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filtrates and diluents of novel SIHP and Staphylococcus aureus with complete hemolytic phenotype (SCHP) were co-
incubated with 1% human red blood cells and HCC827 cells. Hemoglobin release method was used to detect red
blood cell toxicity, CCK-8 method was used to detect HCC827 cell activity. lon selective electrode method, colori-
metric method and immunofluorescence method were used to detect potassium ( K* ), lactate dehydrogenase
(LDH) and interleukin-6 (IL-6) concentrations in the incubation supernatants. Results The filirate and diluent
of novel SIHP could significantly damage the activity of HCC827 cells, causing K* and LDH leakage. The filtrate
and 1 : 3 diluent of novel SIHP resulted in a decrease and an increase in 1L-6 secretion in HCC827 cells, respec-
tively. Compared with SCHP, the filtrate and diluent of novel SIHP had stronger red blood cell toxicity and more
severe K* leakage in HCC827 cells. Conclusion The filtrate of novel SIHP can damage the cell membrane, lead
to content release and kill NSCLC cells, with a stronger toxicity than SCHP.
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AR R AS 23 B8 N 9. 2% AR T K i 352 7 T Al
il e SE R AT

TE ML BRANEF-AR b, MY 4 58 423 I R R 6 2 (0
HEIBR B ( Staphylococcus aureus with complete hemo-
Iytic phenotype , SCHP) T 7% J& [ 1] UL W sk £ B4 IfiL
Fio BRI, BN 2015 4F TFA B AR SR B R
TE A PR AN S8 AP I B 4 B (0 38 4 BR ERT ( Staphy-
lococcus aureus with incomplete hemolytic phenotypes,
SIHP) 1E 2 25 1 Mo 1145 75 115 SCHP A LAY
TERCRZESE . 2021 4R 7 AOTHR , ZRIER 75 —
B i 15 e Ay HE — Al 7 28 STHP, 32 F 52 45 4483+ 3 8
SIHP BRI AE D) 22 A

1 #MR5ETE

1.1 ##

1.1 BEAcRR 11 A5F AL STHP FEHALC )
33 £ SCHP, /3B B 2021 4£7 H £ 2023 47 A4%#
BEARF R 27585 R s B2 e S8 O P I i3 L JRGE
LI B JPR AT Gt 2H 245 (S0 3% [i) — R 2 A TR] A2
MR A ), & 43 VITEK 2 GP %% . Microflex LT
MALDI-TOF & % 43 #r 4L A1 16S rRNA F~ 3 7%, 3
PP AL S E I S s O A BRIE . R IR TR
S el & NS ()7 S my i 2 % N 7l (B R < SN
o BE B Bk ( ATCC29213 , ATCC25923  ATCC29212 FiI
R H IR ) K AL BIER R R E Bk
BRI E

1.1.2 2 2XAME  RTRILKE(F 5
A BARA PR T s KBS IR (13 22 SOk A AL 45
JBA A PR ) 50. 22 o (19 5 B U8 v ( 5 [ 2% BRI
AN L) 53% ik A U IR (LU B 2 A VR U O B R
FARAT) s WA (R E SOl & A R
25 7]) 596 LR TCE AL AR F 96 FLIR IS TG TR TR AL
M ( 26 B BT 24 W) 5 BFAE B 45 5 1 35 1R ~F A
(BAP) Fl 4k i 5 YL I (5 I8 K 3812 Wrialn) A FR 22
7)) ; VITEK 2 GP %% 1 AST-GP639 254+ (&
FE A= i L 23\ ) ; Luria-Bertani (LB) Py % —
PEEVA R R PR | ) A0 A0 TR RNA PR st 2 3 70) &
( LA TA W) TR A A BRZA 7)) ; ToloSeript RT
EasyMix %4 7 ft PCR ¥ # 5% 5] & 1 SYBR
Green Master mix 7¢ Y6 5E 1 PCR TR IA 5 & (_FifF
AR A RA T ) . Microflex LT MALDI-
TOF 5t 1A (7 [ A1 & 5w 23 1)) 5 ¥ TR FIE AL (1 it
PR I K A BRZA 7)) 5 Spectra max i3x Z g
A (36 B A I3 F AL 2 ) ) 5 221G HE il AR

VITEK-2 Compact 4= [ i i 4= 9 45 2 25 AN (3 B
A LR 24 7)) 5 NanoDrop 8 il 5t 3 )6 0% B2 11 A0
QuantStudio 5 ¢ ft PCR A (& [FFE 3R KA IR

).
1.2 A&
1.2.1 GEd kM K2t I Ebk, R

WV 1.0 Z R, 76 BAP bR = s Fh
5 MRAERN 0.5 wl Wi, 35 C 5% CO, 71 20
h, Fifif5 ,4 CY2 5 20 h, B SR8 AT IS T 7% J
B I X A 2B 4K

1.2.2  ##enl KEIRERIE R, % ] VITEK-2
Compact 4z [ Bl i AE ) 45 5 25 8IS0 AY B A 200K, fif
PR A R AT 25 B0 o AR 8 Tl PR 552
By S AR UEAL Pp 22 il 37 A A5 v ( CLST M100-S29 ) ) iy
2RI . o, LR M G AR S ARG A B 3 B2 (miimi-
mum inhibitory concentration, MIC) =4 ug/ml ¥ 3k 41
V8T MIC =8 pg/ml, 5 s Y 4R 0 bR 45 5 €70 7 2
BRI ( methicillin-resistant Staphylococcus aureus , MR-
SA) .

1.2.3 R EEEEER  H800 wl 48 {47
PR LB A O IR 9, A& A IR T S i
HRIVTMI . BRSBTS, BT 37 CHEFR.
B 30 min WLEE 1 I, 5716 ho WSS R U b 22
M8 fi e s B, T P A RO B IR A . AR Fl e Bk
AR (Vi) di B EAR TR (V gy ) B9 LB, K 1M
TBEE BTG o FAPEL ( =), WA AN BEE | 55
FAPELC £), Vigse <172 Vi | VIHPELC+ ), 172
Vi < Vi < Viggey | FERBAYEL (+ +), Vg =
Vi | o ATCC29213 F1 ATCC25923 hy BH 1 Xt B
F B EER R A BAVERT B

1.2.4  fxdpigrkienl  FJCH EF R PRIRCE
W RIRAE R W B B e o Z 0, I 2 % 3% XA
7K ,30 s MLESA O™ A QSR AR T 0L
AR, U T AR o B BE R B 2, TRRR Ak 9
ATCC29213 FlI ATCC25923 & FH M X B,
ATCC29212 R PEXTHR

1.2.5 k& A B mRNA KF40  HAE Gen-
Bank FPfc 5 14 465 B (0 45 25 B T DU DI I R 2k
(hla hlb hlc hld) RV 3L (gyrB) 1y DNA J# 51,
FIFH https ://www. ncbi. nlm. nih. gov/tools/primer —
blast 53F EFWE5 11 (K1) o 519G 00 FilgAd T
DN FISE R R ARRIT S V TE A 4 ) 2 BR RT 40 Y
BE, H IR EUEAE T A S RNA Pod il 5 i) &1
W5, 5 B4 o (9 4 %3 BK I RNA ¢ 1] i NanoDrop
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Tab.1 The primer names and corresponding sequences

Gene GenBank number Forward sequence Reverse sequence Product (bp)
hla KT279561 TGGTTTAGCCTGGCCTTCAG ATTTGCACCAATAAGGCCGC 190

hib EF690812 GGGGCAATATAAACGCGCTG CTGATTGAGAACGGCCGAGT 167

hlc D42143 TTGCACAAGACCCAACTGGT AGCATCCATGTTTCTGCCGT 173

hld AB043555 GGAAGGAGTGATTTCAATGGCA AGTGAATTTGTTCACTGTGTCG 88
B M86227 ACGAAGGTGGTACGCATGAA TGTACGTGCGACTTGTGGAT 278

RO T E RNA 4l Mk, ¥84
B AR A0 RNA Ve B IR 4T — 350, i R i
SR B BRI 5L 5 cDNA 32 JRSCI 986 5
i PCROKFI ML EE, A5 A B SR 514 . cD-
NA & PRI K o 15 8 R A5 an T« T A8 o4
95 °C 30 s, 74195 °C 10 s, 3B KIEfH 60 °C 30 s, 52
B WS e 40 MR . B IERRE 3 N RAL,
FERM 3 Ko LA gyrB AN S, 2 KA hla
hib hic F1 hid mRNA FFHXT K o

1.2.6 somfodebeabm] 4060 3 4 BR A B AR 2%
LB N%,37 Cio®iEds, 7 000 r/min &0 10
min &L BR A, ARG 1A & B 15 W (cell — free su-
pernatant, CFS) . Bf 45 B #k 100 wl CFS JE 1 : 1
(JRIR/PBS) AR 1 ¢ 3 FRRRIRR 1 = 7 AR, 1K
YA 96 FLIRER T F AL P o SR)5 A 1% Pk
BNLLAN A, 100 W/ AL, BRI AT, 37 CIRE
15 h,1 400 r/min B.0> 5 min, 0B HIHE L1HR.
T _LIE WO R R B 1 B 96 FLAF- I TC TR
LA Hr, 100 pl/fL. #5545 43 F Spectra max
i3x ZIREREFRAL, L 570 nm 1 600 nm WL K,
TELFLWECE(E (optical density, OD) o BAENT FEFL
JIA 100 pul A= FHERZKFT 100l 1% PEH AN L1240 &
W5 FEPAEX BRI 100l SR ZE7K A1 100 wl 1% ¥
WL AR

1.2.7 AyBHRie Ao RTABALURIESS
iR e Y A I A W R R RE . i LB A
U A5 AR B RO SRR B2 1 x 10° CFU/ml,
A 96 L% T B i LA H, 200 wl/fL. BEAN A
WRVCE 5 ASFATAL,37 CHEE 36 h, EBREEFRALN
W TTCRIK R 3 IR, DL BRAA IR & 40 5
FFLIMA 200 l 2. 5% %%, 0 30 min, D) [ 2
AEPIRE . BRE ER, TG KRR 3 . TS,
JA 0. 2% (wt/vol ) 45 i 587,200 wl/FL, Y fa 15
min, KR, FITCHEK GRS, BRI W F
96 FLARMB BT, F 88 RS, A 30% BEIRIA WL,
200 wl/AL, 8 20 min, {3 A PR L kL o8 42

Vst o (35 4% 47 F Spectra max i3x £ I fig fi b5
3, 0 5E AL ODsgs o BHMAEXT REFLANA 200 wl LB I
Vo RRHESCHR D HRGE , A2 W IEIE B WG cut-off
B (ODe) Sy [ BRFLIBOE BB Wi A . JE T 454L
(1) ODsgs ., 45 B AR 0 24 AR A= W) BT LT (0D <
ODc) 5= YL LA (ODe < ODygs <20Dc ) Fl5i
AR LT (OD g =20Dc )

1.2.8 Ak ln MEEFIESHEERAEK
B AT I o T LB A, K 4% bR i
RIEFRYF RS 1 x 10° CFU/ml, JilA 96 L FJE TG
FIALAR 1,200 pl/fl. B RRBCE 2 1T
fL,37 CHEE . 3443 F Spectra max i3x £ 1)
REBEAR L, 22 I W 45 FLI%) ODggo o {3 F Origin 2021
Bl A K 4.

1.3 Zit=5 43 {1 H SPSS 17. 0 ik 4i 1t
SEOMAT TR R A R = AR 2% (2 £ SD) UK,
ZA Z [0 LR T B R R 7 22 40 A sl AR S 80k 56,
P FE A ] b 5ok L LSD K 5 | Kruskal-Wallis £
4% Mann-Whitney 656 5800 37 BEAS ¢ 4656, P <0. 05
hzERAGIE L

2 %R

2.1 mFEEFREEHEBHHRANBMRE

35 CHF# 20 h )5, SCHP B& v J&] [ ) BUBUZ 58 20
MER, H R RSN B W] DG W, SNZER FEE
W GG 34 CVin , T IR RO A 38 K ([
1A) o MIHZ T, B8 SIHP T v J8 Bl A — 80K
B W] G T AN S8 IR LR, PSR R A9
ANGE AR MR Z (8] 2 i — A LRI L 5 X5 1%
P, MR AR R A3, i Hr = (E1B) .
B SIHP T b5 SCHP TRPR A LR B 22 57 10 5
ATCC29213 Fivis J& [l A 9 L R AR AE R LU T SCHP,
FURA BB I3 RT R/ (B 1C) o ATCC25923
TV R L BB 0 3, N R & — RN &
W A GIE TR 58 IR LR, SNZ R — I BOR JRFIR |
WG W AN E AR LR 5 Ve OIS , ¥ LER R R A
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AR (K 1D)
2.2 FFE! SIHP 70 SCHP Bz o247 Bl SI-

HP Btk 5 SCHP BERRXT 15 Fhbi Az 2 i 25 % 22 5
¥oegiit s X (P >0.05) . WKl 2 s, i SI-
HP R R &K (90.91% ) RIEPIFK(45.45% ) |
IRREZR (9.09% ) LSRRI A (9.09% ) (B4 i
F(9.09% ) | i kB 2 (45.45% ) 5 J5 8 i W]
(18.18% ) My it 25 % &5 T SCHP 1k (84.85% .
27.27% . 3.03% . 6.06% . 6.06% . 36.36% #l
6.06% ), Hix 8 Fprd R, —H Bl 258 22 5 o450
eS8

35°C,20h 4°C,20h

SCHP

ATCC29213

E1
Fig. 1

C

2.3 MmMEBREBEFTHE ATCC29213 ( + + ),
ATCC25923 ( + + ) , REZHIAG IR ( - ) o 11 FRHTHY
SIHP k., 2 #( +),9 #( + +), 33 % SCHP
BRI AR (=), 5 #R(x),2 BR(+),15 #
(+ +)o Bl SIHP B kR 1Y 10 5% 56 [ ff 75 14 58 T
SCHP bk, ZRA G N (Z = -2.454, P =
0.014) .

2.4 fbESETE  SCHP Rbk 5 Hr &l STHP [a AR Y firh
it 3 P AR 45 SR ) 2 B S

2.5 AMmMEERA mRNA KFE LI ATCC25923 )
P A i 2 mRNA R GE KPR 8 2 B, 53 5135

35°C,20h 4°C,20h

novel STHP

ATCC25293

SEBHAHKEETCLILITSRFE BAP LR MRE

Hemolytic phenotype of Staphylococcus aureus on Colombian sheep blood agar plates

A: Hemolytic phenotype of SCHP on BAP; B: Hemolytic phenotype of novel SIHP on BAP; C: Hemolytic phenotype of ATCC29213 on BAP; D.

Hemolytic phenotype of ATCC25923 on BAP
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Fig. 2 Comparison of resistance rates between SCHP and novel SIHP to 15 commonly used antibiotics

PEN: penicillin; OXA: oxacillin; GEN; gentamicin; RIF; rifampicin; LVX; levofloxacin; MFX; moxifloxacin; ERY: erythromycin; CLI; clinda-

mycin; DAP: daptomycin; SXT: trimethoprim/sulfa-methoxazole; LNZ: linezolid; VAN: vancomycin; TEC: teicoplanin; TGC: tigecycline; CTL:

ceftaroline.
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SCHP B #k B &l SIHP B #k 1 ATCC29213 #) hla
hib \hlc F1 hld mRNA A%} k&, 45 R aE 3 fr
TIN5 4 B0 7] BR A TR PR [R] hla mRINA D0 R 5K
HEFIYHFE L, B SIHP BFRIK hlb mRNA
FXT 235 BT ATCC25923 (P <0.001) , hle mRNA
FEXT ek F g F SCHP Btk (P =0.009) , hld mRNA
FHXT F235 BAILF ATCC29213 (P <0.001) , SCHP
PR hib mRNA FHX%f KB fE I T ATCC25923 (P <
0.001) ,hle mRNA AHXf ik 5T ATCC29213 (P
=0.027) fl ATCC25923 (P <0.001) , hld mRNA #j
X} #E ik B E F OATCC29213 (P = 0. 008 ),
ATCC29213 iy hlb mRNA #f %t 3% & & € T
ATCC25923 (P < 0.001) , hld mRNA % 35 35 5 55
F ATCC25923 (P =0.001) ,

5.0
45} hilb
4.0 hid
3.5+
3.0
2.5¢
2.0}
15+ # &
1.0}F B

0.5}

mRNA relative expression of four hemolysin

0
SCHP novel STHP ATCC29213 ATCC25923

3 SEEWHKANMBMLE mRNA HENRIESLE
Fig.3 Relative expression level of mRNA of the four
hemolysins in Staphylococcus aureus

hla; a-hemolysin gene; hib: B-hemolysin gene; hlc: y-hemolysin
gene; hid: §-hemolysin gene;* P < 0.05 vs SCHP; “P < 0.05 uvs
ATCC29213; * P <0.05 vs ATCC25923

2.6 RMEBME  HH SIHP FEER CFS J*T A
CLANMI YV I T M ] 5 T SCHP BBk, 22 R A 40
T L (1= —3.941,P =0.004 ), LK 4A, ¥
CFS Jsiifi 1] PBS 1= 1 Fkefa , 2 SIHP T2 #R XJ 21
240 MV I TR PEATI R 9 T SCHP T A% (¢ = —2.750,
P=0.025), WLIE 4B, ¥ CFS JFi fl PBS 1 : 3
127 R, 8 B SIHP T A% X 21 200 it A 37 i 75 1
Y5 SCHP & HRAH LL, 25 5 L ge it 2% & 3, WAl 4C.
4D,

2.7 HEWREREEES WK SA PR ,60% #i 7 SI-
HP [ Bk 8 T 58 £ W) IR |, A I Z F,

ATCC29213 \ATCC25923 ) ) 4= SCHP Mtk & T
SLEMIEIE L . SCHP B bk 1 A= ) Y 1 fE T 55
T SIHP Btk (P <0.001) fl ATCC29213 (P =
0.008) , Hr &l SIHP & #k i A4 ¥ B8 B BE ) 5% T
ATCC25923 (P =0.004) ,

2.8 HEKH#Z%k SCHP & Pk, BB SIHP [& k.
ATCC29213 il ATCC25923 1y 4= K i 48 &% A 4 5,
(KI5B) . 12 h ZHijf# SCHP EEEF ATCC25923, L)
J 10 h ZEjH)HT R SIHP [ Rk Al ATCC29213 , X1 4
WIAE R 2R AR . J5 P A K SR TR
. 30 h ZE 4719 ATCC29213 Fil ATCC25923, L) J%
SCHP G FRFIHT AL STHP B bk, B A 4 4 e i
FHL. AP MRS K TP .

3 itig

B 60, 2 PR TR R 2 O SR MR LR S L 2
TERSE R G MPLE R WES T, 77 /N L 5
(small colony variants,SCVs) N TN I
SCVs WHRTE BAP |, A K218 o RO R EMN
HH SR i/ S I B S s L AN ML, AR, X Rk
e AR, P AR A I PSR A0 A,
GERMA—EH A SCVs, 4w (4] 2 BRI £ 20
Woo By FIS PURRA LR, BEFTCT SR, LA
RV BEHUAE RSV oI LR R GR, B &
REAIR (R PR N R ZE L U 1 2 se bR 3R L R 74 3
PR ) WO T (o i 2 ) B 0 o (B - PN Tt M
) o WA, A TR A B 10 B DY U B B P AR BE T
DLIE & 25 B hab-Hi W B 4, f2 HF B-14 I 3R 1 R
RO R R L y- Y I 2 A ST I 2R A AR S F
FE A T LRI, BT 2B R R 52 B
PWREDUAER 2, AT UL, G R bR A v 43 25
HH 20 RV I R TR 4 i 00 2 R T AT G5 PR AL AR
PE, DURP IILER 1Y 28 S P Rk RARAC IR A, 2l
FERAAEE B Jm BEBe Ao i ) 57 2L STHP , 75 1 31
BB i e B Ry, BOA AR SR B, 5
SCHP B FRAH EL , 8L STHP bR 1) 15 1l 28 55 DF 2 ik
TEANIE], X B R R MG AR PR R A AR
B BEPGUD R TOMRCEE R AN TR v W ) T 24 4
R, X EMIE T HEA R AL P A

S B0 ) 2 TR T SRR P P R A2 T AR TR A
KBS T HIE R R AP SE 22 B ) R 152
w2, R I B B T RS M R S, i
REBEAGLA7 2K, 90 1 S 8 B, £k A 0 B L
S SN M IR E L T g A8 10 9
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4 SEHEHEHIKHE CFS RiREEFBREX ALMAEES M HF T
Fig.4 Hemolytic toxicity of Staphylococcus aureus ( CFS and its dilution) on human red blood cells
A: Hemolytic toxicity of 100 pl CFS on human red blood cells; B: Hemolytic toxicity of 100 wl CFS dilution (1 : 1) on human red blood cells; C:
Hemolytic toxicity of 100 wl CFS dilution (1 : 3) on human red blood cells; D: Hemolytic toxicity of 100 wl CFS dilution (1 : 7) on human red blood
cells; NC: Negative control; PC: Positive control; * P <0.05 vs SCHP

A B
2 09r 0.601 SCHP
g 0.55F * novel SHIP
w 0.8 : 4 ATCC29213
3 0.50r 5 arcc2s5923
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E 0 02 4 6 8101214161820222426283032
SCHP novel SHIP  ATCC29213  ATCC25923 Time(h)

BS5 £EGHAKENEVERERENMEREE
Fig.5 The biofilm formation ability and growth curve of Staphylococcus aureus
A The biofilm formation ability of Staphylococcus aureus; * P <0.05 vs SCHP; *P <0. 05 vs ATCC25923; B: The growth curve of Staphylococcus

aureus
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PR A, DT BELAS 75 Wik 200 L ) A Wk o A= P 5t th 2 0
240 0 P A B 2% M S DNA 19 J50 098 3 A 41 4
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Z5 TR, B A STHP B bk 1) f02E W 4 R A A
BT H LA LT SCHP AR, I IR R 37 LS T
1T RAR B AR IR B, g a5 R a2 bl
KAEA R RIBEIEINLASRIE .
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Characterization of Staphylococcus aureus

strains with novel incomplete hemolytic phenotype
Tang Wei'”*, Leng Guiyun', Gao Ju', Wang Yawu', Yao Jie', Zhou Qiang', Xu Yuanhong’

('Dept of Clinical Laboratory, The Second Affiliated Hospital of Anhui Medical University, Hefei 230601 ;
*Dept of Clinical Laboratory ,The First Affiliated Hospital of Anhui Medical University, Hefei 230022)
Abstract Objective To explore the microbiological characteristics of Staphylococcus aureus (S. aureus) with no-
vel incomplete hemolytic phenotype ( SIHP). Methods Hemolytic phenotypes were detected and categorized by u-
sing the three-point inoculation method. A total of 11 novel SIHP and 33 randomly matched S. aureus with com-
plete hemolytic phenotype (SCHP) were included. Antibiotic susceptibility test was performed using broth microdi-
lution method. Coagulase test was performed with freeze-dried rabbit plasma. Catalase activity was detected by slide
catalase test. Expression of hemolysin genes was detected by qRT-PCR. Toxicity to human red blood cells was as-
sessed by microplate method. Microplate biofilm formation was measured using crystal violet staining method.
Growth kinetic determination was performed through microcultivation assay. Results Compared with SCHP, the
expression profiles of the four hemolysin genes (hia, hib, hic, and hid) in the new SIHP were different. The new
SIHP had higher resistance rates to penicillin, oxacillin, gentamicin, quinolones, clindamycin, and trimethoprim-
sulfamethoxazole. Furthermore, the new SIHP had stronger hemolytic toxicity, plasma coagulase activity, and bio-
film formation ability. Additionally, the new SIHP grown faster in the logarithmic phase. Conclusion Taken to-
gether, the microbiological characteristics of the new SIHP are different from those of SCHP, including stronger an-

tibiotic resistance and pathogenicity, which should be paid more attention by clinicians.

Key words  Staphylococcus aureus; hemolysin; hemolytic phenotype; microbiological characteristics; antibiotic
resistance ; pathogenicity
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