
In addition, if CAP patients suffered from chronic CNS
diseases, MRSA should be considered in the empirical
therapy. Particular attention should be paid to

Table 5 Univariate and Multivariate Logistic Regression Analyses of CAP Patients Without Cancers

Factors Filamentous Fungi OR(CI195%)

Haemophilus Influenzae

Univariate Multivariate Univariate Multivariate

Bronchiectasis

CNS diseases

Connective tissue diseases

2.521(1.030-6.171) 3.116 (1.147-8.464)

Sex

Fever

No comorbidities

Note: Blank cells indicate no statistical significance.

Abbreviations: CNS, central nervous system; OR, odds ratio; Cl, confidence interval; CAP, community-acquired pneumonia.
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H. influenzae for CAP patients admitted with connective
tissue diseases. No risk factors were found to be associated
with CAP patients with cancer, for limited cases.

This study has some strengths and limitations. First,
this is a single-center, retrospective, quasi-experimental
design, which is not randomly assigned but it relies on
documentation in electronic medical records for baseline
characteristics. Critical patients who received mechan-
ical ventilation and those that had been treated at sec-
ondary-care teaching hospitals were excluded from the
study. It was difficult to distinguish CAP from VAP and
HAP, so most of the selected patients had mild-moderate
infection. Thus, the generalizability of our results was
limited. Furthermore, a limited number of cases for
some pathogens constrained the interpretation of seaso-
nal trends.

Conclusions

In conclusion, lung cancer is one of the most important factors
in patients with CAP. The CAP patients with cancers in our
study were older and showed no typical clinical manifestations
and changes in inflammatory markers. K. pneumoniae and
S. pneumoniae were among the most commonly encountered
pathogens in both the groups. P. pneumoniae, M. pneumoniae
and filamentous fungi were predominant in CAP patients with-
out cancers. H. influenzae and MRS were more prevalent for
CAP cancer patients. Certain pathogens follow a seasonal
pattern. In patients without cancers, MRS, H. influenzae and
P aeruginosa were associated with central nervous system
(CNS) disease, connective tissue disease, bronchiectasis,
respectively. In addition, healthy adults were likely to be
infected with M. pneumoniae showing fever. Surprisingly,
MRS was detected in our CAP patients with higher frequency
than previously reported. Further studies are needed to support
the findings.

The study provides suggestions for the empirical treatment
of CAP patients in China with cancers and chronic diseases,
who do not show typical clinical manifestations and laboratory
results.
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CAP, HAP, hospital-
acquired pneumonia; VAP, ventilator-associated pneumonia;
SD, standard deviation; IQR, interquartile range; COPD,
chronic obstructive pulmonary disease; ILD, interstitial lung
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disease; CNS, central nervous system; WBC, white blood cell;
CRP, C-reaction protein; PCT, procalcitonin; NC-CAP, no
C-CAP,

cancer-community-acquired pneumonia; cancer-

MRSA, methicillin-

resistant Staphylococcus aureus; MRS, methicillin-resistant

community-acquired  pneumonia;

Staphylococci; M. pneumoniae, Mycoplasma pneumoniae;
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Pseudomonas aeruginosa; H. influenzae, Haemophilus influ-
enzae; K. pneumoniae, Klebsiella pneumoniae; MR-CoNS,
Methicillin-resistant
MRSE, methicillin-resistant Staphylococcus epidermidis; CA-
MRSA, community-acquired MRSA; BALF, bronchoalveolar
lavage fluid; LAMP, loop-mediated isothermal amplification;
OR, odds ratio; CI, confidence interval.
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