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[ Abstract] Objective To establish a rapid and accurate droplet digital PCR (ddPCR) detection method for
detecting Staphylococcus aureus (SA) in laboratory animals and the environment. Methods Using the heat-stable
nuclease gene (nuc) of SA as the target gene, a pair of specific primers and probes are designed within its conserved
region. Optimize the reaction conditions, test the dynamic range, and evaluate the specificity and stability of the
method. Using the same template, test reactions were performed with both ddPCR and real-time quantitative PCR
(qPCR) method to assess the interchangeability between the two approaches. Finally, the method is applied to the
detection of various clinical samples. Results The kinetic range of the established SA ddPCR method is 100 ~
15 000 copies/ L, with a detection limit of 2. 5 copies and a quantification limit of 10 copies; The specificity of this
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method was tested, and only SA showed positive droplets, while no positive droplets were found for other pathogens;

After measuring three parallel samples, the standard deviation and relative standard deviation were calculated. It was

found that within the dynamic detection interval of ddPCR, as the target copy number gradually decreased, the relative

standard deviation showed an upward trend, but remained below 25%. This result indicates that the detection method

has good stability. Conclusions

The established ddPCR method for detecting SA has the advantages of high

sensitivity, strong specificity, good stability, and good reproducibility. This method can be applied for the detection of

SA in laboratory animals.
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Figure 1 Optimization results of annealing temperature
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Figure 2 Optimization results of primer and probe concentrations
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DURSCSE B M R A AR Sk, Hopk e RBC R (6 R
0.9996 (&1 4) . 4 AR i (¥ BE AL T 30 1247
FIN B, & 45 R i o e, Pk, 78 i
ddPCR VAR FR Z T, 75 K5 5L P 240 DNA i B 2
HFF 100 ~ 15 000 copies, ZJ&, A 2 pL

DNA RS S AR & v, 9] G AR BE7E 200 ~
30 000 copies Z [], XA AT LUAT 25CPR R 4G I 45
[ PR AT S8k
2.5 ddPCR HIFEZE MR

fdi A [ BE 9 SA DNA MR 617 ddPCR
P, Gt 3 A TFATHEAR AR AR R 22, 2551
FHH 7E ddPCR 1Y 80 12435 BBl Y, #5 DB ARG
FEXT R v O 25 T8, (AR T 25% , i B DU A
FREMHRIG(F 1),
2.6 ddPCR B4+ BR F7 7E = 1% BR

1 SA PHMEAZ R WA BE A 40.20,10,5.2. 5
F1 1. 25 copies, #4T ddPCR ¥ 34 , SANHE P47 3
W, M SA PHHAZRRMEENLZE 2.5 copies B, HKER
AT ARG E HAS 21 B A5 5, FHME (S 5 S 2 7e
1~ 9 Z[E,fiYg SA PHM R EME 1.25
copies i, ¥4 JC BH P 534075 ; 4 D ddPCR 1 A6 I 4%
FR>M 2.5 copies(#2)

24 SA FHPERE R M FE R 10 copies B, FEE %
o7 300 55 P AF O A o i 254 9. 829% 54 DNA
JEMRZE 5 copies B, H 42 2 o [A] 30 &2 {9 AH X A
WM 220 23. 329% , 4l dAPCR B 22 S BRJ2 10
copies( £ 2) .
2.7 ddPCR 753%%0 qPCR 7% B B #E i

SR 5 B 6.3 3, 4 ddPCR & it

R 1 ddPCR AN A AR RE PRI
Table 1 Stability test of ddPCR detection

TE/ (copies/ L) HRH W {E/ ( copies/ L) SEIE/ (copies/ L) PR 22 AT bR AR 2
Expected value/ Replicate Measured value/ Average/ Standard Relative standard
(copies/ L) number (copies/ L) (copies/ L) deviation deviation
55 800
50 000 56 800 56 733.33 736. 36 1.30
3 57 600
27 520
25 000 29 560 28 526. 67 833. 04 2.92
28 500
2020
2000 2 2000 2033.33 33.99 1. 67
2080
260
200 2 270 258. 67 9.84 3.81
3 246
82
80 2 81 81 0.82 1.01

80
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Table 2  Analysis of detection limit and quantification limit of ddPCR

B (copies/pl) TS W/ ( copies/ L) I il AR G2
Expect.ed value/ Replicate Measur'ed value/ Average/ Star'ldz'lrd Relativ§ stbandard
(copies/ L) number (copies/ L) (copies/ L) deviation deviation
1 50. 00
40 2 44. 00 46. 67 2.50 5.34
3 46. 00
1 20. 00
20 2 18. 00 20. 00 1.63 8.16
3 22.00
1 8. 00
10 2 8. 40 8. 80 0. 86 9.82
3 10. 00
1 8. 40
5 2 6. 60 6. 40 1.49 23.32
3 4.20
1 7.00
2.5 2 1. 80 4. 80 2.19 45.77
3 5.60
1 _
1.25 2 - - - -
3 -
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Figure 5 Standard curve of gPCR
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Table 3 Interchangeability detection of ddPCR and qPCR methods
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. qPCR " ddPCR " §E§§
pras) ke 1 —_— FX A - T4k X AR P Tz
Sample (cof)t:?/ wL) (Cj;lii{/ﬁ}fL) it {Eﬁ (coffef?/}LL) ( (‘j;lii{/ﬁu/L) btk (EZZE P value I~S ﬂ-l;re .
number Concentration/ Average/ Star.ld?.lrd Relative Concentration/  Average/ Star.lde.lrd Relative zl%c?l lcaflt
(copies/uL) (copies/pL) deviation Star,ldi,lrd (copies/pL) (copies/pL) deviation Star,ldi,lrd e
deviation deviation
12 560. 00 13 600 -
1 13 131. 00 12 260. 00 860. 21 7.02 13 270 13 293.33 241.43 1.82 0. 177 1{?0
11 089. 00 13 010
2 830. 00 3 870
2 3 326. 60 3319.50 396. 80 11.95 3760 3763.33 85.76 2.28 0.197 NE:)
3 801. 89 3 660
407. 38 551
3 524. 80 485. 66 55.35 11.40 456 511. 67 40. 47 7.91 0. 620 ;i
524. 80 528
181.97 248 .
4 234.42 232.74 40.79 17.53 265 248. 67 13.07 5.26 0. 627 ll\ljo
281. 84 233
57.54 48 -
5 48.98 53.41 3.50 6.55 45 50. 00 5.10 10. 20 0.480 ll\Ijo
53.70 57
20. 89 28
6 29.51 25.17 3.52 13.98 26 28. 67 2.49 8.70 0.316 ii)
25.11 32
4.78 7
7 6.02 5.70 0. 66 11.59 2. 60 4.57 1.83 39.99 0. 456 ;i
6.30 4.10
3.54 6. 10 -
8 3.98 3.20 0.81 25.38 1.70 2.87 2.32 80. 78 0. 857 1\?:)

2.08 0.80
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Figure 7 Clinical sample ddPCR detection results
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Figure 8 Clinical sample qPCR detection results
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