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Establishment of a rapid nucleic acid detection methods for Chlamydia trachomatis. Neisseria
gonorrhoeae and Ureaplasma urealyticum
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Objective To establish an on-site automated detection method based on a microfluidic chip platform for the
simultaneous identification of Chlamydia trachomatis (CT),Neisseria gonorrhoeae (NG),and Ureaplasma urealyticum
(UU). Methods The conserved sequences of the cryptic plasmid of CT,the porA gene of NG and the 16S rRNA of UU
were selected as the detection targets,and specific primers and TaqgMan probes were designed. Positive cloned strains of
CT,NG and UU were prepared for preliminary sensitivity testing. Developed an integrated microfluidic chip based on
automatic detection equipment was developed to realize the whole process of nucleic acid extraction and purification and
real-time fluorescence PCR of "sample in and result out". The sensitivity, specificity,and reproducibility of the automated
detection method were evaluated using liquid in-house controls for CT,NG,and UU pathogens quantified by digital PCR.
The established automatic detection method and the marketed multiplex real-time PCR detection kit were used to detect
160 clinical samples at the same time to evaluate their consistency. Results The positive cloned strains were identified

by agarose gel electrophoresis and DNA sequencing and constructed correctly. The detection limits of CT,NG and UU of
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the established fully automated assay can reach 1 10” copies/test,and the detection range is 1 10° —1 10" copies/test. The
method has excellent specificity and is not interfered with Herpes simplex virus type 1/11,adenovirus, Enterovirus type 71,
C. pneumoniae .M. pneumoniae and Human immunodeficiency virus type 1. The method has good reproducibility, and
the coefficient of variation is <<5%. In the comparative study of 160 clinical samples, the detection rates of CT,NG and
UU by the automated detection method were 15. 6% ,10. 6% and 35. 6 % ,respectively. There was no significant difference
between the automatic detection method and the comparison kit (P>>0. 05). The positive coincidence rates of CT,NG and
UU were 96. 2%, 94. 4% and 93. 4% respectively, and the negative coincidence rates were 100%. Hence, the total
coincidence rates were 99.4%,99.4% and 97. 5% for CT,NG and UU respectively. ~ Conclusion The established on-
site automated detection method has excellent sensitivity, specificity and repeatability. This approach has obvious
advantages including high degree of automation, short detection time, simple and fast operation, and is not limited by

laboratory, which is suitable for clinical rapid diagnosis of CT,NG and UU.
[Keywords]) Chlamydia trachomatis (CT) ; Neisseria gonorrhoeae (NG) ;Ureaplasma urealyticum (UU) ;microfluidic

chip;on-site nucleic acid detection
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Table 1 Sequences of primers and probes for CT,NG ,UU and IPC
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CT-F CAATGGATTACCTATAACTGTAGACTC

CT-R  ACGGATCTAAGCTTGTCATTTGA 129 [12]
CT-P CY5-TTGATACGACGCCGCAAAAGCTCT-BHQ3
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UU-P  FAM-AACCCGCCTGCGCTCGTTT-MGB
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Fig. 1 Schematic diagram of P1000F and supporting microfluidic chips

2.4 AREEARHEEE K CT.NG Hl UU
P I TR R 55 LU TR 6 )5 VR 0 BE AR B B4 I AT 4%
SO R AT A DU N A U S R R BORE . T 2 8K
¥ PCR & 52 1 FH M Rt S0 A28 A IR VR A7 3 19 Jo 42 i 7
o AR I B e B2 T R AT SR RE 19 3

2.5 HpMsir @A | SR ik o i Al
e 1AL LAY B 28 W B 7 71 AU il R K
SRR it 5 S EAA L DL RN S B v 1 A B P o
P b HEAT I, 43 B R Oy ik i R R . RS R B
AL I 3 I B

2,6 EHMEE VUPEREAR R REA O
X 10* copies/test) Mg 15 F 2 BB 9 55 B M FE AR (3 X
10° copies/test) DI J A7 &5 BH PEFEAS (5 X 10° copies/
test) PURNY B2 1) CT NG F1 UU (978 G BH R BT 2 5 43
A AR ARG R TR, FE A6 W A B A I 2
R E LIRS W R AR Co Y22 5 R AL
(CV),

2.7 EARAEAMGK RTES A ATk



TR R R A D F R

Journal of Pathogen Biology

2025 4F 2 45 20 %56 2 W
Feb. 2025, Vol.20,No. 2

C b7 22 F R I 50 A R I A I 160 451 Il PR REAS T
W BT dE ST R4 A SR 5 2 BT 2 AR &
(1 — S0, LIS TIEAR BIF 53 2 37 1 42 [ s Iy ik 0 I
RATATHE
3 HELitT

il KA SPSS 26. 0 % 52 BRAe A< 3 25 R 2E 17 42
T2 AT AL HLBCR T K5, DL P<<0. 05 25
NI -

#H R

1 PHMEEEEHRMHEEMEE

¥ CT NG T UU Jdk2Z 250 525 J R 1 98 e 85 77
J&i s #EAT PCR ™18 B Wy dE 47 200 Byt B W 58 1 Pl Uk
Yoo g5 R Bon CT NG K& UU [ 18 7= 9 43 il vl WL
129 bp.89 bp FI 148 bp MyHF R 4547 . K/ 5 B — 3%
(B 2) ., [R)S) X 22 4 BA P o e T 00 47 D0 0 245
5 NCBI Eest iy CT.NG J UU B 7 81 56 4 —
S, UFE IR I A . 3E O BN PH R v R TR AR
PEAT R 55 CTONG M UU HkEEZ o 12X 10"

copies/ml.,

2000

1000
750

500

250

100

M  DNA FE# (DL2000) 1 CT PCR ¥ 34774 (129 bp) 2

NG PCR #"# %47 (89 bp) 3 UU PCR #3474 (148 bp)
2 CT.NG 71 UU PCR ¥ #8 7= 4 % 7€ 8 ik B

M  2000bp DNA marker 1 CT PCR amplification product (129
bp) 2 NG PCR amplification product (89 bp) 3 UU PCR
amplification product(148 bp)

Fig. 2 Electropherograms of CT,NG,and UU PCR amplification

product identification
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Note: The abscissa is the cycles number, the ordinate is the
fluorescence value. The sample concentrations of curves 1 —6 were 1 X
10" —1X10* copies/test. A,B,C are the raw data of the test results
of the detection range of the CT, NG and UU automatic detection
method, D is the schematic diagram of the results of the automatic
detection method.

Fig.3 The detection range of the automated detection method

for CT,NG,and UU
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Note: The abscissa is the cycles number, the ordinate is the
fluorescence value. a,b,c and d are the raw amplification curves of
IPC,UU,CT,and NG positive control.

Fig. 4 Sensitivity of the automated detection method
for CT,NG,and UU
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Table 2 Method-specific results for CT,NG,and UU automated
detection method

SRILEH RN Ct fi Cycle threshold
Pathogens CT NG uu IPC
AR T T R I B4 R 31.22
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Jili 9 3¢ J A4 RS Bk B 44 30. 40
N e e R 7 1 B I [P R 29. 89
Ktk 31.53 34. 90 30. 45 31.53
1L 31.72 34.07 31.11 31.72
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Table 2 Method-specific results for CT,NG,and UU automated
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Note; The abscissa is the cycles number, the ordinate is the
fluorescence value. Curves 1,2, and 3 showed that the input sample
concentrations were 1 X 10%, 3 X 10 and 5 X 10° copies/test,
A,B,C are the raw data of the detection results of the
fully automated detection method of CT,NG and UU.

Fig.5 Repeatability of the automated detection method
for CT,NG,and UU

respectively.

R 3160 il PR A A B4 25 SR

Table 3 Detection results of 160 clinical samples
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Table 4 Comparison results of the automatic detection method

and the compare real-time fluorescence method for the detection
of 160 clinical samples.
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