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Abstract

Rapid diagnosis of microorganisms and antibiotic resistance is vital for the appropriate treatment of patients with lower respi-
ratory infections, especially for patients in Intensive Care Unit. We conducted a multicenter prospective study to evaluate the
ability of the Unyvero pneumonia system for rapid detection from bronchoalveolar lavage fluid (BALF) in China. Eighty-four
patients with lower respiratory infections were enrolled, and their BALF samples were collected, and Unyvero, a rapid molecular
diagnostic sample-to-answer solution based on multiple PCRs, was applied to detect 21 types of pathogens and 19 types of
resistance markers, compared to a routine bacterial culture method. The overall concordance of Unyvero and routine culture was
69/84 (82.1%). Unyvero detected more microorganisms than routine culture (38.1% vs 27.4%, P<0.05) and reported multi-
pathogens in more patients than routine culture (10.7% vs 2.4%, P=0.01). The overall sensitivity and specificity of Unyvero for
bacteria detection were 84.0% and 98.0%. Besides, Unyvero showed a good performance for antibiotic-resistant bacteria, except
Pseudomonas aeruginosa. The concordance was 87.5-100% for methicillin-resistant Staphylococcus aureus and carbapenem-
resistant isolates but was only 20-33.3% for Pseudomonas aeruginosa. The high-level semi-quantitative signal intensity of
microorganisms detected positive by Unyvero correlates well with positive bacterial cultures. For specimens that were exposed to
antibiotic treatment, the Unyvero pneumonia system showed a high concordance with routine bacterial culture and performs well
for the detection of antibiotic-resistant bacteria, especially, carbapenem-resistant Klebsiella pneumoniae. It shows promise in
guiding the clinical use of antibiotics, such as ceftazidime/avibactam. However, the system needs improvement in detecting
resistance markers of Pseudomonas aeruginosa.
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Introduction in 2019 [1]. Despite improved diagnosis and treatment, pneu-

monia remains a common cause of hospitalization and death

According to the World Health Organization, lower respirato-
ry infections were the world’s most deadly communicable
disease, ranked the fourth among the top 10 causes of death
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[2, 3]. Infections are common in patients in Intensive Care
Units, and patients are at increased risk of infection during
Intensive Care Unit (ICU) stay [4]. More than 50% of severe
patients will receive at least one antibiotic treatment at ICU,
and pneumonia is the main cause of antibiotic treatment [5].

Inappropriate antibiotic treatment may increase the risk of
death [6]. Reasonable and effective antibiotic treatment de-
pends on the detection of pathogens [7]. Etiological diagnosis
of respiratory tract specimens using traditional bacterial cul-
ture methods takes 24 to 48 h or longer to obtain results, and
determining the antimicrobial susceptibilities of the
causative pathogens also takes time [8]. When results
are pending, the treatment is empirical, which may
cause drug-resistant bacteria [9]. It is important to short-
en the time for pathogen detection.
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In recent years, the development of multiple PCR technol-
ogy has speeded up pathogen diagnosis and is used not only in
the diagnosis of bloodstream infection and infection after bone
and joint replacement [10—12] but also in the diagnosis of
pulmonary infection [13—15]. At present, rapid molecular de-
tection methods are mostly for respiratory viruses [16, 17] but
rarely for bacteria.

The Unyvero pneumonia diagnostic system is a rapid mo-
lecular diagnostic sample-to-answer solution based on multi-
ple PCRs and can simultaneously detect common pathogens
of lower respiratory tract infection and drug-resistance genes.
Some studies showed that the Unyvero pneumonia diagnostic
system could shorten the time of pathogen detection down to
about 5 h [13, 18-20], while the cartridge versions of Unyvero
used in these studies varied, which include P50, P55, and
HPN cartridge.

In this prospective multicenter study, we evaluated the abil-
ity of Unyvero pneumonia panels for the rapid molecu-
lar diagnosis of the microorganisms and resistance
markers in BALF from patients with lower respiratory
tract infection, especially after antibiotic treatment. The
semi-quantitative signal intensity of microorganisms in
Unyvero was also estimated.

Materials and methods
Study design

This is a prospective multicenter study, performed from
August 2016 to November 2017, on respiratory ICU patients
with lower respiratory tract infection. Seventeen hospitals in 4
provinces in China participated in this study. Bronchoalveolar
lavage fluids (BALF) were collected within 2 days after the
onset of infection using bronchoscopy and immediately
transported to the central laboratory, preserved at 4°C. The
Unyvero pneumonia system was applied to BALF to detect
microorganisms and resistance markers, and the results were
compared with a routine bacterial culture as the gold standard.
This study was approved by the Ethics Committee of China-
Japan Friendship Hospital (2016-34). Informed consent was
signed by all participating patients or their authorized clients.

Patients

Inclusion and exclusion criteria are listed below, and the pa-
tient demographic data, clinical symptoms, laboratory exami-
nation results, and imaging data were collected.

Inclusion criteria: (1) Age, 18 years old < age <80 years
old; (2) pneumonia diagnoses were based on the
American Thoracic Society and Infectious Disease
Society of America’s (ATS/IDSA) guidelines [21, 22];
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(3) indications for bronchoalveolar lavage examination;
and (4) ICU inpatients.

Exclusion criteria: (1) Fever and lung shadows were
caused by known noninfectious pulmonary diseases,
such as lung tumors, interstitial lung diseases, pulmonary
embolism, and other non-infectious lung infiltration; (2)
contraindication of bronchial examination; and (3) other
conditions in which TB infection has been clearly diag-
nosed or is highly suspected or in the case that the patient
sample was of poor quality.

Routine bacterial culture

All BALF specimens underwent a routine bacterial culture.
Isolates were identified by using matrix-assisted laser
desorption/ionization mass spectrometry (Bruker Daltonics,
Billerica, MA, USA), and antimicrobial susceptibility testing
was performed by a VITEK-2 compact system (bioMerieux,
Marcy-1’Etoile, France).

Unyvero pneumonia panels

The Unyvero system (the Unyvero P55 or the Unyvero HPN
Application) was performed to detect microorganisms and resis-
tance markers. The Unyvero HPN Application is an upgraded
version of P55, with the incorporation of Chlamydophila
pneumoniae. The Unyvero HPN Application detects 21 types
of microorganisms (Staphylococcus aureus, Streptococcus
pneumoniae, Citrobacter freundii, Escherichia coli,
Enterobacter cloacae complex, Enterobacter aerogenes,
Proteus spp., Klebsiella pneumoniae, Klebsiella oxytoca,
Klebsiella variicola, Serratia marcescens, Morganella morganii,
Moraxella catarrhalis, Pseudomonas aeruginosa, Acinetobacter
baumannii complex, Stenotrophomonas maltophilia, Legionella
pneumophila, Pneumocystis jirovecii, Haemophilus influenzae,
Chlamydia pneumoniae, Mycoplasma pneumoniae) and 19 dif-
ferent resistance markers (tem, shv, oxa-23, oxa-24, oxa-48, oxa-
58, vim, imp, kpc, ndm, ctx-M, sull, mecA, mecC, ermB,
gyrA83, and gyrA87 for E. coli and P. aeruginosa). The first
16 specimens were detected by the Unyvero P55, and the re-
maining 68 were detected by the Unyvero HPN Application after
an upgrade of the system.

BALF specimens for Unyvero detection were stored at
—80°C and thawed in batches for detection. Primarily,
180ul BALF specimens were lysed in the Unyvero Lysator.
The cartridge was then fitted with the Unyvero Sample Tube
and Master Mix Tube for fully automated subsequent process-
ing in the analyzer. All microorganisms, antibiotic resistance
markers, and semi-quantitative microorganism signal intensi-
ty detected by Unyvero were recorded. The semi-quantitative
signal intensity of microorganisms from Unyvero was com-
pared with bacterial culture results.



Eur J Clin Microbiol Infect Dis

Statistical methods

Only the microorganisms listed in the Unyvero pneumonia
panels were included in the analysis. Enumeration data were
expressed as frequency and percentage. The chi-square test
was used to compare the Unyvero pneumonia panels and rou-
tine bacterial culture results. Concordance was calculated for
Unyvero pneumonia panels and routine bacterial culture.
Negative concordance means both Unyvero pneumonia
panels and routine bacterial culture were negative, and posi-
tive concordance means identical microorganism species with
or without additional organism(s) were detected by both tests.
Routine bacterial culture was considered as the gold standard,
and the true positive, true negative, false positive, and false
negative were computed based on it. The ¢ test was
used to compare the semi-quantitative Unyvero signals
between the positive culture and negative culture speci-
men groups. Statistical analyses were performed using
SPSS 21.0 software and GraphPad Prism 9. P <0.05
was considered statistically significant.

Results
Patient characteristics

A total of 87 ICU patients with lower respiratory tract infec-
tion were enrolled, 3 patients were excluded based on inclu-
sion criteria of age, and the data of 84 patients were used for
the analyses. Fifty-seven patients were (67.9%) males, and the
median age of all patients was 62 years old (age range 51-71).
Fourteen (16.7%) patients had pneumonia within a year. The
first four primary diseases were hypertension (41.7%), diabe-
tes (19.0%), chronic obstructive pulmonary disease (13.1%),
and coronary heart disease (11.9%). All patients received an-
tibiotics prior to bronchoscopy (Table 1). Cough was the most
common symptom (71.4%), moist rales were audible in
77.4% of patients, and an oxygenation index of < 300mmHg
was observed for 81.1% of patients (Table 2).

Concordance

All 84 specimens were tested both by routine bacterial culture
and Unyvero. For bacteria that could be detected by both
methods, 32 cases tested positive for Unyvero, while 23 cases
were tested positive by routine bacterial culture (38.1% vs
27.4%, P < 0.05). Overall concordance of Unyvero and rou-
tine bacterial culture was 82.1%. Of these, negative results
were detected by both tests in 50 (59.5%) patients. Identical
microorganism species with or without additional organism(s)
were detected by both tests in 19 (22.6%) patients. In 2 cases,
bacteria were detected routine culture positive and Unyvero
negative. And in 11 cases, bacteria were only detected

Table 1  Demographic characteristics and basic diseases

Subject Cases (%)
Male 57 (67.9)
Age (years, median, quartile) 63 (52-71)
18-64 46 (54.8)
65-74 24 (28.5)
75-79 14 (16.7)
Antibiotic exposure before bronchoscopy 84 (100)
History of pneumonia within 1 year 14 (16.7)
Basic diseases

Hypertension 3541.7)
Diabetes 16 (19.0)
COPD 11 (13.1)
Coronary heart disease 10 (11.9))
Chronic renal disease 7 (8.3)
Malignant tumor (including leukemia, lymphoma) 7 (8.3)
Chronic bronchitis 5(6.0)
Bronchiectasis 4(4.8)
Interstitial lung disease 3(3.6)
Bronchial asthma 22.4)
Smoking

Smoking at present 29 (34.5)
Smoking in the past 4(4.8)
Drinking 8 (9.5)

COPD chronic obstructive pulmonary disease

Unyvero positive and routine culture negative. In addition,
for two cases, pathogens were detected by both routine bacte-
rial culture and Unyvero pneumonia cartridges, but the path-
ogens detected by two methods were different. Besides, mi-
croorganisms that were undetectable by routine bacterial cul-
ture, like Legionella pneumophila, Pneumocystis jirovecii,
and Mycoplasma pneumoniae, were detected positive in 13
cases by Unyvero. Chlamydia pneumoniae was not detected
by Unyvero HPN Application in all specimens, and the results
from Unyvero P55 and Unyvero HPN Application were com-
bined in the analyses.

Pathogen identification

Detection rates of Acinetobacter baumannii complex,
Pseudomonas aeruginosa, Stenotrophomonas maltophilia,
and Staphylococcus aureus by Unyvero were higher than by
routine bacterial culture (Table 3). Three cases of
Escherichia coli, two cases of Streptococcus pneumoniae,
and one case of Haemophilus influenza were detected by
Unyvero pneumonia cartridges only. Unyvero pneumonia
cartridges detected 2 fewer Klebsiella pneumoniae cases
than conventional bacterial culture. Neither of the two
methods detected Enterobacter cloacae complex,
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Table 2 Clinical features and laboratory examination within 48 h
before bronchoscopy

Subject Cases (%)
Cough 60 (71.4)
Dyspnea 49 (58.3)
Axillary temperature >38°C 32 (38.1)
Disturbance of consciousness 27 (32.1)
Cyanosis 17 (20.2)
Thoracalgia 5(6.0)
Moist rale 65 (77.4)
Dry rale 13 (15.5)
SBP<90mmHg 1(1.2)
WBC (x10%/L, n=82)

>10.0 39 (47.6)
<4.0 7 (8.5)
4.0-10.0 36 (43.9)
BUN>7.0mmol/L (n=70) 29 (41.4)
PH<7.30 (n=74) 6(8.1)
Pa0,/Fi0,<300mmHg (n=74) 60 (81.1)
PCT (mg/mL, n=78)

PCT<0.25 21(26.9)
0.25<PCT<1 22 (28.2)
1<PCT<2 6 (7.7)
PCT>2 29 (37.2)

SBP systolic blood pressure, WBC white blood cell, BUN blood urea
nitrogen, PH pondus hydrogenii, PaO2/FiO2 oxygenation index, PCT
procalcitonin

Enterobacter aerogenes, Proteus spp., Morganella
morganii, Citrobacter freundii, Klebsiella oxytoca,
Klebsiella variicola, and Moraxella catarrhalis (Table 3).
For the pathogens that were undetectable by routine bacte-
rial culture, Unyvero pneumonia cartridges detected
Pneumocystis jirovecii in 7 cases, Legionella pneumophila
in 3 cases, Mycoplasma pneumoniae in 3 cases, and
Chlamydia pneumoniae was not detected in any of the cases
(Table 3). The sensitivity, specificity, positive predictive
value, and negative predictive value of Unyvero for bacteria
were calculated (Table 3). The overall sensitivity and spec-
ificity of Unyvero for bacteria detection were 84.0% and
98.0%, respectively.

The number of microorganisms detected per specimen var-
ied. The Unyvero pneumonia cartridges reported more than
one pathogen in 9 cases, while the routine bacterial culture
reported multi-pathogens in only 2 cases (9/84 vs 2/84,
P=0.01) (Fig. 1).

Drug-resistant bacteria detection

Routine bacterial culture detected drug-resistance bacte-
ria in 17 (20.2%) cases, and bacteria with resistance
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markers were positive in 21 (25%) cases by Unyvero
pneumonia cartridges. Besides, ermB, Pneumocystis
Jjirovecii with mecA, and Mycoplasma pneumoniae with
ermB were detected in 3 cases by Unyvero pneumonia
cartridges.

Considering the clinical significance of carbapenem
and methicillin resistance, carbapenem-resistant bacteria
and methicillin-resistant Staphylococcus aureus (MRSA)
were tested. Besides, the fluoroquinolone resistance
(FQR) among Escherichia coli and Pseudomonas
aeruginosa were also tested. Unfortunately, two cases
should be excluded for antibiotic resistance analysis,
because the antimicrobial susceptibility testing results
of two cultured isolates, including 1 Pseudomonas
aeruginosa and 1 Acinetobacter baumannii, were lost.

MRSA was detected in two cases by routine bacterial
culture, and Unyvero detected Staphylococcus aureus
with mecA resistance gene for these two cases.
Concordance of Unyvero and routine bacterial culture
in MRSA detection was 100%. Besides, methicillin-
susceptible Staphylococcus aureus (MSSA) was detected
in one case by routine bacterial culture, and Unyvero
also detected Staphylococcus aureus and neither mecA
nor mecC in that case. In addition, another MSSA was
reported by Unyvero. Carbapenem-resistant
Pseudomonas aeruginosa isolates were detected by rou-
tine bacterial culture in 4 cases and by Unyvero in 2
cases, with one concordant case (20%). Carbapenem-
resistant Acinetobacter baumannii isolates were detected
by routine bacterial culture in 8 cases and by Unyvero
in 7 cases, all of which were concordant (87.5%).
Carbapenem-resistant Klebsiella pneumoniae were de-
tected by routine bacterial culture and the Unyvero in
the same case (100% concordant). And in another case,
carbapenem susceptible Klebsiella pneumoniae were de-
tected by two methods. Quinolone-resistant
Pseudomonas aeruginosa isolates were detected by rou-
tine bacterial culture in 3 cases, one of which was de-
tected by Unyvero, giving a concordant rate of 33.3%
(Table 4). Quinolone-resistant Escherichia coli was not
detected by either method.

The signal intensity of Unyvero

The signal intensity of microorganisms is reported semi-
quantitatively by Unyvero. According to the results of routine
bacterial culture, cases with a positive pathogen detection by
Unyvero were separated into two groups, the positive culture
group and the negative culture group. The signal intensity of
microorganisms detected by Unyvero in the positive culture
group was higher than that in the negative culture group
(P=0.013) (Fig. 2).
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Table 3  Cases of bacteria detected by Unyvero and routine bacterial culture

Pathogen Routine bacterial culture  Unyvero TP TN FP  FN  Sensitivity  Specificity PPV NPV
Staphylococcus aureus 3 4 3 80 1 0 100% 98.77% 75% 100%
Klebsiella pneumoniae 4 2 2 80 0 2 50% 100% 100% 97.56%
Pseudomonas aeruginosa 7 9 5 73 4 2 71.43% 94.81% 55.56%  97.33%
Acinetobacter baumannii complex 9 15 9 69 6 0 100% 92% 60 % 100%
Stenotrophomonas maltophilia 2 10 2 74 8 0 100% 90.24% 20% 100%
Escherichia coli 0 3 0 81 3 0 - 96.43% - 100%
Streptococcus pneumoniae 0 2 0 82 2 0 - 97.62% - 100%
Haemophilus influenza 0 1 0 83 1 0 - 98.81% - 100%
Enterobacter cloacae complex 0 0 0 84 0 0 - 100% - 100%
Enterobacter aerogenes 0 0 0 84 0 0 - 100% - 100%
Proteus spp. 0 0 0 84 0 0 - 100% - 100%
Morganella morganii 0 0 0 84 0 0 - 100% - 100%
Citrobacter freundii 0 0 0 84 0 0 - 100% - 100%
Klebsiella oxytoca 0 0 0 84 0 0 - 100% - 100%
Klebsiella variicola 0 0 0 84 0 0 - 100% - 100%
Moraxella catarrhalis 0 0 0 84 0 0 - 100% - 100%
Pneumocystis jirovecii NA 7 NA NA NA NA NA NA NA NA
Legionella pneumophila NA 3 NA NA NA NA NA NA NA NA
Mycoplasma pneumoniae, NA 3 NA NA NA NA NA NA NA NA
Chlamydia pneumoniae NA 0 NA NA NA NA NA NA NA NA
Overall 84.0 % 98.0%

TP true positive: cases of bacteria detected by both routine bacterial culture and Unyvero

TN true negative: cases of bacteria not detected by either routine bacterial culture or Unyvero

FP false positive: cases of bacteria detected by Unyvero, but not detected by routine bacterial culture

FN false negative: cases of bacteria detected by routine bacterial culture, but not detected by Unyvero

PPV positive predictive value, NPV negative predictive value, NA not available
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Fig. 1 Detection of multiple bacteria in a single specimen. Routine
bacterial culture: Klebsiella pneumoniae and Acinetobacter baumannii
complex were detected in 1 case; Acinetobacter baumannii complex
and Pseudomonas aeruginosa were detected in 1 case. Unyvero:
Acinetobacter baumannii complex and Stenotrophomonas maltophilia
were detected in 2 cases; Acinetobacter baumannii complex and
Pseudomonas aeruginosa were detected in 2 cases; Pseudomonas
aeruginosa and Stenotrophomonas maltophilia were detected in 1 case;

Acinetobacter baumannii complex, Pseudomonas aeruginosa, and
Stenotrophomonas maltophilia were detected in 1 case; Acinetobacter
baumannii complex, Stenotrophomonas maltophilia, and
Staphylococcus aureus were detected in 1 case; Acinetobacter
baumannii complex, Staphylococcus aureus, and Streptococcus
pneumoniae were detected in 1 case; Acinetobacter baumannii
complex, Pseudomonas aeruginosa, Klebsiella pneumoniae, and
Escherichia coli were detected in 1 case
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Table 4 The concordance of Unyvero and routine bacterial culture for antibiotic-resistant isolates detection

MRSA CRAB CRKP CRPA Quinolone-resistant
Pseudomonas aeruginosa
Drug-resistant bacteria detected by routine bacterial culture 2 8 1 4 2
Resistance genes detected by Unyvero 2 7 1 2 2
Consistency 22 78" 11 157 13

MRSA methicillin-resistant Staphylococcus aureus, CRAB carbapenem-resistant Acinetobacter baumannii, CRKP carbapenem-resistant Klebsiella

pneumoniae, CRPA carbapenem-resistant Pseudomonas aeruginosa

“CRAB were detected in 8 and 7 samples by culture and Unyvero pneumonia system. Seven samples were coincident, and culture detected CRAB in

another 1 sample. The consistency for CRAB was 7/8

** CRPA were detected in 4 and 2 samples by culture and Unyvero pneumonia system. One sample was coincident, culture detected CRPA in the other 3
samples, and Unyvero detected CRPA in another 1 sample. The consistency for CRAB was 1/5

" Quinolone-resistant Pseudomonas aeruginosa were detected in 2 and 2 samples by culture and Unyvero pneumonia system. One sample was
coincident, culture detected Quinolone-resistant Pseudomonas aeruginosa in another 1 sample, and Unyvero detected CRPA in another 1 sample.

The consistency for Quinolone-resistant Pseudomonas aeruginosa was 1/3

Discussion

This study is the first prospective study conducted in China to
evaluate the rapid molecular diagnosis of microorganisms and
antibiotic resistance markers in BALF sample collected from
patients with lower respiratory tracts infections using Unyvero
pneumonia system. Despite that antibiotics were used before
specimens were obtained, the Unyvero pneumonia system
showed an overall concordance of 82.1% with routine bacte-
rial culture and a good prediction for resistant bacteria, except
P. aeruginosa. The overall sensitivity and specificity of
Unyvero pneumonia cartridges for bacteria detection were
84.0% and 98.0%. The high-level bacteria signal of the
Unyvero pneumonia cartridges was associated with positive
culture results.

The rapid detection of microorganisms and drug resistance
is vital for patients in ICUs. Several studies have investigated
the performance of the Unyvero for etiological exploration,
but results varied with different study designs and versions of
Unyvero. P50, the earliest version of the Unyvero system, was
used in 5 studies [7, 8, 13, 23, 24], showing the sensitivity of
70.6-95.7%, and specificity of 32.6-97.8%. The Unyvero
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Fig. 2 The signal intensity of microorganisms detected by Unyvero
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HPN Application is an upgraded version of P55, with the
incorporation of Chlamydophila pneumoniae detection. Six
studies evaluated P55 and HPN panels [18-20, 25-27] and
reported sensitivity of 56.9-97% and specificity of 17.3—
99.9%. Since the results of the P55 and HPN cartridge did
not differ [20], we analyzed them together in our study. Our
results showed that the performance for bacteria detection was
similar to the above studies, with the sensitivity and specificity
of 84.0% and 98.0%, respectively.

Our study was conducted on specimens from patients who
were exposed to antibiotic treatment, which is the most important
difference from other studies. In the absence of robust diagnostic
tests, most of early treatments are empirical for patients with
suspected pneumonia, especially in ICU patients. Though
collecting respiratory specimens prior to antibiotic administration
could significantly improve the detection rate of bacteria [28], it
is difficult to get the BALF samples from patients before the
antibiotic treatment in the real world. Driscoll et al. reported that
antibiotics were associated with approximately a 20% reduction
in yield from induced sputum culture, while there was only a 7%
reduction of bacterial detection by PCR [29]. Their result sug-
gested that antibiotic use has less effect on pathogen detection
with PCR than with routine bacterial culture. Unyvero is a de-
tection method based on multiple PCRs, which may be the rea-
son why the positive detection rate of Unyvero is higher than that
of routine bacterial culture.

The positive predictive value of Unyvero was 52.5 %, and
Stenotrophomonas maltophilia was detected in 8 more cases
by Unyvero. This is due to the fact that the Unyvero detected
typically more organisms than culture, and the prior antibiotic
treatment may also contribute to low detection of
Stenotrophomonas maltophilia by culture. The negative pre-
dictive value of Unyvero was over 97%, which suggests that
the negative results by Unyvero may therefore be used for
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early antibiotic de-escalation. We detected 4 false negatives (2
Klebsiella pneumoniae and 2 Pseudomonas aeruginosa) in
our studies. The false negatives were common for Unyvero.
Collins et al. [26] detected 6 false negatives among 175 sam-
ples. The false negatives were also reported by Personne [24],
Ozongwu [18], and Peiffer-Smadja [27]. Especially, Peiffer-
Smadja reported 3 false negatives of K. pneumonia. One of
the advantages of Unyvero is their semi-quantification, with
results being positive only when the sample’s bacterial burden
is sufficiently high [20]. In our study, Unyvero failed to detect
the corresponding pathogen for 4 samples: for one sample, the
growth level was low (1000 cfu/mL); for the other three sam-
ples, the growth levels were significant (> 10,000 cfu/mL). A
similar result was reported by Luyt et al., which showed
Unyvero failed to detect a pathogen for 11 episodes, despite
their significant growth levels (> 10,000 cfu/mL) [20]. The
relationship of growth level and Unyvero performance should
be further studied.

For specimens exposed to antibiotics, Unyvero showed a
good performance for antibiotic-resistant bacteria, except
Pseudomonas aeruginosa. The resistance mechanism discor-
dance of Pseudomonas aeruginosa was also reported by
Ozongwu [18] and Luyt[20]. The resistance profile of
Pseudomonas aeruginosa often changes over time, which
may cause difficulty for resistance marker detection.
Besides, resistance can be conferred by a wide variety of
genes or even other mechanisms like membrane pumps [30]
that are not addressed by the Unyvero panel. Previous studies
reported that the antibiotic resistance concordance of Unyvero
and routine bacterial culture results were 66.6—77.8% [20, 26],
and in our study, the concordances for MRSA (2/2), CRAB
(6/9), and CRKP (1/1) were relatively high.

Carbapenem-resistant Enterobacterales (CRE), especially
carbapenem-resistant Klebsiella pneumoniae (CRKP), have
emerged as a major public health concern worldwide [31].
Ceftazidime/avibactam (CZA) is a [3-lactam/f3-lactamase
combination antibiotic with activity against CRE that pro-
duces Klebsiella pneumoniae carbapenemases (KPC).
However, CZA is resistant to isolates with Metallo-f3-
lactamases such as New Delhi Metallo-3-lactamases (NDM)
[32]. The Unyvero covers these resistance markers. We de-
tected K. pneumonia with kpc by Unyvero in one case, and
CRKP was cultured from the same specimen, which can indi-
cate CZA treatment. Peiffer-Smadja [27] detected 3 ndm out
of 3 carbapenemase-producing Enterobacteriaceae by
Unyvero, with 100% concordance, which may indicate CZA
is not suitable for these cases. Though antimicrobial suscepti-
bility testing of CZA was not tested in these isolates, Unyvero
shows potential in early detection for infections caused by
CRE and provides guidance for the usage of CZA.

The signal intensity of the microorganisms detected by
Unyvero represents the semi-quantitative level of pathogen
detected by this method. Papan [7] found that for BALF

samples whose signal strength from Unyvero P50 was higher
than 1500, there was a certain correlation between the signal
strength from Unyvero and the number of detected bacteria in
conventional bacterial culture, and the lower the signal
strength of Unyvero, the weaker the correlation. In this study,
we found that the signal intensity of Unyvero in the positive
culture group was higher than that in the negative culture
group, which indicates that the high level signal intensity of
Unyvero was related to the positive culture of bacteria. The
higher the signal intensity of Unyvero, the more reliable the
positive results were. Our results may be useful for the inter-
pretation of Unyvero HPN Application results in the future.

One limitation of this study was that all patients had received
antibiotic treatment before BALF sample collections, which may
have reduced the positivity rate of routine bacterial culture. In
addition, results from Unyvero testing had not been communicated
to the clinicians in a timely manner, and thus, it was not possible to
analyze the impact on clinical treatment and prognosis.

The randomized control trials should be implemented
in the future to investigate the effect of Unyvero on
medication treatment and the prognosis of patients.
Besides, Unyvero shows potential for multi-pathogen
detection, so evaluations of patients with immunosup-
pression should be performed.

In conclusion, as a rapid molecular diagnostic technique,
Unyvero detects higher numbers of microorganisms in BALF
from ICU patients with a lower respiratory tract infection than
routine bacterial culture. On samples with antibiotic expo-
sures, the Unyvero pneumonia system shows an overall con-
cordance of 82.1% with routine bacterial culture, and a good
prediction for resistant bacteria, except Pseudomonas
aeruginosa. High-level signal intensities of Unyvero pneumo-
nia panels correlate well with positive bacterial cultures.
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