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Composition and antifungal susceptibility surveillance of clinically isolated
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Abstract: Objective To monitor the clinically isolated fungi in Shandong Province from 2018 to 2021, and compare

the difference in composition and antifungal drug sensitivity of isolated fungi between children and adults. Methods
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Based on the Shandong Province pediatric bacterial & fungal antimicrobial resistance surveillance system ( SPARSS),
clinical isolation fungal information from 47 comprehensive hospitals, 11 maternal and child health hospitals, and
1 children’s hospital in Shandong Province from 2018 to 2021 was collected, and WHONET V5.6 software was used to
analyze the composition and drug sensitivity of fungi in different populations. Results A total of 15,348 strains of fungi
were collected, of which 95.5% were isolated from adults and 4.5% from children. The predominant fungi isolated were
Candida (78.4% ) and Aspergillus (17.8% ). Among the Candida isolates, C. albicans (41.8%), C. tropicalis
(22.7%) , C. glabrata (17.5%), and C. parapsilosis (11.0%) were the most common, while Aspergillus isolates
were predominantly composed of A. fumigatus (53.7%) , A. flavus (15.3%) , and A. niger (7.2% ). The top five fungi
isolated from adults were C. albicans (32.1%) , C. tropicalis (18.1%) , C. glabrata (14.0%) , A. fumigatus (9.8%)
and C. parapsilosis (8.5%). For children, the top five isolated fungi were C. albicans (47.3%), C. tropicalis
(11.2%) , C. parapsilosis (10.6% ), C. glabrata (6.8%) , and A. fumigatus (4.4% ). A total of 1,989 fungal isolates
were obtained from sterile specimens, predominantly composed of Candida (90.2% ) and Cryptococcus (4.3% ). Dur-
ing the 4 years, no significant trend was observed in the fungal composition from adults. However, among the isolates
from children, there was a decrease in the proportion of C. albicans and an increase in non-albicans Candida. Overall,
the proportion of abdominal dropsy isolates identified as C. albicans decreased from 61.8% in 2018 to 46.2% in 2021.
Most Candida species exhibited high sensitivity to amphotericin B, with wild-type rates exceeding 97%. Candida spe-
cies varied significantly in their susceptibility to azoles, with the susceptibility rates of C. albicans and C. parapsilosis to
fluconazole and voriconazole were 91.7%/84.7% and 91.6%/87.4% , respectively, while C. tropicalis were 67.8% and
40.6%. C. tropicalis showed a sustained decrease in susceptibility to azoles, with susceptibility rates to fluconazole and
voriconazole decreased from 70.4%/46.4% in 2018 to 65.3%/35.2% in 2021. The resistance of some Candida species
from children and adults to azoles was different. The resistance rates of C. tropicalis isolated from children to flucon-
azole and voriconazole were 40.6% and 32.8% , higher than 27.4% and 23.2% in adult isolates. The resistance/non-wild
type rates of C. glabrata isolated from children to fluconazole and voriconazole were 16.2% and 25.7% , higher than
3.4% and 18.0% in adult isolates. Conclusion In Shandong Province, Candida and Aspergillus are the predominant
fungi isolated. There are differences in the fungal species composition and drug sensitivity between adults and children.
The declining trend of C. albicans in pediatric patients and the higher resistance of non-albicans Candida to azoles con-
tribute to a more critical situation of antifungal resistance in pediatric fungi. Additionally, the annual decrease in suscep-
tibility of C. tropicalis to fluconazole also warrants attention and corresponding measures.
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Table 1 Age distribution of differen genders in adult children patients
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Table 2 Distribution of clinically isolated fungi from member units of SPARSS from 2018 to 2021 in Shandong Province/n( %)

i ik e e P
PEEEN PR 7Pk PEEZN BE L .
STk 5025(32.7) 4700(32.1) 2113(27.8) 2587(36.6) 325(47.3) 166(43.7) 159(51.8) <0.001
P TR 2732(17.8) 2655(18.1) 1614(21.3) 1041(14.7)  77(11.2)  44(11.6) 33(10.7) <0.001
St SRk 2103(13.7) 2056(14.0)  764(10.1) 1292(18.3) 47(6.8) 16(4.2)  31(10.1)  <0.001
JH 2 1464(9.5) 1434(9.8) 860(11.3) 574(8.1) 30(4.4) 19(5.0) 11(3.6)  <0.001
bl e gas7 ] 1324(8.6) 1251(8.5)  799(10.5) 452(6.4)  73(10.6)  55(14.5) 18(5.9)  0.056
i 417(2.7) 400(2.7) 235(3.1) 165(2.3) 17(2.5) 14(3.7) 3(1.0)  0.689
i SN 279(1.8) 273(1.9) 106(1.4) 167(2.4) 6(0.9) 1(0.3) 5(1.6)  0.058
B 197(1.3) 180(1.2) 86(1.1) 94(1.3) 17(2.5) 13(3.4) 4(1.3)  0.005
To#4 AR 128(0.8) 125(0.9) 77(1.0) 48(0.7) 3(0.4) 1(0.3) 2(0.7) 0.385
Bl = A B AT 95(0.6) 91(0.6) 63(0.8) 28(0.4) 4(0.6) 1(0.3) 3(1.0)  0.999
kRS N | 96(0.6) 92(0.6) 52(0.7) 40(0.6) 4(0.6) 4(1.1) 0(0.0) 0.883
B BBk 84(0.5) 83(0.6) 47(0.6) 36(0.5) 1(0.1) 1(0.3) 0(0.0)  0.144
+ il 66(0.4) 65(0.4) 39(0.5) 26(0.4) 1(0.1) 1(0.3) 0(0.0) 0.244
WS AT 59(0.4) 54(0.4) 36(0.5) 18(0.3) 5(0.7) 2(0.5) 3(1.0)  0.190
HAth 1279(8.3)  1202(8.2) 699(9.2) 503(7.1)  77(11.2)  42(11.1) 35(11.4) 0.005
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Table 3 Species distribution isolated from sterile specimens from SPARSS from 2018 to 2021 in Shandong Province/n( %)

. , A JLE
A i walk e R Wk B e
EPRNERL 716(36.0)  653(35.6)  360(32.3)  293(40.7)  63(41.2)  38(40.9) 25(41.7)  0.101
P SR 367(18.5)  338(18.4)  220(19.7)  118(16.4)  29(19.0)  15(16.1) 14(23.3)  0.867
IV SR 343(17.2)  316(17.2)  214(19.2) 102(14.2)  27(17.6)  20(21.5) 7(11.7)  0.891
6 AR 247(12.4)  240(13.1)  123(11.0)  117(16.3) 7(4.6) 4(4.3) 3(5.0)  0.002
BB ER T 72(3.6) 71(3.9) 39(3.5) 32(4.4) 1(0.7) 1(1.1) 0(0.0)  0.041
Te4 TR 27(1.4) 25(1.4) 20(1.8) 5(0.7) 2(1.3) 1(1.1) 1(1.7)  0.999
R SR IE R 24(1.2) 24(1.3) 18(1.6) 6(0.8) 0(0.0) 0(0.0) 0(0.0)  0.252
VA IR 31(1.6) 29(1.6) 19(1.7) 10(1.4) 2(1.3) 0(0.0) 2(3.3)  0.999
T BT 11(0.6) 9(0.5) 6(0.5) 3(0.4) 2(1.3) 2(2.2) 0(0.0)  0.205
% IR 16(0.8) 14(0.8) 12(1.1) 2(0.3) 2(1.3) 2(2.2) 0(0.0) 0352
ZMSE IR 14(0.7) 13(0.7) 9(0.8) 4(0.6) 1(0.7) 0(0.0) 1(1.7)  0.999
Bl % A B AT 12(0.6) 12(0.7) 8(0.7) 4(0.6) 0(0.0) 0(0.0) 0(0.0)  0.616
HAh, 109(5.5) 92(5.0) 68(6.1) 24(3.3)  17(11.1)  10(10.8)  7(11.7)  0.001
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Figure 1 Species distribution of fungi isolated from different sterile specimens
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Figure 2 Composition of fungi isolated from adults and children from 2018 to 2021
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Table 4 Susceptibility of major fungal species to common antifungal agents
- Pk B SRS nes
BREL/ n R,wr/ (%) Swi/n( %) BREL/ n R, wr/ (%) Swi/n(%)
HaHE 3351 13(0.4) * 3338(99.6) 3484 180(5.2) 3194(91.7)
P R 2010 8(0.4)° 2002(99.6) * 2105 585(27.8) 1427(67.8)
;&%/’%’*ﬁﬁk@ 1003 18(1.8) * 985(98.2) * 1034 57(5.5) 947(91.6)
S IR 1488 4(0.3) " 1484(99.7) " 1534 57(3.7) —
LR 150 1(0.7) * 149(99.3) * —P — —°
A A IR P 74 1(1.4)" 73(98.6) * 78 7(9)" 71(91.0) *
Zh 5K 36 1(2.8) " 35(97.2)° 38 7(18.4) " 31(81.6) *
BB ER T 66 11(16.7) " 55(83.3) 66 4(6.1) " 62(93.9) "
- AR ST B P i s
s/ n R, i/ 1( %) Swr/n(%) KR¥/ n R, wi/1( %) Swr/n(%)
Elmfjk[a 3394 194(5.7) 2874(84.7) — — —
P AR BR A 2016 474(23.5) 819(40.6) 1930 432(22.4) " 1498(77.6) *
Sl i PN N ] 1047 35(3.3) 915(87.4) 1018 20(2.0) ° 998(98.0) *
pini:pes NG| 1426 259(18.2) * 1167(81.8)* 1339 38(2.8) " 1301(97.2) ¢
LA AR R 139 8(5.8) 131(84.9) 134 11(8.2) " 123(91.8) *
%G F IR A —° — — 65 3(4.6) " 62(95.4)
Al SR TR A — — —° 44 1(2.3)* 43(97.7) *
R B R 55 7(12.7) " 48(87.3) " 59 4(6.8) " 55(93.2) *
ARG ECV HIE (AR A SR B AR AR R R JG SRR T A S BOREE RN A T 25 ;¢ FonE G CBP M

ECV S0,
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2.4.2 BN 5 L 43 851 S BT Rl ) 24 ) s
PEER

X BN 5 ) LEE H 43 B8 118 DU b = LR TR AR T
P B 25 0 UM EA T A, R AL
3 3 ST T S R TR R I A R T T 24 ) U P A
B0, AR T A S BR B AOE I S 2R A, LB P B
PR BB L 25 25 s TN B R, L
SR P, I 8 B B SRR I i 245 23R 43 Sl Oy
40.6% F1 27.4% , AR ST FEME R TR 2452553 31 32.8%
M 23.2% 0 22 55 K5 i 2% B L (X = 5. 453,

P=0.065; x*=1.006,P=0.605) ; JL# 5l A\ 405
PR T A BR TR X 96 R W TS 245 3% 43 il O 16. 2% FiI
3.4% , 2238 G X (P=0.002) , %R ST R s
AR B A 2R3 W H 25.7% F 18.0% , 2% 5 o 48 it
FENU (Y =1.377,P=0.241) , HLZE DL F RN &
PR B I UBR R B, N S VAR 2 IV 43 B0k, A
JUFE FR 23 B 14 DU o 80 TR T 0 G e 10 2 45 0
FETRA, HZ5H 5158 X (P<0.001,P=
0.006) , W 5~6,

5 MASILEPEN FE AR YRR ER
Table 5 Differences in antifungal sensitivity of major fungi between adults and children
A JLE
[Espi Pt L 7 Swi/ R,..wi/ Syr/ R, wi/ P
" n(%) n(%) n(%) n(%)

SR MR B 3109  3097(99.6) " 12(0.4) " 242 241(99.6) 1(0.4)" >0.999
L nae 3243 2977(91.8)  165(5.1) 241 217(90.0) 15(6.2) 0.635
R 37 B 3153 2661(84.4) 180(5.7) 241 213(88.4) 14(5.8) 0.116
P SR PitEE K B 1945  1937(99.6) "  8(0.4)" 65  65(100.0)°  0(0.0)" >0.999
AL e 2041 1392(68.2) 559(27.4) 64 36(56.2)  26(40.6) 0.065
RS FRE 1955 793(40.6) 454(23.2) 61 26(42.6)  20(32.8) 0.605
CaiifE A 1867 1458(78.1) " 409(21.9) " 63 40(63.5) " 23(36.5)" 0.006
Sl - P N ] W7 B 941 925(98.3) *  16(1.7) " 62 60(96.8) * 2(3.2)" 0.307
LR 972 890(91.6)  54(5.6) 62 57(91.9) 3(4.8) 0.256
R FEms 981 856(87.3) 33(3.4) 66 59(89.4) 2(3.0) 0.884
e ity B e 951 933(98.1) *  18(1.9)" 67 65(97.0) 2(3.0)" 0.384
G SR PR E B 1452 1448(99.7)"  4(03)" 36 36(100) 0(0.0) " >0.999
SR e 1497 — 51(3.4) 37 — 6(16.2) 0.002
R FEm 1391  1141(82.0) " 250(18.0) " 35 26(74.3) " 9(25.7)" 0.241
g R s 1305 1272(97.5)° 33(25)° 34 29(85.3) "  5(14.7)" 0.002

“ARFEMKE BCV I 5E i B AR LG AR B A R AR 30 P T U AT RS BB

K6 MG ILE P B0 3 B RO SR LR 5 SR 1 2 S

Table 6 Differences in comprehensive susceptibility of major fungi to fluconazole between adults and children

_ i [N JL#

bk R PR s B s P
Bk MR 4700 2977/3243(91.8%) 325 217/241(90.0%)

Pl Sk 2655 1392/2401(68.2%) 77 36/64(56.3%)

B e L 2056 0/1497(0.0%) 47 0/37(0.0%)

SEW AR 1251 890/972(91.6% ) 73 57/62(91.9%)

e 10 662 68.2% 522 77.2% <0.001
1% MR 276 214/238(90.0% ) 50 36/40(90.0%)

P AR T 221 102/184(55.4%) 22 11/20(55.0%)

B 1: praes 3L 156 0/129(0.0%) 7 0/7(0.0%)

bli e a7 N 203 153/171(89.5%) 25 21/22(95.5%)

e 856 64.4% 104 77.9% 0.006

2.4.3 P TR B RSB 1 AR 1k

Xof AT A8 TR TR X s 2 24 0 R 1 AR AL R AT
AYMT, IR SRR TR AR T 2 X RS s R, S s
FOHER R 2018 4E Y 70.4% 1 46.4% F i =
2021 4E 1 65.3% 1 35.2% , Forbr | AR 57 B M R
A A Gt X (x* =15.86, P<0.001)

I 32 73 7 b 1 B B A SRR ih 2018 4R 1Y
63.9%F1 40.0% [ & 2021 41 51.3% 1 28.4% .
ANV A TR R A 2 LY S A, AT 5 R A R
SERHE R ST e MIC 9 JL AT 2 50 A [l 7
BER TR, WA T,
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Table 7 Changes in susceptibility of C. tropicalis to fluconazole and voriconazole from 2018 to 2021

BUE A Ay &/ n IR/ % MIC,,/(mg/L)* MIC,/(mg/L)"  GM/(mg/L)*

FRURREmE (A 2018 334 70.4 1 128 3.050
2019 405 68.4 1 128 3.476

2020 540 69.7 1 128 3.273

2021 826 65.3 1 128 3.651

AR T FEWE () 2018 293 46.4 0.125 4 0.209
2019 394 44.9 0.125 8 0.259

2020 519 42.4 0.125 8 0.242

2021 810 35.2 0.125 8 0.296

SRS A (I ) 2018 36 63.9 2 128 4.944
2019 33 63.6 2 128 4.634

2020 59 50.8 2 128 5.366

2021 76 51.3 2 >128 6.891

AR 7 B (I3 2018 35 40.0 0.125 8 0.339
2019 31 38.8 0.125 8 0.377

2020 60 40.0 0.125 8 0.302

2021 81 28.4 0.250 8 0.529

* R AT R T REAT RUH T 50% 43 B R AE K TR B MIC ;™ 6775 42 38 T M R 4T ) 1 v 909% 43 B Wk 2 4 B 7 11 MIIC
REFBIUTIEL,
(>90% ) , BEAEAIF 73 41230 [ P il 25 P Je 4 1) ) o
3 3 REHRE, LI il 85 N (59.3%) , ik # il
(27.5% ) MR EE (5.8%) ", ABFR4 R S5 E N
RPBVEEE 2 IRIBPIEHARE RN, BEL BAKCEHIT, B8 (53.7%) F1#& %5 (15.3%)
A 650 J7 B E MR MEEL BN, 380 7 ABETS, B ELRIIR, 54K 2R — 80, AR R R
H1 250 T NPT B3R AR T BB R, R R DRSS BB ER AT O P S BR B DH &BR
ESRITRUGERFEBUSMOCHEE . T EAE R SERE . JCRARA 2B Y AR T A
7S b DXL PR TR (s D A B R R BB A A A S 2 2 B S AR R, R AR = A Y 4
JEMENS L, AT XT 2018 4F 2= 2021 AE[MIILIARE MG S IE-F SR ADGH BRI R6E , AN H
PRAY B B A BE 0L AT T B o0 M, BT SE X ERW BRI R A B KR, ERZHER
A B BB TR LEABAERA, X5 T, USR5 08 B S BRI A, 1M
S RIE—E, TTRE S IZ AT A IR IR G EER T DG SR A TR E N i
FER R EA O, IR iR A L e R R FEAYAE AU BR s AP0 BRI, B R —
SR KR B R BFERIGER i E R BB BTEE BB A SR 7 LB T P S ER R, R
KA AN AR A RN AR RFEES] N RBeR EE AR B SR E A AT
FLRR O 1 B AR A A 1 25 57 RORNTRARIE e N bt IX, Ll 2R 8 43 B AR ER A 7 LA, I
BEREAA RO, R RN AR T B, L 41.8%, I W 43 35 00 1 /& Bk AL & & 5k 5 R 1
BH I AR O AR T, RIS 31.6%, AE AR ERE S R SRR IS LA B B
FALH BUAE R TT R SR FEX R AR Ay BAK T UL UR i IX A 58.49% 7 i R ML IX AY
BIMRIEAT T B M H Z AR M 22 5 60.2% B 8 b IX 19 50.45% 2 K DU 1| H X (Y
KNB#E LHEZENER A ESER, BEAAE 63.36% T 54 F B K F 401%™ 1T,
PREAFD G SR B A Bk A BB de R A R DL R IR B AT A X8 2 B LA 1A A
PRV HEMX R 2 RARCA TTRE S H It R B 2R IRIRAE ST 2 U604 T I R AT RE S A Hh X
TR B B B 4k & 12 78 M R A 6 AHSEHHE | TR AU 07 i s X K B 7 ML) 1 J e
R W RS Ll AR 4 0 15 1 LB AT DA BR B FLPE O RRSE R
FhEE R 32, ASIE) TR 5E H DX % DL it B e o = RUEAEAE N XM 22 57, R 2 804GE 1 — A~ 3L [H]
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