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Abstract

Objective: Targeted Next Generation Sequencing (TNGS) will be used to investigate the pathogens
causing community-acquired pneumonia (CAP) in hospitalized children in Yangzhou after the SARS-
CoV-2 pandemic. The goal is to comprehend the spread of CAP pathogens among children following
the policy change. Methods: We conducted a retrospective analysis of the target sequencing test
findings for several respiratory infections in children admitted to the Department of Pediatrics at
Yangzhou University Hospital between June 2023 and May 2024. This period accounts for 50% of
all pediatric consultations in Yangzhou. Children’s respiratory pathogen infections were examined
atvarious age points and times of year. Results: There were 1161 instances of CAP in children (1137
upper respiratory tract samples plus 24 alveolar lavage fluid samples), and 1087 pathogenic class
A pathogens (93.63%) and 664 pathogenic class B pathogens (57.19%) were found in those samples.
Class A pathogens: 71.85% (781/1087) were single infections, 28.15% (306/1087) were mixed infec-
tions, and the common mixed infections MP + rhinovirus (HRV) positive rate was 5.98% (65/1087);
the positive rate for human respiratory syncytial virus (RSV), human parainfluenza virus type 3
(PIV3), and human parapneumovirus (HMPV) decreased with age; the majority of pathogen-infected
preschool and school-age children were MP infections, with summer and fall being the highest and
winter being the lowest. In the past year, the resistance rate to MP infection was 88.03% (618/702),
with A2063G dominating the gene variant locus 100% of the time. The most common pathogens in
category B were caused by Gram-negative bacteria (582/1161, 50.13%), with Haemophilus influ-
enzae as the primary representation. The age group with the highest infection rate was those under
two, while the age group with the lowest incidence was those over six. Conclusions: The epidemio-
logic pattern of CAP respiratory pathogen infections was altered by the post-SARS-CoV-2 pandemic.
However, MP infections still follow the same age and seasonal patterns associated with RSV infec-
tions. And MP infections typically manifest at a younger age. The sensitivity of NGS detection tech-
nology is high, while that of TNGS detection technology is high. It may identify opportunistic infec-
tions, the most prevalent of which is Haemophilus influenzae, which is useful for CAP infection iden-
tification and early clinical diagnosis. The TNGS test can identify opportunistic infections, including
Hib, with a high degree of sensitivity.
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1. 518

E 5 D LN LEIT RN — b5, R4 oRH s JLE N % /& CAP. TR )L2E CAP
JRAT B8 SR A B 1 R R 3T U 0 T B AR P RRAE, IR JRTTRE IR YT, 8 S DU S IR0 M F 27
SRIPA RN 25 1

2020 A H1 eI B A RS TR B N B B, SRS Al AR 254 T T4 it (the non-pharmaceuti-
cal interventions, NP1) A 2 FEL1E B et i 25 A6 7, 2 T 78 [1] [2] 30, NP1 A R 1z 2w 5L 71
IR, N2 IR G5 SR R 15 31 T S A 98/ o (0 2023 4R FRIE G B0 BT B, i i
PRG35 AT HE Bl 9T 7 073 B IR AT 5 N SRS I 0T 20 E o« SR o 8 I TNGS BiAR S U np il
TR IEAR, & E T BRSO G N R 55 TR PR 7 JE AR AL R R ek As, 3 #T JLEE CAP 1E
HE IR R RTAT SR R AR AT L, NN X L CAP U2 1R AL ] SE A2 T Ik -

2. ZINEH*E
2.1, EEMeE

IS4 2023 4 6 H % 2024 45 5 A K CAP T )LE 2R A MHLIX 172 (1370 K 220 J8 B2 5 ) LRBHE B
TRTT S5 LRI T8 22 oo JE A4 08 1o 00 A 8 225 SR AT Bl e 0 A . M ARt 4R 29 d~14 2 8L
W OLEAL X RGP R 297 TE) (2019 4ERR) [B17F T3 B e L, BEAT WRIRCIE 22 A JER AR B
P A B OB MR 15 LR e HERRARTE: REFARAR AR & 2k JRE R E R L, W
SCRE R SCRE NG A RAE. CREMEEA RS BRSNS fAEERER B IL, W
Fe KPR SCREY k%

2.2. FRARE

ANBE 24 h ARAEMI T, RGBS T T 5 BER B8 2 3 05 B T IRAFIUT . BAE FAT LR 430
B BESEATGYT 1 LR MRV E T o e o REEFEARAF T-80°CUKF T, LTIk
B %A A R A I R A AR T AT TNGS BRI

2.3. #MzE

FEREARE T IR T H AR . S IR RRAR G M T T B B MR IR DA 24 w]) AT I
FLBRAEHL . N ATE R 20 )6 E (Nanodrop) BEAT VR FEIIE , 1030 BUA X IRIR I « 38 1L & Bl cDNA,  HARIX
WEE. SURY . SOFEAML. SO ERESFRIFD R TERE, AR RIS,

24. BMLER

RIS 107 Foft (A7) S 198 (i 8 E W ) WP R 0 U A= 0 At D485 SR 90 R B I A 26 B0
PEB I, Huwth C 38, AWTTUE EIRITEURTE A RS BURME B Z80m R 1A,

2.5. GeitFAbE
K H Excel £ SPSS 25.0 #AFHHT Gu it 2% 0 M. THEUETRL DABI(%) 3R,  HRECR FH x K58 5X Fisher i
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PIMERE, DLW P < 0.05 R R4 Gt 25 X
3. R
3.1, —fRER

ARFLUIRET 1161 FI(_LMPRIEFEAS 1137 B + FiiyERELR RS 24 1)) CAP &L, H 5 579 41,
% 582 i, MRtk 1:1.005; AR 5 X FURME A JOR EAAK H 1087 41(93.63%), FURTE B
595 JEAAR K H 664 151(57.19%)

3.2. Bimtt A R E R ERRER

&Y 781 1, (S FAME LK) 71.85% (781/1087), LL MP &Lk 1 (488/1087, 44.89%), 4AxH—
JEY 4195 75 (293/1087, 26.95%); VB A EYLE 306 15, A BHYEH LK 28.15% (306/1087), MP + HRV &
B LIRSS, 3L 86 151(86/1087, 7.91%) . R 7 L% WAIVR A KGR LK 1,
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Figure 1. Mixed infections among pathogenic group A pathogens in children with CAP
Bl 1. CAP B/LEmE A XmREHAVRE SRS

3.3. Btk A KPR RFERRAREFBRR AR

<1 %, 1~<3 %, 3~<6 %, 6~<9 &, >9 G FRALE ) LI AR H 2 730 91.82% (101/110). 92.71%
(178/192). 93.88% (322/343). 95.37% (309/324). 92.19% (177/192), 4|8 i 3T Gt 2% 2 L (x2 = 3.228,
P>0.05). RSV. PIV3. HMPV [¥IRH A H 26 Bl 08 3K B R % (x2 = 109.397., 45.617. 22.317,
¥ P=0.000). HRV. IVA 7£ &4k 4 i RGPt 26 22 o gi it 2% 2 (P > 0.05). 22 LI(<1 &) R i I
SRR JE AR RSV, 2L 40 LI(1~<3 %) K CAP (B VA7 5 IR GL i JE AR 25 3, T A0 AT
(3~<6 %) 2 (=6 %) Bl MBS RS2 MP, Jor MP LG DL 1 LB RN E (BT > 70%).
FERS 2 CAP (E R B LEURTE A 85 W JE AR H 22 (10 70 A L T WL L.
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Table 1. Detection of common pathogenic infections in CAP hospitalized children of different age groups (pathogenicity
category A) [cases (%)]

F 1. NEFURLE CAP (£ LE Wis R AR a9 H T S (BUm M A 3) [61(%)]

i B A4 <1% 1~<3 % 3~<6 % 6~<9 % >9 % X8 P1E
MP 18(16.36)  71(36.98) 200 (58.31) 268 (82.72) 145(7552)  219.779 0.000
HRV 20 (18.18) 29 (15.10)  61(17.78)  40(12.35) 20 (10.42) 7.955 0.093
RSV 29 (26.36) 40 (20.83) 30 (8.7) 7 (2.16) 0 (0.00) 109.397 0.000
PIV3 14 (12.73)  22(1146)  13(1.32) 4 (1.23) 4 (2.08) 45.617 0.000
HMPV 10 (9.09) 24 (12.50) 29 (8.45) 9 (2.78) 8 (4.17) 22.317 0.000
HADV 1(0.91) 18 (9.38) 24 (7.00) 16 (4.94) 10 (5.21) 10.484 0.033
IVA 2 (1.82) 5 (2.60) 9 (2.62) 13 (4.01) 8 (4.17) 2.307 0.685
n 110 192 343 324 192 - -
Jeetea 101(91.82) 178(92.71) 322(93.88) 309 (95.37) 126 (86.90) 3.349 0.501

3.4. Biistt A KR RFEFIHE SRR RALER

HZ(6~8 H). #F(9~11 H). £F(12~k4E 2 ). HFZF(3~5 H)WE LR IR FH PR 55 95.57%
(259/271). 93.55% (377/403). 92.51% (210/227)F1 92.69% (241/260), 7# R LTS 2Fm X (X2 = 2.576,
P>0.05). %&. HEEHHREEERLAMAERERETE. KE. BERSFEV)HERTERKATRYE, FERITTE
%, HRV FERATTHES, RSV. LHREBRE(IVB)EGFEERIT T4Z, VA BYEFERT KA
Z. BT CAP E R &) LBURME A 288 W% AR Hh 22 1 o0 A 15 0 TE & 2.

Table 2. Comparison of positive rates for common pathogen infections in children hospitalized with CAP in different seasons

(pathogenicity category A) [cases (%)]
% 2. TEIZFETI CAP X B )LE R R AR B RBAM R A LB (BURTE A 28) [11(%)]

Jod SR A HZE Tz Kz HE X2l PA
MP 187 (69.00) 263 (65.26) 112 (49.34) 140 (53.85) 28.662 0.000
HRV 18 (6.64) 63 (15.63) 11 (4.85) 65 (25.00) 56.408 0.000
RSV 22 (8.12) 33(8.19) 40 (17.62) 17 (6.54) 21.153 0.000
PIV3 23 (8.49) 9 (2.23) 3(1.32) 21 (8.08) 25.872 0.000
HMPV 21 (7.75) 20 (4.96) 25 (11.01) 14 (5.38) 9.578 0.023
HADV 10 (3.69) 10 (2.48) 25 (11.01) 18 (6.92) 23.344 0.000
IVB 0(0) 4(0.99) 16 (7.05) 2(0.77) 30.452 0.000
IVA 0(0) 19 (4.71) 14 (6.17) 4 (1.54) 20.795 0.000
EV 15 (5.54) 3(0.74) 1 (0.44) 4 (1.54) 18.949 0.000
n 271 403 227 260 - -
MBHE 259 (95.57) 377 (93.55) 210 (92.51) 241 (92.69) 2.576 0.462
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3.5. MP EFRRIFRE R TV P RRRR RN GRFN

1161 71 5 LR I Y MP R (5185 9 702 (60.479%), 2 T H B3 SR A B b HE 44 46— 195 TR
6~8 % MP JE YL P I 3 5% 51(82.72%) , >9 % IR (75.52%), <1 R GH £ 1% (16.36%), A[FEHE MP &
YLPR I 2 A it 2R X (x2 = 219.779, P = 0.000). PUZEFE . K MP YL R e, XERAK,
BT MP YL R 22 A G2 (2 = 28.662, P = 0.000). T 1 4F MP UL 245 % A 88.03%
(618/702), ANRERBHIN %2 2T G0H¥ B X (P > 0.05). B, X% MP 2% RGE, HENMEE
BAG, PUZE MP i 253 1)>75%. MP i 25 P£48 73 57 PL 23S rRNA JE[X] A2063G 3 (100%). U.#% 1~3.

Table 3. Comparison of resistance rates of MP in different age groups
and seasons [cases (%)]

% 3. MP NI B R 215 P M 20 R B9 LL AR 151 (%)]

=T MP [ 245 %
Hz= 183 (97.86)
€S 221 (84.03)
&S 103 (91.96)
HE 111 (79.29)
X2 A 32.959
P {H 0.000
B MP [ 245 %
<1 % 14 (77.78)
1~<3 % 65 (91.55)
3~<6 % 179 (89.50)
6~<9 ¥ 234 (87.31)
>9 % 126 (86.90)
X2 {8 3.419
P& 0.483

3.6. Biistt B AMRRIEHN H KRB S

1161 1 B LILA I H Bow 1 B 8 I A4 927 tk, DA PR N, 5 EHEA 50.13% (582/1161),
2E AR 5 G 22.57% (262/1161), HAhZE 5 EE A 7.15% (83/1161); i EIE AT B v 5 B A 24 PV R,
T 9% B K R Dy B L P B . WL 4.

3.7. HimtE B XPAEIFERARF RIS HFR

<3 Z(EHILH). 3~<6 . =6 HEEHE LI FE ARG E 508 70.20% (212/302). 59.18%
(203/343). 71 48.26% (249/516), 75 LB Giit 2= L (x* = 38.254, P = 0.000). 2241 ) LG % f s,
SR TTHAK L, SERE WG R AR . 3 4 Hh A LT BRI 1) PH I R 22 R B Gt it (P > 0.05); 2
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N MATTE . R BEERTE P A BRI . EA0 0 2R B4 LR e AR 2 2 v T2 R i I (¢ =

DL 1A
ISRl

14.274. 61.600, #J P = 0.000)RIZ=#1(x2 = 11.339. 120.880, # P =0.000). .7 5.

241 ) LI B W LSRG 0 SR AR R L G AT 1 . LA 55, SRl AT, SRl S A v R LR A SR A

Table 4. Distribution of detected types of pathogenic group B pathogens [cases (%)]
= 4. BmE B HRmIR AN EY AR 57 ([51(%)]

Gk B e 151 (%)
2 A 582 50.13
IR AT T 345 29.72
R LESE AT 57 4.91
it 98 e A 58 5.00
W 2 AT T B T 52 4.48
IS 9% 4% SR A 1 0.09
2R A 69 5.94
AP 262 2257
I ¢ 3R 1 167 14.38
B OHE R 95 8.18
At 83 7.15
E 4 5 76 6.55
EINTI5EEN 7 0.60

Table 5. Detection of pathogenic infections in CAP hospitalized children of different age groups (pathogenicity category B)
[cases (%)]

2 5. TEIE#2E CAP {EFTE ) LIRE A BV H 755 (BB B 28) [15(%)]

I SR A <3 % 3-<6 % >6 % X2l Pa
TR ML AT B 85 (28.15) 114 (33.24) 146 (28.29) 2.891 0.236
SO A R 42 (13.91) 18 (5.25) 35 (6.78) 18.451 0.000
B2 i 67 (22.19) 8 (2.33) 1(0.19) 164.734 0.000
] e AP T T 27 (8.94) 12 (3.50) 30 (5.81) 8.536 0.014
Jiti 98 B BR B 26 (8.61) 72 (20.99) 69 (13.37) 20.766 0.000
WG 27 28 A5 13 B B 21 (6.95) 18 (5.25) 13 (2.52) 9.428 0.009
FAh B by B 16 (5.30) 30 (8.75) 11 (2.13) 19.442 0.000
i 4% . B A B 26 (8.61) 13 (3.79) 19 (3.68) 11.235 0.004
n 302 343 516 - .
RBEME 212 (70.20) 203 (59.18) 249 (48.26) 38.254 0.000
DOI: 10.12677/acm.2025.151214 1601
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4. ¥1ig

CAP A FRLEIC T WIERRZ —, W) LEARAYT PrAE R EZ R BRI
FIT IR G P9 i Ak o FOR B SRR YT, A B T D P M S CAP FIR A JLRHME G4
(Pediatric Infectious Disease Group, GPIP)I\ A T4~ A NPI S 3 s A R &if R “REfis” , X4
FRIR S FE NP9 B A 7= A 58 RS AT [4] . MOR SO 7T 2023 43R [ 3 e 2 BUR 028 5 JLE
CAP YL R AR 4340 AT #a %, 3 B TR AR g 471200, T8 S LU 22 36 P 10 FH 257 KM 25 2%
BN K HEE CAP B AR . ASCEE BT TNGS HA KK M CAP [k )51k . TNGS & — A nill 7
AR, F A PR E A AN o e SRR ) A B s M P R . DR S R R, H TSR R A
FIGRZ W, AT LASR 2 W v i 1 R IR T R [5]. TNGS Kl 45 55 20 A Sum P A 25, 80 tE B 25,
FOtE C 26, BURME C B NWPIGE IEW W, A 5ARCEME . MPIRIE R AR R EoR i A 22 £
T SURAEY, FA H 5(93.63%) % 3% = T 200 P B 205 R4 (57.19%), AN A 4RI 41 % DU 2520 rp sk e
PHE R 2= R H LGRS, F5 6 TNGS Rl A i R A s A

FOwtE A SR IEARET 1 E 2R MP 505 . iR BT LT 2L, MP B DL ) | 3 0
NEW, X5 TSR P RmAT G EARMIX LK, SRR, BFIE6] [7],
AR RSV H BRI 52 8, LR S AT BT 5 2 A M A AN R I TE A SC 45 SR R CAP )L RSV
RPAN FELVBY)LRE, BPEEWENTAZE, SR MGEAMFE[8], /M43 # ik K mAT
J& RSV B[R 2R AT CAP )L RSV BRI HIAT AT R E M . WZEHE . KZE MP B %
B, KRB EAL, TIEA R BU. 41U, SRATHE MP RG24 16.36%
36.98%. 58.31%, HHZKEREE[VMIBN Fa FARML, [FIFER I MP B RHUICEN L, 25 58 il T8t s 758k
JL IR St (1) NP1 345 ) L 28 KB R] b T8 R AR SR b, BEAAR S 00 R I SN 2, JE L2 2020
SR Ja A B LR B A i AR SR S5, IR 2023 4E R R 4E MP R YLIRAT LK R IR AL A 3 B B A
[10]. fE— TR GIFO[11] R L Z 2021 454 5K K ER A B2 il 28 52 )5 44 (Macrolide-Resistant Mycoplasma
pneumoniae, MRMP)/& 4 Lt 51 BE I [A] 23 E A&, PLPERSFEEHLIX MRMP B ge 3 e, 1 B R
1 MRMP 2% b 43 5% 51 101 (79.5%; 95%CI, 74.6%~84.8%), M4L, MRMP J&YLAH 5 15w WA & 23S
rRNA JE [K A2063G (96.8%) . 1% 5 A SCHFF 72 45 FARIT , 7 M HLIX 3T 1 4= MRMP J& 4 2% A 88.03% (618/702),
FERAR R 7 LL 23S rRNA JE K A2063G S (100%)

RWFFOERIBORME A F05 5 e v 2 — R YR (67.30%) 2 2 1o TR & L 56(26.37%),  Jic s LI TR
B YR AR KR AE MP 5 HRV. RSV. HADV. PIV3. K% CAP B LRGN LA — KN T, HEd
3 BE RIAT G IR AR AT 5 5 BN TR () B N (5 Vi B T A DL o YRS TR P 38 2 52 i s R 141 B
F A IAEIRTT BRI 5 ECESE CAP KR JLE T &, AT LIRS B S AU BT RO B e K
1T IETE R A oA o FRIE —TUATHE M 2 HoO i 9T T 2023 4 11~12 H 5 A 4 S A4 vt 8 e v s iR
MRIRGLAE O, K aE BRI 57.9% 8 LK T 2 R0 AR, B LIS MP L [FIARS HH 9 SR A4 AR A fili 56
BEER . HADV. AR HRV. IVB[12]. JRARYRM GA L RAFTIX 5, % EA R X &
PRAE 5.

WO TR RMAT 200, JLE CAP YL I Z1E, DIARBYK R, HFRERREMIK[13]. &
MM, A SCHF ST R R IR e 08 B8 IRAT G BUw M A 0 AR DU R i L PR TR B3 22 7, R BRI B
TR EERIAT HTFTRAT I ZE . 56 S HUB a2 1% 5 ) L3 CAP BRI NSO (0 RIE, XA I % 18
MR NPL 5, AN RIS REMS CAP ARG B, HISS 1B e 8 AT 7 AT 2R
Pho AFHT—H B S, CAP YL 1 ZE 15 12 15 23 (81 VA DUAE: 1 75 4K 2L 5T
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HURTE B 00 R AN EBURE, TS IRIRHIWR WA RS S A B oy 3. 2]
PEB G i L, DLIREEIE A B AR o T 52 8 55 [ 1AW 0 B e o DO P 4 S ot Mk 28 3K B, 5
ASCHRFA BT, 25 8 i il 58 B BR % P e Ph AR B i A O o X R I P R SR A B IR A
Tk I RS S G T A e 1 SR R D AR R o AR R e DB LR S i 2 L, R LA
JEKRE IUFF B8 AN 4 0 C 0 A BR R BR Y, SF S T 2R A DL U ) A T S I B -5 i % R R
S5 A AN B G T LS (4R, CRP. ESR A1 PCT £5 48 i b A5 405K X 2 401 B 1 M ¢ AR5 25 28 i
%o Hort, BKSF PCT 24U 5 MMl 26 1) R i br S, thah, En CUEE R F5 . s 7790 IR 2246 0 - B
HBEAT S [15] 0 ASCARN FIRTF Bl HdE, JE AT N BT R T8

M AR pi &K TNGS BB A M S A, 5 FARAT B A AR b BA B U, nras il B
A YEBURYERRE R, 256 ISR A TR SRR SRR G Ry, maH TIRR ek 5ih
J7o FAE—ERIRMRYE: REGBILRAER,. MiFE% &R R ELS R, B oire A 7Em e
TRARG: KX HAE CAP AT /- AW 7T SR/ 6 o3 B AT I B IR AT S0 [ F P e S5 A

g EANA, BEiEE KT EBMMX JLE CAP BRYLR R DME R ZHZETiE, W JLE CAP
RSV LAY B WA RS . ZE P, MP BT M R B, IR AR IS TR 6L . MRMP 2
P EB M TESR, 88.03%, FEKAZFEILL 23S rRNA K A2063G M1 (100%). HRIEIRIK ERIFH
BRZAWIB AT MRMP LR R, KIEABER 2% K5 MRMP &)L EA — @ 8UR, e
fH MRMP &) LJE& G4 B 1 26 5 25 ot i, I R AT T I B KR P B SR 20t 8 LIEAT VR YT, TR T R 22
i 8 N = AR LT 5 RS N 2 PR AR 25 . MP 5 2 i SR A & I e B O L, o TR A IR e 10 2
38 HRV. RSV, HADV. PIV3, TMijiEEEGN H R, —RA TR EDUREFAMIEST . ME2w
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