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Abstract: Objective To explore the value of loop-mediated isothermal amplification ( LAMP ) chip in analyzing the
etiology of bronchoalveolar lavage fluid (BALF) for diagnosing hospital acquired pneumonia ( HAP). Methods Of 457
patients with HAP in Zhongda Hospital of Southeast University from December 2018 to December 2019, 82 patients (44
males and 38 females) were selected to take BALF specimens for simultaneous detection of pathogens by LAMP chip and
routine bacterial culture. Results The positive rates of pathogens were 37.80% (31 cases) detected by LAMP chip and
32.93% (27 cases) detected by routine bacterial culture. There was a good agreement in detecting the pathogens by
LAMP chip and conventional bacterial culture( Kappa=0.756,P<0.05) , especially in Acinetobacter baumannii (18.29%
vs 14.63% , Kappa=0.779) , followed by Pseudomonas aeruginosa (17.07% vs 10.98% , Kappa=0.749) and Klebsiella
pneumoniae (9.76% vs 3.66% , Kappa=0.520). The overall positive rate for 13 pathogens detection by LAMP chip was
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statistically higher than that by bacterial culture (74.39% wvs 31.71%, P<0.01). LAMP chip method had the better

detection effect on methicillin-resistant Staphylococcus aureus (8.54% vs 0, P<0.05) and common respiratory pathogens,

such as Tubercle bacilli, Legionella, Mycoplasma and Chlamydia, which weren’t determined by ordinary bacterial culture.

Conclusion LAMP chip can quickly detect common respiratory pathogens in BALF of HAP patients, which is helpful for

the early identification of HAP pathogens and provides rapid and reliable laboratory evidence for targeted treatment.

Keywords: Hospital acquired pneumonia; Bronchoalveolar lavage fluid; Loop-mediated isothermal amplification;

Bacterial culture
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Tab. 1 Pathogen distribution of LAMP chip (n=82)

R PR R PR

e R S K )
Spn 3 3.66 Sma 2 2.44
Sau 5 6.10 Hin 4 4.88
MecA 7 8.54 Lpn 0 0

Eco 3 3.66 Mpn 0 0

Kpn 8 9.76 Cpn 0 0

Pae 14 17.07 Mtb 1 1.22
Aba 15 18.29

R2 LMl ESRER AT (n=82)

Tab. 2 Pathogen distribution of common bacterial culture (n=82)

Y PR =R R PR =
e R S K S )
Spn 0 0 Sma 0 0
Sau 0 0 Hin 1 1.22
MecA 0 0 Lpn 0 0
Eco 1 1.22 || Mpn 0 0
Kpn 3 3.66 || Cpn 0 0
Pae 9 10.98 || Mth 0 0
Aba 12 14.63

£3 LAMP B F i 5 AN 1 Rk R AT & Rt ()

Tab. 3 Comparison of detection coincidence rate between

LAMP and common bacterial culture ( case)

LAMP U 3 A A R

A &1t Kappafi  95%CI P1a
TN + -
+ 2 1

i 53 3 0.756  0.608~0.903 <0.05
a1t 24 58 82

R4 LAMP A5 5 5 AN R AN
13 Fofrfig JEL ARSI (4 — Bk U (n=82,45])

Tab. 4 Comparison of the consistency in detection of 13 pathogens

between LAMP and common bacterial culture (n=82,case)

LAMP LAMP

I R (+) (=) Kappa {H 95%CI P1{a
Spn ) 0

BHR(G-)  3 9 ) ) -
Sau Bi(+) 0 0

BR(-) s T - ) )
MecA Big(+) 0 0

BHR(-) 7 75 - B h
Eco BEFR(+) 0

B () 3 73 -0.019 -0.047~0.009 0.845
Kpn FEFR(+) 3 0

B () 5 74 0.520 0.162~0.878 <0.05
Pae BEFE(+) 9 0

B () 5 63 0.749 0.543~0.955 <0.05
Aba BEGH) 11 1

WR(-) 4 66 0.779 0.594~0.964 <0.05
Sma BEFE(+) 0 0

B 2 80 ) ) )
Hin BEGH) 1 0

sx(0) 3 78 0.388 -0.150~0.926 <0.05

7 :Mpn, Cpn, Mth KFIA
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Tab. 5 Comparison of positive rates of 13 pathogens between

[n=82,case( %) ]

LAMP and common bacterial culture

9 JEAA LAMP {5k Sl i ok X {E P
Spn 3( 3.66) 0 1.358 0.244
Sau 5( 6.10) 0 3.301 0.069
MecA 7( 8.54) 0 5.372 0.020
Eco 3( 3.66) 1( 1.22) 0.256 0.613
Kpn 8( 9.76) 3( 3.66) 2.436 0.119
Pae 14(17.07) 9(10.98) 1.264 0.261
Aba 15(18.29) 12(14.63) 0.399 0.528
Sma 2( 2.44) 0 0.506 0.477
Hin 4( 4.88) 1( 1.22) 0.825 0.364
Gt 61(74.39) 26(31.71) 29.990  <0.001

{::Mpn, Cpn, Mtb KFA

3w

AW E Yt HAP 3% BALF i@ i LAMP ik |
TRAEA T BRI 55 30 20 B 45 7R G SR A T X B
SYHIT, 2 T 3 I 3K R T O 9k A TE o R — Ok,
Kappa i} 0.756 , Hoh — 0 e i3 19 & Aba, Ho 2
Pae Kpn Hin, 553 41 58 35 SR 5 M HE, LAMP 8 A
TN 13 i SR (AR S 23R v 330 40 R
BrFRs, JUHUE: LAMP G5 ik MecA dg JUAR 1) BH 74
o 238 W 3 v TR AL B B R 1 A, LAMP GES R
PRI B L HAP % AR AN, 78 REAS H X 5
SN BRTH% F7 0T A 10 45 4% A P B L SR AR R AR LA
ST DL DA

PR — 2 X BT T B (Y s HAP 7] &
BURZ S54SR Z B RIZ TR S 5 R 2
BEy7 T BRI, S i BB HAP 5 J5 27 5 11 b 2
o, Lia 2505 5 [ IF ST A5, B 7R
6 h Nt Z P2 YaYr B E B8R 1 h
PP P 2 W 8T 2 G TN S BEAE TR (1 JRUBS: . 76
TR A DU AR A, H H ik 26 1 W8 5 =2 3175 e,
BALF 38 1 /8455 B 42 1) 18 B 07, 38 3 it 6 o ke
(47 2 BB bR AR, T 75 G T BR8N, % BR A
o SRR T ELA I PR S R, 2 s AR
ARUL BALF 7 46 I 2 12 A 1 12 W il R 19 7 2
AN,

LAMP i B3 & 2000 4y Notomi 28" B % 11
— PR, BT 2z Wik A NG RI HBE . %05
K EA 4 E 0 DNA RE M —HF 5519, g
I s 5 18 22 Al SR 2 0 ) AR 0 L R 9488 DRIk ] e
KAnA i s B AR B, B B U . AT
5% LAMP 585 5 32 RG0S 44 5 B 44 3 s 1353 5 %

R R FRIAE MecA SR A . LAMP S8 ik 803
B SR MecA K R 39w A IR N AT BE R
(1) LAMP &S VA BUR R B e 5 (2) 7 7 3K TR i 0T 3
M I TR BB B R oAy, 4 R ARV AE R O B
FRAE KW E AR F R LA, Hik A s X S 5
A OGS A ey o teAh, LAMP 5 %% Hin  Spn
KR E IR, — )7 5 LAMP S8 F B U 25
R, B— IS X PR A R R A T
W DR B L A I A SR i A R A e LA T
IS S R A R PET S TR TREAREE 2 h
N TR, TR LR 3 R, 7R 5 L R R
KMERE RN IR GAC, &y KA TR12 .

5 8 7 0k T, LAMP s F 35k 78 A5 I 32 Dt
A A P A A A B R DA A R 5 A% o0 R B R T
T BA AR Y R g A R B R
FRIR R IR I A0 A B 2 3R A s S (PCR) 5%
ML 2 A I 457 VS R B T 5 e ) R 45 0%
FAF R R IU , BB B ARG IR iR gL 0, 1%
FOR TCA BN 25 4% 53 BOFF o AU E BUmR AT 1
RPN EE, BT P 45 & 2 25K 5 (>5 000 ~
10 000 CFU/ml) , T 25 4% FT T 09 35 5% 7 vk 5 2 2 J]
DL AR B0 45 2R 45 B th BT 12 T AR 1R IR T
PR LAMP S F A I R I 45 4, 2R 90 ) L A
2 h P RIAT 58 A% 22 A A 4 R, R K 46 e ff 12
Jr e B 1]

{H LAMP 8 R i R A — 2 =y IR, Y 3=
FEET X LI 2 G S e e (A 5 A X 3R A5 1k
% HAP 18VE L AR RE REY KRG IT
JEY SR ) UL 13 P R AR i A 3 A PR B
FEPET LUK TR LAMP 85 R v 46 000 30 FL 22 A1 i Al
ATREEO/ WLBOR T o e A RIF 5 308 2 3 3 40 7 4 5
RAESS 1 5] BALF HRoR I B B Vb 7R 1A R 5 s A1
PTG YA e B AR PR TR, 1 LAMP S8 ik ek kel

25 bRk, 6F HAP 2% i) BALF {fi ] LAMP %
Fr g AT TR ARG I , 5 32308 200 T 5 95 6 M L, A
SR ARG HERRE B BAT e U BRAE R
B0 5 5 7E HAP ST A BL301 , BIVAT Bk gk 15
DL 38 5 B AR A G A5 L, LA & X 1 4 e
4%,

S 3k

[1] Mandell LA. Community-acquired pneumonia; an overview [ J ].

Postgrad Med, 2015, 127(6) : 607-615.
(2]

Niederman MS. The argument against using quantitative cultures in



r I PRI

2022 4E 4 A5 35 %% 4] Chin J Clin Res, April 2022, Vol.35, No.4

. 455 -

[11]

[12]

[13]

[14]

[15]

clinical trials and for the management of ventilator-associated pneu-
monia[ J]. Clin Infect Dis, 2010, 51 Suppl 1. S93-S99.

Chi SY, Kim TO, Park CW, et al. Bacterial pathogens of ventilator
associated pneumonia in a tertiary referral hospital [ J ]. Tuberc
Respir Dis (Seoul), 2012, 73(1) . 32-37.

Li Y, Sun B, Tang X, et al. Application of metagenomic next-gen-
eration sequencing for bronchoalveolar lavage diagnostics in critically
ill patients[ J]. Eur J Clin Microbiol Infect Dis, 2020, 39(2) .
369-374.

Wong YP, Othman S, Lau YL, et al. Loop-mediated isothermal am-
plification (LAMP) ; a versatile technique for detection of micro-or-
ganisms[ J]. J Appl Microbiol, 2018, 124(3) : 626-643.
Dehghan Esmatabadi MJ, Bozorgmehr A, Motalebzadeh H, et al.
Techniques for evaluation of LAMP amplicons and their applications
in molecular biology[ J]. Asian Pac J Cancer Prev, 2015, 16(17) :
7409-7414.

Dhama K, Karthik K, Chakraborty S, et al. Loop-mediated isother-
mal amplification of DNA ( LAMP) ; a new diagnostic tool lights the
world of diagnosis of animal and human pathogens: a review[ J].
Pak J Biol Sci, 2014, 17(2): 151-166.

Obande GA, Banga Singh KK. Current and future perspectives on i-
sothermal nucleic acid amplification technologies for diagnosing in-
fections[ J]. Infect Drug Resist, 2020, 13 455-483.

Mauk M, Song JZ, Liu CC, et al. Simple approaches to minimally-
instrumented , microfluidic-based point-of-care nucleic acid amplifi-
cation tests[ J]. Biosensors, 2018, 8(1): 17.

Etchebarne BE, Li Z, Stedtfeld RD, et al. Evaluation of nucleic
acid isothermal amplification methods for human clinical microbial
infection detection[ J]. Front Microbiol, 2017, 8: 2211.

Ahmad F, Hashsham SA. Miniaturized nucleic acid amplification
systems for rapid and point-of-care diagnostics: a review[ J]. Anal
Chimica Acta, 2012, 733 1-15.

Society AT, America IDSO. Guidelines for the management of adults
with hospital-acquired, ventilator-associated, and healthcare-associ-
ated pneumonial J]. Am J Respir Crit Care Med, 2005, 171(4) .
388-416.

Vincent JL. Nosocomial infections in adult intensive-care units[ J ].
Lancet, 2003, 361(9374) . 2068-2077.

Diaz E, Rodriguez AH, Rello J. Ventilator-associated pneumonia;
issues related to the artificial airway [ J]. Respir Care, 2005, 50
(7) : 900-906.

Liu VX, Fielding-Singh V, Greene JD, et al. The timing of early
antibiotics and hospital mortality in Sepsis [ J]. Am J Respir Crit
Care Med, 2017, 196(7) : 856-863.

Cabrera-Rubio R, Garcia-Nifiez M, Seté L, et al. Microbiome di-
versity in the bronchial tracts of patients with chronic obstructive

J Clin Microbiol, 2012, 50 ( 11):

pulmonary disease [ J ].

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

3562-3568.

Woodhead M, Blasi F, Ewig S, et al. Guidelines for the
management of adult lower respiratory tract infections--full version
[J]. Clin Microbiol Infect, 2011, 17 Suppl 6: E1-59.

Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated isother-
mal amplification of DNA [ J].
(12): E63.

R AR AR T 22 A2 T WP R A B B R A e
WS/T 499—2017[ S].db &%« Fh bR S A4t ,2017.

National Health and Family Planning Commission.

Nucleic Acids Res, 2000, 28

Guide for
bacterial culture of lower respiratory tract infection; WS/T 499—
2017[ S]. Beijing:China Standard Press, 2017.
AR TR 25~ 2 I e TR 4% ) 23 . e PR A W B A SR B 3%
Kefemg [ )] B BE B R e 2f 4%k, 2018,28(20) :3192-3200.
Hospital Infection Control Branch of Chinese Society for Preventive
Medicine. Guide for collection and examination of clinical microbio-
logical specimens [ J ]. Chin J Nosocomiol, 2018, 28 (20):
3192-3200.
Cai ZH, Dai YY, Huang LY, et al. Diagnosis of Mycoplasma pneu-
moniae by loop-mediated isothermal amplification; systematic review
and meta-analysis[ J]. BMC Infect Dis, 2019, 19(1): 173.
Sharma G, Tewari R, Dhatwalia SK, et al. A loop-mediated isother-
mal amplification assay for the diagnosis of pulmonary tuberculosis
[J]. Lett Appl Microbiol, 2019, 68(3): 219-225.
Kim CK, Cho EA, Shin DM, et al. Comparative evaluation of the
loop-mediated isothermal amplification assay for detecting pulmonary
tuberculosis[ J]. Ann Lab Med, 2018, 38(2) : 119-124.
XUIALSE BV, RFY | 45 3R SRR S B AR AR A M I i ¢
LS oy 7 A [T ] o I R F 5, 2021, 34 (12)
1626-1629.
Liu QX, Guo DT, Chen L, et al. Loop-mediated isothermal amplifi-
cation in the early diagnosis of tuberculous meningitis[ J]. Chin J
Clin Res, 2021,34(12) :1626-1629.
Meyer Sauteur PM, Unger WWJ], Nadal D, et al. Infection with and
carriage of Mycoplasma pneumoniae in children[ J]. Front Microbiol ,
2016, 7: 329.
Avni T, Bieber A, Green H, et al. Diagnostic accuracy of PCR
alone and compared to urinary antigen testing for detection of Legio-
nella spp.: a systematic review [ J]. J Clin Microbiol, 2016, 54
(2):401-411.
Sharma L, Losier A, Tolbert T, et al. Atypical pneumonia; updates
on Legionella, Chlamydophila, and Mycoplasma pneumonia [ J].
Clin Chest Med, 2017, 38(1) . 45-58.
Acharya B, Acharya A, Gautam S, et al. Advances in diagnosis of
Tuberculosis; an update into molecular diagnosis of Mycobacterium
tuberculosis[ J]. Mol Biol Rep, 2020, 47(5) ; 4065-4075.

s HER.2021-08-16 {&E HEA.2021-10-18 4#Ki§. LT



