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Abstract

Background: Lower respiratory tract infection (LRIs) is very common both in terms of community-acquired
infection and hospital-acquired infection. Sputum and bronchoalveolar lavage fluid (BALF) are the most important
specimens obtained from patients with LRI. The choice of antibiotic with which to treat LRI usually depends on the
antimicrobial sensitivity of bacteria isolated from sputum and BALF. However, differences in the antimicrobial
sensitivity of pathogens isolated from sputum and BALF have not been evaluated.

Methods: A retrospective study was conducted to analyze the differences between sputum and BALF samples in
terms of pathogen isolation and antimicrobial sensitivity in hospitalized patients with LRI.

Results: Between 2013 and 2015, quality evaluation of sputum samples was not conducted before performing
sputum culture; however, between 2016 and 2018, quality evaluation of sputum samples was conducted first, and
only quality-assured samples were cultured. The numbers of sputum and BALF in 2013-2015 were 15,549 and 1671,
while those in 2016-2018 were 12,055 and 3735, respectively. The results of pathogen culture showed that
Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae, Staphylococcus aureus, Hemophilus
influenzae, Escherichia coli, Stenotrophomonas maltophilia, and Streptococcus pneumoniae were in the top ten
pathogens isolated from sputum and BALF. An antimicrobial susceptibility test showed that the susceptibility of
BALF isolates to most antibiotics was higher compared with the susceptibility of sputum isolates, especially after
quality control of sputum samples (2016-2018).

Conclusions: Our findings suggest that caution is needed in making therapeutic choices for patients with LRI when
using antimicrobial sensitivity results from sputum isolates as opposed to BALF isolates.
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Background

Lower respiratory tract infection (LRI) is the most com-
mon infectious disease of the respiratory tract [1, 2]. Ir-
rational use of antibiotics delays infection and can even
lead to bacterial resistance [1, 2]. According to data from
China Antimicrobial Resistance Surveillance System in
2015, the major specimen obtained from inpatients who
attended respiratory departments in China was sputum
(81.6%, 41,131/50,417) [1, 2]. Owing to the convenience of
specimen collection, sputum has always been the most
common specimen obtained in clinical microbiology la-
boratories in China. Sputum specimens are easily affected
by oral colonization flora; thus, it is difficult to judge
whether sputum culture isolates are indicative of infection,
colonization or contamination. Because of this, it is diffi-
cult for clinicians and laboratory physicians to evaluate
the significance of sputum culture results.

Bronchoalveolar lavage fluid (BALF) cultures are a reli-
able method to determine the bacterial etiology of LRI
[3]. Whether there is a difference between the culture
results obtained from sputum samples and BALF is cur-
rently unclear.

At our hospital, no quality evaluation of sputum samples
was performed prior to 2015. However, since 2016, we
have carried out quality evaluation of sputum samples.
Only quality-assured samples can be used for sputum cul-
ture. Now, it is well known that unqualified sputum speci-
mens, such as saliva, have no significance on bacterial
culture. The industry has reached a consensus that spu-
tum cultures without microscopic examination are of no
value [4]. The qualified interpretation of sputum speci-
mens in this study was based on Chinese standards [5].

Since 2016, smear microscopy has been used to examine
each sputum specimen for culture. Sputum specimens
satisfying the following three conditions are treated as
qualified specimens: 1) specimen with >25 white blood
cells (WBC) per average low-power field (LPF) and < 25
squamous epithelial cells (EPI) per LPF; 2) a ratio of WBC
to EPI of > 10:1 and a predominance of single-form bac-
teria; 3) EPI < 10 per LPF and presence of alveolar macro-
phages and columnar epithelial cells. In addition to these
criteria, when EPI is > 10 per LPF, sputum specimens are
considered to be unqualified.

Herein, we examined the differences in sputum- versus
BALF-based bacterial isolation and antimicrobial suscep-
tibility results among hospitalized patients in a large ter-
tiary hospital in China between 2013 and 2018. This
approach enabled us to provide a more rigorous evalu-
ation of the results of sputum culture.

Methods

Study setting

Sputum culture and BALF culture results from 2013 to
2015 and 2016 to 2018 were analyzed retrospectively at

Page 2 of 7

our hospital. The most common pathogens isolated from
sputum and BALF in 2013-2015 and 2016-2018 were
compared. The sensitivities of the same pathogens from
sputum and BALF to commonly used antibiotics were
compared. All specimens were taken from the clinical
departments of Tongji Hospital and sent to the Depart-
ment of Laboratory Medicine. Isolation and antimicro-
bial sensitivity tests were carried out on pathogenic
bacteria at the clinical microbiology laboratory in ac-
cordance with standardized protocols. To eliminate the
influence of antibiotics on culture results, in principle,
samples should be collected before the use of antibiotics.

Data collection

For isolates from the same source in the same patient,
only the first isolate was included in the analysis in ac-
cordance with Clinical and Laboratory Standards Insti-
tute (CLSI) M39 [6]. Strain identification was carried out
via biochemical experiments, an automatic identification
system (VITEK® 2 Compact, bioMérieux, Marcy-l'EtoiIe,
France), and/or IVD-MALDI Biotyper® (Bruker,
Karlsruhe, Germany) [7-9]. An antimicrobial suscepti-
bility test was carried out and explained in accordance
with CLSI 2018 using the disk diffusion method and the
E test method [10]. ATCC 25922, 25923, 27853, 49247,
49619, 90028, 35218, 700603, and 29213 were used for
quality control of indoor antimicrobial sensitivity tests,
which were performed weekly. In accordance with CLSI
M39, the antimicrobial sensitivity results of different
antimicrobial agents were expressed as the sensitivity
rate [6].

Statistical analysis

All patient and strain information were stored using
WHONET software. WHONET 5.6 software was used
to analyze antimicrobial susceptibility data. SPSS 19.0
software was used to compare the susceptibility rate
between BALF and sputum isolates. The Chi-squared
test was used to compare the sensitivity rate. A P value
of < 0.05 was considered statistically significant.

Ethics approval and consent to participate

The study protocol was approved by the Tongji Hospital
ethics committee for research in health. The Tongji
Hospital ethics committee also waived the requirement
for informed consent from patients due to the retro-
spective design of the study. All patient data were anon-
ymized prior to analysis.

Results

Study population

The study population included more adults than chil-
dren and more male patients than female ones. The
composition of our study population likely reflected the
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characteristics of the average population with LRI seek-
ing care in the context. As such, because smoking was
associated with a higher risk of developing LRI and adult
male individuals were more likely to be smokers, these
subjects represented the largest proportion of patients
included in the study.

Etiological distribution

The number of bacteria isolated from sputum and BALF
in 2013-2015 was 12,957 and 848, respectively, com-
pared with 6740 and 2239, respectively, in 2016—-2018.
In 2013-2015 and 2016-2018, Pseudomonas aeruginosa,
Acinetobacter  baumannii, Klebsiella  pneumoniae,
Staphylococcus aureus, Hemophilus influenzae, Escheri-
chia coli, Stenotrophomonas maltophilia, and Streptococ-
cus pneumoniae were in the top ten pathogens isolated
from sputum and BALF (Fig. 1).

Antimicrobial susceptibility

The susceptibility rates of P. aeruginosa in sputum and
BALF to commonly used antibiotics were compared in
2013-2015 and 2016-2018. In 2013-2015, the sensitivity
rates of P. aeruginosa in BALF to commonly used antibi-
otics were higher compared with sputum isolates, with
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the exception of ciprofloxacin and levofloxacin. In
2016-2018, with the exception of amikacin, gentamicin,
and tobramycin, the sensitivity rates of BALF isolates to
commonly used antibiotics were higher compared with
the sensitivity rates of sputum isolates (Table 1).

The susceptibility of A. baumannii to commonly used
antibiotics showed that isolates from BALF in 2013-
2015 were more sensitive compared with sputum iso-
lates in response to most antibiotics, with the exception
of cefoperazone/sulbactam, ampicillin/sulbactam, imipe-
nem, meropenem, gentamicin, ciprofloxacin, minocy-
cline, and aztreonam. However, data from 2016 to 2018
showed that the susceptibility rates of BALF isolates to
antibiotics, with the exception of piperacillin, ceftazi-
dime, aztreonam, minocycline, and tigecycline, were
higher compared with sputum isolates (Table 2).

The sensitivity of K. pneumoniae to commonly used
antibiotics was higher in BALF isolates compared with
sputum isolates, with the exception of piperacillin,
amikacin, gentamicin, tobramycin, ciprofloxacin, levo-
floxacin, and tigecycline in 2013-2015. In 2016-2018,
with the exception of tigecycline, BALF isolates were
more sensitive to commonly used antibiotics compared
with sputum isolates (Table 3).
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Table 1 Sensitivity rate of Pseudomonas aeruginosa isolated from sputum and BALF to commonly used antibiotics

Antibiotics 2013-2015 2016-2018

BALF Sputum P BALF sputum P

Piperacillin 75 573 <001 68.2 558 P<0.01
Cefoperazone/sulbactam 727 58.1 <001 718 546 P <001
Ticarcillin/clavulanic acid 403 124 <001 403 108 P <001
Piperacillin/tazobactam 793 62.8 <001 74.6 61.7 P<0.01
Cefoperazone 64.2 496 <001 65.1 482 P <001
Ceftazidime 80.5 64.5 <001 734 62.3 P <001
Cefepime 81.1 64.5 <0.01 781 68.5 P <001
Aztreonam 713 53.8 <001 63.5 46.8 P <001
Imipenem 72 63.2 0.01<P<0.05 68.6 574 P <001
Meropenem 81 64.1 <0.01 744 61.7 P<0.01
Amikacin 884 72.7 <0.01 87.6 86.4 P>0.05
Gentamicin 82.1 61.8 <001 80.5 794 P>0.05
Tobramycin 884 704 <001 87.8 84 P>0.05
Ciprofloxacin 713 65 P>0.05 756 67.1 P <001
Levofloxacin 64.2 58.1 P>0.05 689 61.2 P <001
Trimethoprim sulfamethoxazole 216 7.8 <001 14.3 55 P <001
Minocycline 35 132 <001 316 14 P <001

From 2013 to 2015, the sensitivity of S. aureus isolated
from BALF was higher in response to some antibiotics
compared with the sensitivity of S. aureus isolated from
sputum isolates, with the exception of penicillin,
gentamicin, levofloxacin, fosfomycin, erythromycin,

clindamycin, and tigecycline. However, in 2016-2018,
bacteria isolated from BALF isolates were more sensitive
than bacteria isolated from sputum isolates to common
antibiotics, with the exception of trimethoprim/sulfanila-
mide and tigecycline (Table 4).

Table 2 Sensitivity rate of Acinetobacter baumannii isolated from sputum and BALF to commonly used antibiotics

Antibiotics 2013-2015 2016-2018
BALF sputum P BALF sputum P

Piperacillin 258 79 P <001 2.2 23 P>0.05
Cefoperazone/sulbactam 14.1 17.8 P>0.05 9.3 6.1 001 <P<0.05
Ampicillin/sulbactam 14.2 16.7 P>0.05 9.3 5.7 001 <P<0.05
Piperacillin/tazobactam 321 14.8 P<0.01 7.1 4 0.01<P<0.05
Ceftazidime 271 84 P <001 48 3.1 P>0.05
Cefepime 321 16.6 P<001 9 52 P<001
Aztreonam 06 1.5 P>0.05 06 0.2 P>0.05
Imipenem " 169 P>0.05 9.6 55 P<0.01
Meropenem 109 158 P> 005 93 5 P<001
Amikacin 128 214 0.01<P<005 147 10 001 <P<005
Gentamicin 9.6 14.8 P>0.05 9.6 55 P <001
Tobramycin 109 18.1 001 <P<0.05 12.8 7.5 P <001
Ciprofloxacin 154 174 P>0.05 83 47 P <001
Levofloxacin 314 182 P<0.01 9 5 P <001
Trimethoprim sulfamethoxazole 333 16.7 P <001 10.3 6.7 0.01 <P<0.05
Minocycline 38.7 338 P>0.05 334 353 P>0.05
Tegacycline 348 46.3 P <001 434 464 P>0.05
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Table 3 Sensitivity rate of Klebsiella pneumoniae isolated from sputum and BALF to commonly used antibiotics
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Antibiotics 2013-2015 2016-2018

BALF Sputum p BALF Sputum P
Piperacillin 31 23.7 P>0.05 226 7 P <001
Amoxicillin/clavulanic acid 596 43 P<001 538 213 P<0.01
Cefoperazone/sulbactam 704 539 P<001 56.1 24.1 P<001
Ampicillin/sulbactam 534 338 P<0.01 49.7 15.7 P<0.01
Piperacillin/tazobactam 75 61.1 P<001 585 286 P <001
Cefazolin 36.2 25.1 P <001 42 12.8 P <001
Cefuroxime 56 34 P <001 499 166 P <001
Ceftazidime 69.8 504 P <001 54.8 238 P <001
Cefotaxime 574 36.2 P <001 519 179 P <001
Cefepime 614 382 P <001 538 192 P <001
Cefoxitin 776 65.6 P <001 59.2 326 P <001
Aztreonam 69 489 P <001 54.8 214 P <001
Imipenem 90.5 813 0.01<P<0.05 67.3 403 P <001
Meropenem 90.5 81 0.01 <P<0.05 67.7 406 P<0.01
Amikacin 87.8 833 P>0.05 706 52.2 P <001
Gentamicin 66.4 584 P>0.05 614 385 P <001
Tobramycin 61.2 555 P>0.05 57.8 36.6 P <001
Ciprofloxacin 69.6 604 P=0.05 553 226 P<0.01
Levofloxacin 759 712 P>0.05 599 283 P <001
Trimethoprim sulfamethoxazole 67.2 56.9 0.01 <P <005 64.5 557 P <001
Tegacycline 87.2 87.1 P>0.05 923 89.2 P>0.05
Table 4 Sensitivity rate of Staphylococcus aureus isolated from sputum and BALF to commonly used antibiotics
Antibiotics 2013-2015 2016-2018

BALF sputum P BALF sputum P
Penicillin G 19 15 P>0.05 32 0.9 P <001
Oxacillin 30.2 199 P <001 325 156 P <001
Ampicillin/sulbactam 308 194 P<0.01 316 15.6 P<0.01
Cefazolin 308 193 P <001 309 15.5 P <001
Cefuroxime 308 19.9 P <001 325 156 P <001
Cefoxitin 30.8 20 P <001 325 155 P<0.01
Gentamicin 32.7 246 P>0.05 416 24 P <001
Tobramycin 32.7 231 0.01<P<005 39.7 226 P <001
Rifampicin 477 303 P <001 88.7 83.3 0.01 <P<0.05
Levofloxacin 283 238 P>0.05 39.8 19.1 P <001
Trimethoprim sulfamethoxazole 925 96.9 0.01 <P <005 972 96.9 P>0.05
Fosfomycin 83.5 80.6 P>0.05 519 37.7 P <001
Clindamycin 689 69.6 P>0.05 35.7 241 P <001
Erythromycin 46.7 526 P>0.05 265 156 P <001
Linezolid 100 100 100 100
Vancomycin 100 100 100 100
Teicoplanin 100 100 100 100
Tegacycline 929 90.2 P>0.05 946 93.6 P>0.05
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Discussion

Our study found that the main pathogens isolated from
sputum samples and BALF were roughly the same.
However, the sensitivities of the main pathogens to com-
monly used antibiotics were different. The sensitivity of
BALF isolates to the most commonly used antibiotics
was higher compared with the sensitivity of sputum iso-
lates, especially after quality control of sputum samples.

This study found that the main pathogens isolated
from sputum and BALF were P. aeruginosa, A. bauman-
nii, K. pneumoniae, S. aureus, H. influenzae, E. coli, S.
maltophilia, and S. pneumoniae. The high isolation rate
of A. baumannii may be related to the fact that most pa-
tients were hospitalized. A. baumannii is the main
pathogen associated with hospital-acquired infection
[11]. On the contrary, S. pneumoniae is the main patho-
gen associated with community-acquired infection and
pediatric infection [12]. The study population mainly
comprised adult patients, and the number of hospital-
ized patients was far greater than the number of outpa-
tients, which may be related to the low isolation rate of
S. pneumoniae.

The results of antimicrobial sensitivity tests showed
that the sensitivity of BALF isolates to commonly used
antibiotics was higher compared with the sensitivity of
sputum isolates. Comparing the data of samples ob-
tained in 2016-2018 with those of samples obtained in
2013-2015, this trend was more obvious in 2016-2018.
The differences in sensitivity between BALF and sputum
isolates may be related to the presence of respiratory
colonization in sputum samples. We also found that,
even if sputum samples were qualified, the sensitivity of
sputum isolates to commonly used antibiotics was still
significantly lower compared with the sensitivity of
BALF isolates. This finding suggests that caution should
be exercised when evaluating the results of sputum cul-
ture, especially when selecting antibiotics on the basis of
the susceptibility of pathogens found in sputum cultures.

The clinical significance of sputum culture has always
been controversial, making therapeutic decision-making
even more challenging. Owing to contamination with
oral flora, it is difficult to judge on whether pathogenic
bacterial isolates are indicative of infection or
colonization.

In this study, we evaluated the significance of sputum
culture from a new perspective. This study compared
the differences in pathogens and antimicrobial sensitivity
between sputum samples and BALF, and compared the
differences before and after quality control of sputum
samples. Studies have shown that the results of culture
and antimicrobial sensitivity are quite different between
qualified sputum specimens and BALF. BALF was ob-
tained via fiberoptic bronchoscopy and could represent
the status of LRI infection. However, sputum specimens
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are easily contaminated by colonies in the upper respira-
tory tract. Therefore, clinicians need to be very careful
when diagnosing and treating LRI on the basis of the re-
sults of sputum culture.

Sputum specimens are not optimal specimens from
the viewpoint of LRI diagnosis. Doctors obtain biopsy
specimens via fiberoptic bronchoscopy, the results of
which could identify LRI. However, fiberoptic bronchos-
copy is invasive and is not suitable for every patient. At
present, qualified sputum specimens together with some
invasive surgical techniques (e.g., transtracheal aspir-
ation, bronchoalveolar lavage, protected brush samples)
are acceptable in the global LRI surveillance project [13].
In the face of LRI, which is the most appropriate type of
specimen is a question worth considering. The American
Association of Pediatric Infectious Diseases specifies that
blood cultures should be tested for moderate-to-severe
community-acquired pneumonia in children, especially
those with complex pneumonia [14]. However, at
present, the rate of blood culture in Chinese patients
with LRI is low. A multicenter study carried out in
China showed that blood culture isolates accounted for
only 5.3% of all specimen types [1, 2]. For LRIs, the
question of whether one should perform blood culture
or sputum culture is something every clinician often
considers. Different strategies should be adopted for dif-
ferent patients. Outpatient blood culture and sputum
culture are not routinely required. For inpatients with
low-severity LRI, only sputum culture is needed. For in-
patients with moderate severity LRI and no intensive
care unit sputum culture, blood culture, legionella urin-
ary antigen, and pneumococcal urinary antigen should
be examined routinely. For inpatients in the intensive
care unit with high-severity LRI, invasive sampling
should also be performed in addition to all the above
mentioned tests [15].

There are several limitations to the present study that
should be highlighted. First, it was difficult to evaluate
colonization of sputum culture. We were not able to de-
termine whether the isolated strains of sputum samples
were colonized bacteria or infectious pathogens. Second,
in this study, no distinction was made among natural ex-
pectoration, induced sputum, or sputum aspiration. We
hope that, in future, we can use more rigorous methods
to evaluate sputum samples.

Conclusions

Although the main pathogens isolated from sputum and
BALF were the same, their antimicrobial sensitivities
were different, even for qualified sputum specimens. De-
pending on the results of sputum culture, caution should
be exercised when deciding on the most appropriate
treatment options for patients.
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