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Abstract

Objective To investigate the clinical application value of microfluidic-based in vitro diagnostic (IVD) technology
in pathogenic detection of respiratory tract infections.

Methods A total of 300 clinical samples, including blood, bronchoalveolar lavage fluid, and pleural effusion, were
collected from patients with respiratory tract infections. The samples were randomly divided into three groups: A,

B, and C, with 100 cases in each group. Group A used traditional microbiological detection methods, Group B used
metagenomic next-generation sequencing (MNGS) technology, and Group C used both microfluidic-based IVD
technology and traditional microbiological detection methods to detect pathogenic microorganisms in the clinical
samples. The positive detection rate, detection time, and detection cost were compared among the groups. The diag-
nostic performance of each group was compared using the Receiver Operating Characteristic (ROC) curve.

Results Traditional microbiological detection identified 38 positive samples (38%), including 45 pathogens; mMNGS
technology identified 95 positive samples (95%), including 210 pathogens; microfluidic-based IVD technology identi-
fied 96 positive samples (96%), including 158 pathogens. Microfluidic-based IVD technology had a significantly higher
positive detection rate for pathogenic microorganisms compared to traditional culture techniques (96% vs 38%,
x2=122.0,P<0.01), and it was also faster and cheaper than mNGS technology. ROC analysis showed that compared
to traditional microbiological culture results, microfluidic-based IVD technology had significantly increased sensitivity
and specificity, similar to mNGS technology.

Conclusion In respiratory infectious diseases, microfluidic-based IVD technology had a higher detection rate

for pathogenic microorganisms than traditional culture methods, and it had advantages in detection time and cost
compared to mNGS technology. It could also detect critical drug-resistant genes of pathogens. Hence, microfluidic-
based IVD technology can be a viable option for diagnosis and treatment of respiratory infectious diseases.
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Introduction

Infectious diseases pose a serious threat to human health,
with a global incidence rate on the rise and pathogens
showing a trend towards diversification and complex-
ity [1]. Various newly emerging and re-emerging infec-
tious diseases, difficult-to-detect multiple infections,
and fevers of unknown origin pose a significant threat to
human health. Respiratory tract infections are particu-
larly important among infectious diseases, being com-
mon and prevalent in clinical practice, and also a major
factor contributing to morbidity and mortality in infants,
children, the elderly, and immunocompromised patients.
Therefore, higher requirements have been put forward
for the accuracy and effectiveness of diagnosis of respira-
tory infectious diseases in clinical practice.

There are multiple diagnostic methods for pathogens.
Traditional microbiological detection method is simple to
operate, technically mature, and has high positive predic-
tive value, and still plays an important role in the identi-
fication of pathogens [2]. Microbial isolation and culture
rely on the vitality of the pathogens, but a considerable
number of pathogens cannot be detected through in vitro
culture, resulting in low positive rate, long cycle, and low
accuracy [3]. Metagenomic next-generation sequencing
(mNGS) technology has demonstrated promising appli-
cations in many fields and has been increasingly used
in the field of clinical infectious diseases [4—6]. mNGS
technology combines high-throughput sequencing and
bioinformatics analysis to directly detect all nucleic acids
in the sample, and then align them with the reference
genome to determine the species and abundance of all
known microorganisms in the sample [7]. mNGS tech-
nology can detect unknown pathogens in a non-targeted
and one-time manner, with a wider detection range and
higher accuracy. However, mNGS technology is limited
by complex operation procedures, high cost, and sus-
ceptibility to interference from human nucleic acids [8].
Therefore, the rapid and accurate detection of pathogens,
broad-spectrum screening, and precision medicine have
become urgent and necessary tasks in the contemporary
world.

Microfluidic-based IVD technology devices are widely
used for molecular biology, chemical and biochemical
analysis. Microfluidic technology enables detection and
fluid regulation in one single component, that increased
sensitivity and specificity to detect target analytes at
small volumes overcomes several challenges encoun-
tered while using traditional diagnostics [9]. Microflu-
idic based a chip for simultaneous detection of multiple
pathogens is a sensitive, specific and an easy to use tool
for disease detection as it requires a small volume of sam-
ple to amplify the target DNA/RNA [10]. Over the last
decade, microfluidic-based IVD technology has been
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widely accepted as a rapid and an economical form of
diagnostic tool as compared to traditional laboratory-
based testing [11]. Several studies have shown that use
of microfluidic-based IVD technology reduce overall per
patient cost, length of stay in hospitals and provide faster
results as compared to a traditional laboratory testing
[12, 13]. Currently, microfluidic-based in vitro diagnostic
(IVD) Kkits for respiratory tract infections play a crucial
role in respiratory tract pathogen detection technology.
The maturity and clinical application of this technology
can provide more favorable and precise treatment for a
large number of patients with respiratory tract infec-
tions. In this study, microfluidic-based IVD technology
was compared with traditional microbiological detection
methods and mNGS technology to determine the pres-
ence of pathogens in different target samples and explore
the clinical application value of microfluidic-based IVD
technology in pathogenic detection of respiratory tract
infections.

Methods

Patients

A total of 300 patients (160 males and 140 females) with
respiratory tract infections admitted to the Department
of Respiratory and Critical Care Medicine of The Sec-
ond hospital of Jiaxing from January 2022 to December
2022 were included. The average age of all patients was
60.5+16.1 years. The patients were randomly divided
into three groups: A, B, and C, with 100 cases in each
group.

Diagnostic criteria for inclusion cases (diagnosis can
be made if either of the following two criteria is met):
(1) Patients present with cough, expectoration, wet rales
in the lungs, and one of the following conditions: Fever;
Increased white blood cell count and/or neutrophil per-
centage; Chest X-ray or CT scan suggesting inflamma-
tory infiltrative lesions in the lungs; (2) Stable period of
chronic airway diseases (chronic bronchitis with or with-
out obstructive emphysema, asthma, bronchiectasis)
with secondary acute infection, accompanied by micro-
biological changes or significant changes or new lesions
in imaging compared to before admission.

Sample collection

Bronchoalveolar lavage fluid (BALF): BALF was obtained
from the patient during fiberoptic bronchoscopy. 10 ml
of BALF was placed in a sterile container and stored at
4-°C.

Pleural effusion: Patients with pleural effusion were
collected by thoracentesis under ultrasound-guided local
anesthesia for 10 mL, and 10 ml of pleural effusion was
placed in a sterile container and stored at 4 °C.
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Blood: Suitable peripheral veins should be disinfected
locally, and the first set of blood cultures should be col-
lected using a blood lancet. The second set of blood cul-
tures should be collected from another site using the
same method. A volume of 10 mL of blood was collected
from each vial and promptly sent for testing.

After collecting the three types of specimens, they
should be sent for testing as soon as possible within 2 h
at room temperature. If it cannot be sent for testing in
a timely manner, BALF and pleural effusion specimens
should be stored at 4 °C and sent for testing within 24 h.
For long-term storage, they should be stored in a — 80 °C
freezer. Refrigerating or freezing blood culture specimens
must be avoided.

Testing methods

Group A samples were tested using traditional micro-
biological detection methods, following the traditional
microbiological standard testing method of "inoculation-
cultivation-identification-antimicrobial  susceptibility".
Specific process: The specimen was plated into blood
agar plates, chocolate agar plates, and Sabouraud agar
plates, and incubated for 24 h. Suspected colonies were
subjected to Gram staining and identified to species
using matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS).

Group B samples were tested using mNGS technol-
ogy by Innovative Diagnosis and Treatment (Hangzhou,
China). First, DNA was extracted using the TIANamp
Micro DNA Kit (DP316; Tiangen Biotech, Beijing, China)
according to the manufacturer’s instructions, and DNA
libraries were constructed based on the sequencer-100
developed by the Beijing Institute of Genomics. Then,
high-quality sequencing data was generated by removing
low-quality, adapter-contaminated, duplicate, and short
(<35 bp) reads. Next, the high-quality data was mapped
to the human genome (hgl9; https://www.ncbi.nlm.nih.
gov/assembly/GCF_000001405.13/) using the Burrows-
Wheeler Alignment (BWA; http://bio-bwa.sourceforge.
net/) method, and the annotated human genome data
was extracted [14]. The reference database for classifica-
tion was downloaded from NCBI (ftp://ftp.ncbi.nlm.nih.
gov/genomes/).

The C group samples were tested using a microfluidic
chip kit (Innovative Diagnosis and Treatment, Hang-
zhou, China). This test kit could simultaneously detect
158 respiratory tract pathogens. According to the kit’s
instructions, the sample was pre-treated and then centri-
fuged for rapid DNA extraction. DNA extraction proce-
dure: 500 uL of blood sample was transferred from the
vacutainer to an eppendorf tube. Then centrifugated the
sample at 3000 RCF for 10 min at 4 °C; 1 mL of RLB was
added to the precipitate, mixed gently. The supernatant
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was discarded and repeated 1-2 times until a white
colored pellet is obtained. 500 pL of prewarmed DNA
extraction buffer was added to the pellet and set aside.
500 pL isoamylalcohol was added to the mixture after
incubation and shaken well and centrifuged. A white
precipitate was precipitated by adding 1 mL anhydrous
ethanol. Repeated 3 times, ratio of the absorbance at 260
and 280 nm respectively (A260/A280) were estimated
to check the quality and quantity of the extracted DNA
sample.

After mixing the sample with the isothermal amplifi-
cation reagent, loop-mediated isothermal amplification
(LAMP) was performed (50 min). After the detection
was completed, the computer automatically performed
data analysis, and the total process time was approxi-
mately 1-4 h.

Positive diagnostic criteria

Positive microbiological culture identification results are
usually based on the growth and identification of micro-
organisms, including morphological observations, bio-
chemical reactions and, if necessary, molecular biological
confirmation.

The positive diagnostic criteria for mNGS referred to
the "Clinical practice expert consensus for the applica-
tion of metagenomic next generation sequencing” [15],
which comprehensively evaluates the frequency of path-
ogen occurrence, clinical pathogenicity, the number of
detected reads, and the relative abundance of the species
in the sample. The relative abundance value, which refers
to the proportion of the microorganism detected in the
entire specimen, is considered positive if it is greater than
1%.

The positive diagnostic criteria for microfluidic-based
IVD technology refer to the national standard GB/
T41521-2022 "General technical requirement of micro-
fluidic chip for multi-index nucleic acid isothermal
amplification and detection”, where the detection results
are considered positive if they match the positive refer-
ence or positive standard, and negative if they show other
detection indicators.

Statistical analysis

The data were analyzed using GraphPad Prism 9.0 sta-
tistical software. The Kolmogorov—Smirnov method was
used for normality tests, with P>0.1 indicating a normal
data distribution. Continuous variables with normal dis-
tribution were represented by mean + standard deviation
(mean+SD), and data were compared by independent
sample ¢-test. The not-normal data were analyzed using
chi-square (x2) test or Fisher’s exact test. P<0.05 is con-
sidered statistically significant. The receiver operating
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characteristic (ROC) curve was plotted, and the area
under the curve (AUC) was calculated.

Results

Comparison of clinical characteristics of patients

A total of 300 patients with respiratory tract infec-
tions were included in this study from January 2022 to
December 2022. The patients were randomly divided
into three groups, A, B, and C, with 100 people in each
group. Group A used traditional microbiological detec-
tion methods, Group B used mNGS technology, and
Group C used microfluidic-based IVD technology. All
three groups collected BALF, pleural effusion, and blood
for microbiological detection. The average age of patients
in Group A was 62.50+4.98 years, in Group B was
59.94 +2.61 years, and in Group C was 58.67 +2.42 years.
The most common symptoms were cough/expectoration
and wet rales, followed by fever and chest tightness/chest
pain and dyspnea. All patients detedted white blood
cell count, neutrophil percentage, C-reactive protein,
and procalcitonin values. The specific values are shown
in Table 1. There were no significant difference in the

Table 1 Clinical characteristics of patients in three groups

Group A(n=100) B(n=100) C(n=100) P
Sex (n) 0.98*
Male 59 59 60

Female 41 41 40

Average age (mean+SD) 62.50+4.98 5994+261 5867+242 057°
>60 years (n) 67 60 62

<60 years (n) 33 40 38

Clinical symptoms (n, %)

Cough/expectoration 88 89 92 0.63°
Wet rales 59 55 64 0432
Fever 37 29 34 047°
Chest tightness/chest 32 28 32 0.77°
pain

Dyspnea 5 2 3 048°
Laboratory examination

results

White blood cell count 743+£084 756091 747102 078
(10°/1)

Neutrophil percentage 723+873 745+549 749+731 072
C-reactive protein (mg/L) 592+098 624+103 6.17+121 066
Procalcitonin (ng/mL) 481+0.77 4524068 442+059 0.89
Sample types 0.62°
Bronchoalveolar lavage 86 86 90

fluid

Pleural effusion 8 11 8

Blood 6 3 2

a: chi-square test, b: Fisher’s exact test. ¥, P<0.05
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clinical characteristics among the three groups, indicat-
ing the comparability of the research results.

Comparison of pathogen positive detection rates
To detect samples from patients with respiratory infec-
tious diseases, we compared and analyzed the posi-
tive detection rates of pathogenic microorganisms by
traditional microbiological detection methods, mNGS
technology, and microfluidic-based IVD technology. As
shown in Table 2, the pathogen positive rate in Group A
was 38%, in Group B was 95%, and in Group C was 96%.
The positive detection rates showed significant differ-
ences (P<0.01). In addition, the positive rates in Group B
and Group C were significantly higher than that in Group
A (P<0.001), while there was no significant difference
between Group B and Group C (P>0.05, Fig. 1).
Subsequently, comparative analysis was conducted
based on the types of detection samples. As shown in
Table 3, the positive detection rates of pathogenic micro-
organisms in Group A were 39.5%, 25.0%, and 33.3%

Table 2 Comparison of pathogen positive detection rates
among three groups

Positive (n) Negative (n) Positive x2 P
detection
rate (%)
Group A 38 62 38 1220 <001
GroupB 95 5 95
GroupC 96 4 96
sk L.
125 | —— | Positive
IS
*kk I 1 .
Negative
100 5 4
75
@ 62
@
O 950 95 96
25
38
0 :
A B C

Fig. 1 Pathogen positive detection rates in three methods. A
represents detection by traditional microbiological methods; B
represents detection by mNGS technology; C represents detection
by microfluidic-based IVD technology. The data were analyzed using
chi-square (x2) test. **P<0.01
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Table 3 Comparison of pathogen positive detection rates
among three types of samples

A (n, %) B (n, %) C(n, %)
Bronchoalveolar lavage fluid 34 (39.5) 83 (96.5) 86 (95.6)
Pleural effusion 2 (25.0) 9(81.8) 8 (100)
Blood 2(33.3) 3(100) 2 (100)
/P 0.72/0.70 4.60/0.10 0.46/0.79
Table 4 Pathogen detection results
A B C P

Bacteria 28 154%%% 99" # <001
Fungi 17 2% 20" <001
Virus 0 20" 22" 0.02
Atypical pathogen 0 4™ 17" 0.04

Compared with Group A, * indicates P<0.05 and *** indicates P<0.001;
compared with Group B, **# indicates P<0.01

respectively. The positive detection rates of pathogenic
microorganisms in Group B were 96.5%, 81.8%, and 100%
respectively. The positive detection rates of pathogenic
microorganisms in Group C were 95.6%, 100%, and 100%
respectively. There were no statistically significant dif-
ferences within three groups. Furthermore, there were
significant differences in the positive detection rates
among the three groups (P<0.01). Among them, the
positive detection rates of Group B and Group C were
significantly higher than Group A (P<0.01). However,
there was no significant difference between Group B and
Group C (P>0.05).

Pathogen detection results

As shown in Table 4, an analysis was conducted on
the types of pathogens detected in the three groups in
summary. The results revealed that only bacteria and
fungi were detected in Group A. In addition to bacteria

A

Pseudomonas aeruginosa
Acinetobacter baumannii
Klebsiella pneumoniae
Mycobacterium tuberculosis
Corynebacterium striatum
Escherichia coli
Haemophilus influenzae
Proteus mirabilis
Stenotrophomonas maltophilia
Pseudomonas putida
Acinetobacter junii
Achromobacter xylosoxidans
Corynebacterium accolens
Burkholderia gladioli

Bacteria

)

3

innpnrnnl

3
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and fungi, viruses and atypical pathogens were also
detected in groups B and C. Among the four types of
pathogens, the detection rates in groups B and C were
significantly higher than in group A (P<0.01). The
detection rate of bacteria in group B was higher than in
group C (P<0.01), but there was no significant differ-
ence between groups B and C in detecting other types
of pathogens (P> 0.05).

The identified pathogens were classified. A total of 45
pathogens were detected in group A, including 28 bac-
teria (Fig. 2A) and 17 fungi (Fig. 2B). The most com-
mon bacteria species were Pesudomonas aeruginosa
(5, 17.9%), followed by Actinetobacter baumannii (4,
14.3%), Klebsiella pneumoniae (3, 10.7%), Mycobac-
terium tuberculosis (3, 10.7%), and Corynebacterium
striatum (3, 10.7%). The most common fungal species
was Candia albicans (12, 70.6%), followed by Aspergil-
lus fumigatus (4, 23.5%).

A total of 210 pathogens were detected in group B,
including 154 bacteria (Fig. 3A), 22 fungi (Fig. 3B), 20
viruses (Fig. 3C), and 14 atypical pathogens (Fig. 3D).
Among them, the most common bacterial species were
Mycobacterium tuberculosis (19, 12.3%) and Pesu-
domonas aeruginosa (12, 7.8%), followed by Klebsiella
pneumoiae (9, 5.8%), Staphylococcus aureus (9, 5.8%),
Haemophilus influenzae (8, 5.2%) and Streptococcus
constellatus (8, 5.2%). The most common fungal species
was Candida albicans (6, 27.3%), followed by Asper-
gillus fumigatus (4, 18.2%). The most common virus
species were Human gammaherpesvirus 4 (8, 40.0%),
followed by Human alphaherpesvirus 1 (4, 20.0%),
Human betaherpesvirus 5 (3, 15.0%), and Torque teno
virus (2, 10.0%). Among the atypical pathogens, the
largest proportion was Chlamydia psittaci (6, 42.9%),
followed by Mycoplasma pneumoniae (4, 28.6%) and
Legionella pneumophila (3, 21.4%).

A total of 158 pathogens were detected in Group C,
including 99 strains of bacteria (Fig. 4A), 20 strains of

mm Candida albicans
mm Aspergillus fumigatus
4 mm Candida tropicalis

12

Fig. 2 Bacteria and fungi were detected by traditional microbiological methods. A 28 bacteria were detected in group A. B 17 fungi were detected

in group A
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Viruses

Mycobacterium tuberculosis
Pseudomonas aeruginosa
Klebsiella pneumoniae
Staphylococcus aureus
Haemophilus influenzae
Streptococcus constellatus
Streptococcus mitis
Mycobacterium intracellulare
Streptococcus pneumoniae
Streptococcus dysgalactiae
Streptococcus intermedius
Mycobacterium avium
Staphylococcus epidermidis
Parvimonas micra

Veillonella parvula
Bacteroides heparinolyticus
Streptococcus parasanguinis
Stenotrophomonas maltophilia
Prevotella melaninogenica
Porphyromonas endodontalis
Leuconostoc lactis
Tropheryma whipplei
Haemophilus parainfluenzae

Acinetobacter calcoaceticus/baumanni

Moraxella catarrhalis

Proteus mirabilis

Prevotella intermedia
Staphylococcus capitis
Burkholderia vietnamiensis
Granulicatella adiacens
Streptococcus pseudopneumoniae
Enterococcus faecium

Human gammaherpesvirus 4
Human alphaherpesvirus 1
Human betaherpesvirus 5
Torque teno virus

Human betaherpesvirus 7
Human alphaherpesvirus 3
Human betaherpesvirus 6B

(2024) 22:1092

Enterococcus faecalis
Enterococcus hirae
Mycobacteroides abscessus
Mycobacterium chimaera
Mycobacterium kansasii
Mycobacteroides chelonae
Mycolicibacterium aurum
Nocardia otitidiscaviarum
Nocardia asteroides
Nocardia abscessus
Treponema denticola
Leptospira interrogans
Abiotrophia defectiva
Ralstonia pickettii
Porphyromonas gingivalis
Pseudomonas oleovorans
Fusobacterium nucleatum
Filifactor alocis

Eikenella corrodens
Streptococcus anginosus
Tannerella forsythia
Campylobacter rectus
Peptostreptococcus anaerobius

i complex

Actinomyces gerencseriae
Serratia marcescens
Escherichia coli
Enterobacter asburiae
Bacteroides pyogenes
Clostridioides difficile
Elizabethkingia anophelis
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Candida albicans
Aspergillus fumigatus
Candida tropicalis
Talaromyces marneffei
Sporothrix schenckii
Pneumocystis jirovecii
Cryptococcus neoformans
Malassezia restricta
Alternaria alternata
Schizophyllum commune
Alternaria alternata

mm Chlamydia psittaci

mm Mycoplasma pneumoniae
mm |egionella pneumophila
mm Ureaplasma parvum

Fig. 3 Bacteria and fungi, viruses and atypical pathogens were detected by mNGS technology. A 154 bacteria were detected in group B. B 22 fungi

were detected in group B. C 20 viruses were detected in group B. D 14 atypical pathogens were detected in group B

Viruses

7
Fig. 4 Bacteria and fungi, viruses and atypical pathogens were detected by microfluidic-based IVD technology. A 99 strains of bacteria were
detected in group C, B 20 strains of fungi were detected in group C. C 22 strains of viruses were detected in group C. D 17 strains of atypical
pathogens were detected in group C

Pseudomonas aeruginosa
Klebsiella pneumoniae
Haemophilus influenzae
Streptococcus constellatus
Mycobacterium tuberculosis
Staphylococcus aureus
Acinetobacter baumannii
Mycobacterium intracellulare
Streptococcus pneumoniae
Leuconostoc lactis

Nocardia asteroides
Staphylococcus epidermidis
Streptococcus intermedius
Mycobacteroides abscessus
Stenotrophomonas maltophilia
Staphylococcus haemolyticus
Enterococcus faecalis
Fusobacterium nucleatum
Bordetella pertussis

Human gammaherpesvirus 4
Human alphaherpesvirus 1
Human betaherpesvirus 5
Torque teno virus

Human Herpesvirus 6A

Proteus mirabilis
Mycobacterium avium

Streptococcus pseudopneumoniae 6

Finegoldia magna
Elizabethkingia anophelis
Acinetobacter haemolyticus
Lactobacillus paracasei
Capnocytophaga sputigena
Bacillus cereus
Stenotrophomonas maltophilia
Prevotella oris
Actinobacillus ureae
Corynebacterium accolens
Porphyromonas gingivalis
Pseudomonas alcaligenes
Pseudomonas oleovorans
Fusobacterium
Fusobacterium naviforme
Escherichia coli

Aspergillus fumigatus
Candida albicans
Candida tropicalis
candida parapsilosis
Cryptococcus neoformans
Pneumocystis jirovecii
Talaromyces marneffei
Alternaria alternata

Mycoplasma pneumoniae
Chlamydia psittaci
Legionella pneumophila
Ureaplasma parvum
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fungi (Fig. 4B), 22 strains of viruses (Fig. 4C), and 17
strains of atypical pathogens (Fig. 4D). The most com-
mon bacteria species were Pesudomonas aeruginosa
(11, 11.1%), followed by Klebsiella pneumoniae (9,
9.1%), Haemophilus influenzae (9, 9.1%), Streptococ-
cus constellatus (6, 6.1%), and Mycobacterium tuber-
culosis (6, 6.1%). The most common fungi species were
Aspergillus fumigatus (6, 30%) and Candida albicans
(5, 25%). The most common virus species were Human
gammaherpesvirus 4 (7, 31.8%) and Human alphaher-
pesvirus 1 (7, 31.8%), followed by Human betaherpes-
virus 5 (5, 22.7%). The most common atypical pathogen
species was Mycoplasma pneumoniae (11, 78.6%).

Comparison and analysis of diagnostic performance using
three detection methods

ROC curves were used to evaluate the sensitivity and
specificity of three detection methods. As show in Fig. 5,
the AUC value for group A was 0.6139, with a 95% con-
fidence interval (CI) of 0.5122-0.7156. The AUC value
for group B was 0.8839, with a 95% CI of 0.8183-0.9495.
The AUC value for group C was 0.8968, with a 95% CI of
0.8394-0.9542. The specific results are shown in Table 5.
The sensitivity of group A was 72.30%, the specificity
was 55.35%, the positive predictive value was 68.50%, the
negative predictive value was 91.66%, the positive likeli-
hood ratio was 2.014, the negative likelihood ratio was
0.116, and the accuracy of the diagnostic test was 61%.

100

80

60

40

Sensitivity%

0 T T T T
0 20 40 60 80 100

100% - Specificity%
Fig. 5 ROC curves were used to evaluate the sensitivity
and specificity of three detection methods

Table 5 The ROC curve analysis of three groups
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The sensitivity of group B was 92.14%, the specificity was
62.5%, the positive predictive value was 75.14%, the nega-
tive predictive value was 95.12%, the positive likelihood
ratio was 2.856, the negative likelihood ratio was 0.012,
and the accuracy of the diagnostic test was 80%. The sen-
sitivity of group C was 95.12%, the specificity was 66.33%,
the positive predictive value was 78.92%, the negative
predictive value was 96.85%, the positive likelihood ratio
was 3.041, the negative likelihood ratio was 0.125, and
the accuracy of the diagnostic test was 82%. The results
showed that The results indicated that the predictive
value of groups B and C was significantly better than that
of group A.

Comparison of detection duration and cost

Finally, we also compared the time and cost required
for the three detection methods (Table 6). The results
showed that compared with group A, the detection
time of group B and group C was significantly shorter
(P<0.001), but the detection cost of group A was signifi-
cantly lower than that of group B and group C (P<0.001).
In addition, the detection duration and cost of group B
were significantly higher than those of group C (P<0.01).

Discussion

Respiratory tract infections, especially lower respiratory
tract infections, are common clinical diseases with high
incidence and mortality, and have become the fourth
leading cause of death worldwide. In China, respiratory
tract infections are also one of the most serious public
health problems [16—18]. Bacteria, viruses, fungi, atypi-
cal pathogens, and parasites can all cause respiratory
tract infections, and the severity of the infection varies.
Early rapid detection of respiratory pathogens is crucial
for accurate treatment and improving patient prognosis.

Table 6 Duration and cost of different testing methods

A B C P
Duration () 9824243 13540237 245105277 <001
Cost (Yuan)  1275+7585 3500 1700 ### <0.01

Compared with Group A, *** indicates P< 0.001; compared with Group B, ##

indicates P<0.001

Groups AUC 95% ClI Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR Accuracy
A 06139 0.5122-0.7156 7230 5535 68.50 91.66 2014 0.116 61.00%
B 0.8839 0.8183-0.9495 92.14 62.50 75.14 95.12 2.856 0.012 80.00%
C 0.8968 0.8394-0.9542 95.12 66.33 7892 96.85 3.041 0.125 82.00%

AUC, the area under the curve; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative

likelihood ratio
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Different detection methods have significant differ-
ences in the detection rate of respiratory infectious dis-
ease pathogens. Traditional microbiological culture
methods are time-consuming, usually taking 3-5 days,
and negative results require 7 days. Studies have shown
that about 70% of infected patients cannot determine the
pathogen by taking traditional detection methods, result-
ing in a lack of timely and effective treatment, leading to
worsening of the condition [19]. A study on community-
acquired pneumonia in adults showed that only 38% of
pathogens could be detected due to low sensitivity of
pathogen culture, long time requirements, and limited
number of microorganisms detected by serological and
PCR tests [14]. Almudena Burillo et al. found that blood
culture is not only time-consuming, but also has an over-
all positive detection rate of pathogenic microorganisms
of only 30-40% [20]. In recent years, mNGS technology
has gradually matured and has become one of the key
technologies for identifying pathogens in respiratory
infectious diseases. Chen et al. used mNGS technology
to detect pathogens in BALF from patients with lower
respiratory tract infections, and the detection rate was
significantly higher than that of traditional culture, with
a sensitivity of 66.1% and a specificity of 75.4% [18]. Miao
et al. compared mNGS technology with traditional cul-
ture in the diagnosis of infectious diseases and found that
the sensitivity and specificity of mNGS technology were
50.7% and 85.7%, respectively, which were better than
traditional culture, especially for Mycobacterium tubercu-
losis, viruses, anaerobic bacteria, and fungi [21]. Quince
et al. conducted a study on patients with severe pneumo-
nia, and the results showed that the positive detection
rate of pathogenic bacteria by mNGS technology was sig-
nificantly higher than that of the control group (68.7% vs
45.4%), indicating that mNGS can detect pathogens more
quickly and accurately than conventional testing, aid in
the adjustment of antibiotics in a timely manner, and sig-
nificantly reduce the mortality rate of severe pneumonia
[22]. These results indicate that compared with tradi-
tional culture, mNGS technology improves the detection
rate of pathogens, especially for culture-negative clinical
samples, and is valuable. However, mNGS technology has
difficulties in determining pathogenic bacteria, high cost,
and longer detection time (>12 h), making it unable to
rapidly detect and monitor in real time. Therefore, there
is an urgent clinical need for a new, rapid, and accurate
detection method for respiratory pathogens.

This study compared the positive detection rates of
three detection methods, traditional microbiological
detection methods, mNGS technology, and microflu-
idic-based IVD technology, for respiratory infectious
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diseases. The results showed that compared with tradi-
tional microbiological detection methods, microfluidic-
based IVD technology and mNGS technology had higher
specificity and sensitivity. However, microfluidic-based
IVD technology had shorter detection time and lower
detection cost, indicating that this method had strong
advantages in pathogenic detection. In addition, the lack
of accuracy in pathogen drug resistance identification is
one of the current problems faced by mNGS technology,
and clinical doctors need further drug sensitivity culture
or drug resistance gene detection for auxiliary diagnosis.
Microfluidic-based IVD technology can detect up to 35
drug resistance genes, which has obvious advantages in
obtaining drug resistance information of pathogens and
helps in the diagnosis and treatment of respiratory infec-
tious diseases.

Although microfluidic-based IVD technology has
some advantages, it still faces some problems. Similar
to mNGS, there is an issue of varying levels of report
interpretation, and clinical judgment needs to be made
by combining information such as sample type, micro-
bial characteristics, patient clinical features, traditional
microbiological test results, and prior anti-infection
treatment. In addition, there may also be problems
such as nucleic acid contamination and low nucleic acid
extraction levels [23-27]. Therefore, in clinical practice,
the combination of traditional detection methods and
molecular biology detection methods may help improve
the detection rate of pathogens and determine the true
pathogens.

The integration of microfluidics has significantly
changed disease diagnosis and pathogen detection. The
microfluidic enables a high degree of integration of the
extraction, amplification and detection processes of
nucleic acids, thus improving detection efficiency and
accuracy [11]. Microfluidics also enables the detection
of tumour-specific biomarkers, thus helping doctors
with early diagnosis, efficacy monitoring and prognostic
assessment of tumours. Microfluidic chip technology can
also be used for the detection of biochemical indicators
in blood, urine and other body fluids, such as blood glu-
cose, blood lipids, liver and kidney function [9]. Notably,
our study has some limitations. First, each participant
has not provided all three types of samples,and that leads
to be was variation among participants. Second, the pre-
sent study was a preliminary study; we will correlate mul-
tiple indicators in later experiments, which may further
improve the diagnostic efficacy. Based on the results of
the current study, we will also conduct further prospec-
tive studies to improve the accuracy of diagnosis and
treatment of respiratory infectious diseases.
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In summary, we used three methods to detect patho-
genic microorganisms in 300 clinical samples. Among
them, microfluidic-based IVD technology detected path-
ogenic microorganisms in 96% of respiratory infection
cases, with a significantly higher positive detection rate
than traditional microbiological culture (38%). It is not only
comparable to mNGS technology in the detection rate of
pathogenic microorganisms (95%), but also shorter in time
and lower in cost. Based on this, the detection of impor-
tant drug-resistant genes of pathogens can also be achieved
based on microfluidic-based IVD technology. Therefore,
microfluidic-based IVD technology is a good complemen-
tary method to traditional culture methods, and it helps to
solve the current clinical dilemma of low pathogen detec-
tion rate and reduced efficacy of drug-resistant bacteria
and has high clinical application value in the diagnosis and
treatment of respiratory infectious diseases.
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