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Analysis in incidence, pathogen characteristics and influencing
factors of neonatal ventilator-associated pneumonia

ZHU Min, BAO Daochéng, CAI Zhiyong

( Neonatology Department, YancherigaMaternal and Child Health Hospital of Jiangsu
Province, Yancheng, Jiangsu, 224002 )

Abstract: Objective To analyzé'the incidence, pathogen characteristics and influencing factors
of neonatal ventilator-associated pnetimonia (\WAP). Methods A total of 192 neonates from January
2018 to October 2021 in Yancheng Maternal and Child Health Hospital of Jiangsu Province were select-
ed as study subjects. The clinical data were collected and the incidence of VAP was analyzed. Sputum
pathogen was examined in{childremwith VAP, and the distribution of pathogens was analyzed. Univari-
ate and multivariate Logistic regression analysis were performed on the influencing factors of neonatal
VAP. Results VAP oceurred in 24 of 192 neonates who underwent mechanical ventilation, and the
incidence of VAP was 12.50% . A total of 29 strains were isolated from 24 VAP neonates, of which
Gram-negative and,Gram-positive strains accounted for 72.41% and 27.59% , respectively. In Gram-
negative bacteria ) Klebsiella pneumoniae accounted for the highest proportion (27.59% ). In Gram-
positive bacteria, Staphylococcus aureus accounted for the highest proportion (13.79% ). There were
no significant differences in gender and delivery mode between VAP and non-VAP children (P >
0.05) ./ There were significant differences in gestational age, birth weight, Apgar score at 1min after
birth, albumin level, primary diseases, bedside elevation, re-intubation after weaning failure, sputum
aspiration mode and mechanical ventilation time between VAP and non-VAP children (P <0.05).

Multivariate Logistic regression analysis showed that gestational age, birth weight, Apgar score at 1 minute
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after birth, albumin level, bedside elevation, intubation after weaning failure, sputum aspiration method

and mechanical ventilation time were the influential factors for the occurrence of neonatal VAP (P <

0.05). Conclusion

The incidence of neonatal VAP is high in Yancheng Maternal and Child

Health Hospital of Jiangsu Province from January 2018 to October 2021, and the pathogenic bacteria

are mainly Gram-negative bacteria. The occurrence of neonatal VAP is related to a variety of factors,

and the clinical measures should be taken according to the relevant influencing factors.

Key words: newborns; ventilator-associated pneumonia; pathogenic bacteria; drug resist-

ance; mechanical ventilation; influencing factors

Wt 2 s RS TR AR K B3R T+ B HUAGE <,
IS, AT ARSI 7 2R LI 808 4 £ SRR GG
SRR TV (B WU SR 56 T 5% L HE S I
HUMHSCPERT 28 (VAP) ) % AR 3% 22, F R A4 L
VAP (& R L BAE T3 VAP 24541
I 48 h 5 ZE BB E LG 48 h TR il
TR, 2 P B SR IT S BT R
0 JATTHMERE IR ARG LR T i B &l %t
P LA 2 e U E Y ARk, £
T2 A H 25 5% 10, 25 I PR B YA 7 4 ok
TIRPRER , HOA SR GE VAP KA b E, H
B C A BB 500 T LE L VAP (95 J5 27 W il &
SO R R AT 0 A AH S R E R 25 7, iX AT g
I ARRR SRR A . ADFIELITT IR £
T I AR B I 64 192 {4 THILAH I <A 5T Al
VERWRFEXT 42, 40 He VAP K96 3R i e B 4
TR PR 22, LAY g VI35 i 3t IX 3 2 L VAP 11
Il PRBA TG PR LS A

1 #REFE

1.1 —fH

PEIL 2018 4F 1 H—2021 4F 10 AVT &Lk
T S PR A B R 1) 19208828 ) LAE Ry A 5 %5F
%o MAMRE: O FTHLMEIRITE; @ A
BFEIE 4 N5 @ HAJS 1 min Apgar $F-43 K
1 ~10 533, HEBRAR My © & I A A 2% e
i Q@ AIFEEE AL G2 E; @ Ak
MNP T
1.2 Fi

PRASRAE 55 4 0 AR JC TR R VR SR, R
WP AE 22 S R AR T WP B P AR AR HEA T 40
PR  RAEARA 5 57 Bk 2 B B 30 R, 76 1 -
MBS 5 3 °F ML A A7 B8 R RS 5%, F A0 T~
B2 PRIUAT BER T , M AR AS AT A7 40 TR i
7%, f#i H Phoenix-100 4> [ il d: Y156 R Go XA

T AR AN A A

ORI « WA IR AT A LI IR
BE AR R e gy S AR R TR AR
J&i 1 min Apgar P74 VR FIKF R & PR R
A et R DAL ORI Ol e 7 =CRIL
A A (R]
1.3 VAP #¥iir ks

Z IR GRS T il R A2 Wi FiG 7 P8 B ) h
) VAP 2Wibnift: @O &4 THUMGES 48 h 5%
B RPIRAILSS 48 h P @ Fgi X Lk A R iz
PEBASY ; B WPIRGE 43 30 v A o B 1R s (@ HoAth
JRIESR (2R3 1 30 A FE R RS 38 °C |
HJE I 40 (WBC) $2Z /i BT 25% i el
KRS i sh kA o FE 25 T L L H RS A 7R
RAEFEIR T o RO OQ@ERI T 2 Wi
VAP
1.4 it o0

K F SPSS 20. 0 Ge it 24 A4 43 A Bl , 114K
FERA [ n (%) 18R FOR, 4L LT X K,
THEVERIL (v +5) FR, 4 10] HLEAT ¢ K5, R
HPRERMZ R Logistic [ 15 43 B 4835 H7 4= L
VAP B ZE, P<0.05 &5 A4 511

2 #F X

2.1 # 4L VAP X J@m%

AHHFGE 192 4T HLAGE SRS F A L, 24 1)
%M VAP, VAP B 12.50% , 4 24 %
e VAP B9 A JLAS A VAP 4, 85K & = VAP 1
168 il A4 JLANATC VAP 4,

2.2 #HAILVAPRBRE AL

24 5] VAP A= ) LI W Am A v 3 43 825 1455 T
PP 29 Mk, HEr 5 22 (PR TR 21 BR (5 72.41% ) |
L YRR 8 MR (1 27.59% ) o L IER,
it 5 e T A B o Ly, LS A B RN ZAT B K



59 SR PR R 25 2k 35

Journal of Clinical Medicine in Practice . 87 -

s R AT s L FHMER D, & AR A ER T 5 L
ety , HJE I R BEERTA A P EEER T . WL 1,
F1 %)L VAP FEESHIER

I VT MWHE B /%

% R Jili ¢ v B A 8 27.59
i R AN B AT 1R 5 17.24

Kip¥es 4 13.79

] 3 P P AT 2 6.90

8 B FF A 2 6.90

W B & O AR 4 13.79
JIii 9 B BR 1A 2 6.90

5 Il P R T 2 6.90

&t 29 100. 00

2.3 VAP Zife £ VAP 4015 K F A4k
VAP A5 377 050 VAP A A, 22
FHGEHFE X (P >0.05); VAP 41 2k

PR AR T min Apgar #F5r \HE F KT
RAEPBIR R4 = T D0 ML P-4 A O
W Ty = UG SN IR] 5 T8 VAP T, 22 5%
BhHGIHEEX(P<0.05), WLEk2,
2.4 #A)L VAP X A4 % A4 Logistic B2 547
LUBHE L VAP B4 (7 =0, J2 =1) HHE
i, DR R b 2 R BA g i 8 R R
(Bl AR BT R AR S Imin Apgar W43 [
B RS R kA AL WA R
PR )7 2 HURGE S T)) Sy 18 728 (B 100 I 3R
3), 7 Z M2 Logistic [1IH 5 #7. 43#r 45 5
N M0 A R BT L AR S Tmin Apgar $F-43
S-SV QA7 S Er=N PN X =N €7 )
FOFIHUAMGE I TS R B A2 JL VAP S A 1 52 il
HE(P<0.05), L4,

%2 VAP AME VAP AlGKEFRELE (@ 5[ n(%) ]

3 n VAP 4 (n =24) TeWVAP 4 (n=168) X/t P
P " 110 13(54.17) 97(57.74) 0. 109 0.741
4 82 11(45.83) 71(42.26)
et/ JE 192 30.46 +2.02 32.40 £1.75 4.981 <0.001
MR iy 103 14(58.33) 89(52.98) 0.242 0.623
HE = 89 10(41.67) 79(47.02)
A B o 192 2 073.26%361.05 2 365.83 +330.24 4.013 <0.001
HAEJG 1 min Apgar FE43/4) 192 6197 +1.01 7.73 £1.05 3.332 0.001
BEHE <35 g/L 121 22(91.67) 99(58.93) 8.304 0.004
=35 o/L 71 2( 8.33) 69(41.07)
T M il A 129 21(87.50) 108(64.29) 5.133 0.023
i 51145 9 63 3(12.50) 60(35.71)
RS H 116 7(29.17) 109(64. 88) 11.200 0.001
X 76 17(70.83) 59(35.12)
Fii b2 I A B 11 5(20.83) 6( 3.57) 11.586 0.001
ES 181 19(79.17) 162(96.43)
9% 77 2 WA 81 4(16.67) 77(45.83) 6.178 0.013
Fat: 111 20(83.33) 91(54.17)
HUbGE S L/ d 192 3.96+1.15 2.91+0.88 5.248 <0.001
%3 HTBEREDR TRIT MERE I8 289 A YT 2% FH AAE K A3 B B (]
- oo ABFFOWEE T 192 BT HLAE < B 2 L VAP
A 4k — NN -
Rt Jﬁ*\{ﬁﬁﬁlﬁ/\ Ziﬁi fﬁ/ﬂ.,/nﬁﬁﬂi VAP 7)17’?53}57{1 12.50% ) J;J
i R Pt A a5 4510 X R b X BE B B 2 L VAP K& %
1 min Apgar P£7% 5 (B Ny SN — N S —
R ¥ G S Qi N HEATAETE 5 5 R BN 8. 5% . BRI
R R IFAMEERG =0, P 50 = 1 HuIX BT L VAP B RAEAE 2 5 U T 5
Sl =0, 2 =1 7 O T I > He
LI =0 2o K, 2% BR B [EIF%EUL%&EJL VAP k%rﬁ s
UE e MR =0, JFH =1 ABE VAP A LAY IR o A 1 DL S s, 53
WAL il PRI A 14 3 PR B S B (72, 41% ), 3L
3 W @ YR I (27.59% ) 5 HE22 B PER T i ¢

LR LRI DBE | S B T RE M AN A #2532 B
WO IEIT R B K VAP, SRS KB

SERATE (27.59% ) o5 W fR i, O O 1 [0 3
P (17.24% ) KIBIRA R (13.79% ) o U
2T AT GG RN R, VAP A L IR0 B



. 88 - SLHIGREZ 24 Journal of Clinical Medicine in Practice 526 4
Fx4 FEIL VAP 4K S EE Logistic B34 4R
S B SE Wald y* OR(95% CI) P
i 1.033 0.412 6.286 2.809(1.253 ~6.300) 0.013
A R 1.064 0.396 7.219 2.898(1.334 ~6.298) 0.007
A JE 1min Apgar PE4> 0.981 0.388 6.393 2.667(1.247 ~5.706) 0.012
HEH 1.184 0.511 5.369 3.267(1.200 ~8.896) 0.021
Rkam -0.957 0.403 5.639 0.384(0.174 ~0.846) 0.018
RRALAR P A 0.992 0.385 6.639 2.697(1.268 ~5.735) 0.010
W J5 5 0.973 0.427 5.192 2.646(1.146 ~6.110) 0.023
B8 < s ] 1.106 0.419 6.968 3.022(1.329 ~6.871) 0.009

BRAR B B 22 BIPETE R HERA BT 3 AL BRI
KI5 15 (45.00% ) i 58 52 F A 1 (26. 00% )
B AT (6.00% ) o HE Al UL, A 25 6 5
2 BAVETE Y o5 LA BT AN TR (B 32 2R A4 A il 5
SO AR B B AN BT R R R 3 A T, i PR ]
xof b3 S B 25 D AU B A R a8 T B XS
HEZRIRIT

JAEH A LR AE VAP JE T B2 AHOCIRYT B
FEAR AT LA AT ARAT 0 TR L TIR T
o HE R R AT RERRAET A L VAP KA 5 [H
TR AL VAP RAEREI N R B2, K
WF5E LR S Z 3R Logistic [ 73 M4l R o
Ji e (AR AR T min Apgar W5y A
FKE RSk 36 LR AR A R 7 KA
HUARIE TN 8] 24 3 A2 )L VAP &A= i 5200 PR 3%
(P <0.05) o Xb T A /Nt AR R T i iR A
R LN, H A A A0 AR E A MR
I Z i B ) B A2 2 RE ML G Y3 D e i
55, I SR AR LA 5y 32 B I e 1R ER T K AR
VAP R KPR R A L Rk
A ML IE H AR, PR e T UL L REAN
RELIRE , (R L A N D RE A2 15f1 , 2 i b
TR AR o PR S A B A RS
AL SR AT, IR S TR W XU o A S
G R I RSk A 2 35 R T AT
B B BCANGI RERE L FERTR Y 5K , Bleat i <
TIRE , NTTRRAEE VAP R AR ML -4 4 3
JR 22 AR PR A LA 36 i e B A T e £ L
IS D ) S 2 A, 98 T 4 B 0E AT IR I 3
AR, B D) S BRI , e (4 e T X
ERT VAP KA. RIEMZER LATF
PR AR A — e TR b 1Y i WP W S R e AR
SR P R R AT R8O I T B
IR R T AU R U S AN A

P BB VAP 1% o s ®rge 7 R0, Bl
HGE A ) A R R 3 VAP R A i B 2
LA PO LS A0 E NV AUNAY T ()
BUAIE T AE LI A B4 A 20 9 4 B, ™
A% 38 IR TIC T 450 11 D DOPSEE it AR S 454, B U0 SR T
AL A Ak, v B o AL AT AR 5 e LA L7 LY
THOL, FRSCHET A LE SR AR DL, X1 2 L
ZA 80U H L.

zi P TR, 2018 4 1 H—2021 4 10 A LIk
BRI Z RAE BT R A= L VAP S R 8w, He
9 A O 2 IR R . BT AR L VAP KRS
AR ZRAT K, i R BB A AT AR I A2 (25
TR IR A5 R K 6 15 DR 3R St B X0 1k~ T it
VAREARGE A L VAP A= UK, e A= LU .

S & 30k

[1] LOWERY A'S, GELBARD A, WOOTTEN C. The incidence
of laryngotracheal Stenosis in neonates with a history of venti-
lator-associated pneumonia [ J]. Laryngoscope, 2020, 130
(9): 2252 -2255.

[2]  MREKE, ZE3CE. LR ICU N30 ATLARE SNl 56 4 52 k) 1A 22
3MrLI]. I PRAR ek, 2018, 23(2) : 330 -333.

(3] BT, Bl P ULRRAS 2R 5 I R 0 I e 3143 76 0
WAHLAR S PE Rl R 2R T R [T]. A R 2R Ak,
2018, 57(5) : 368 -369.

(4] TR, AR, R, B LTI G 58 95 J5i 27 K
ARBUSEEER S T]. E S HILR R, 2020,
35(11) . 877 -880.

[5] HiaiR. JLEMFRHLAHCHERIE (1], S2HLRHIG K 2%
A, 2011, 26(22): 1696 - 1698.

(6] JAHIY, BRA, 2, % 2016—2018 iR 4 A =
B Az JLIE I ATLAR DGR it 98 s 3 SAR DGR 26 40 Br [0 ]
FRAE T BT B 2F 2 R, 2020, 54(8) ; 822 —827.

(7] Z=UH, XUmam, SRR, 55 Btk JLEIE Wb B el
BUAH DG 98 90 J5E B 43 A R 25 R4 T (0] R e 5
R, 2018, 15(7) : 962 —964.

(8]  #HWEAS, M4k, HiA: JLIF WAL AH GV I 46 f b PR R I 5T
LT, AEFAILRZEE, 2015, 30(1) : 69 -71.

(9] kg, T, B BRI A HLAOE X



59 SR PR R 25 2k 35

Journal of Clinical Medicine in Practice

- 89 .

BT LIRS 2 i PRASCR [T ] S PR = 24
Z&ids, 2019, 23(17) ;. 72 =74, 78.

[10] &, &4, M, 5. PRGSO S 703 A LYk
Wi TR RN ELL D] DL B B2, 2020, 35 (3)
405 -408, 412.

[11] VIJAY G, MANDAL A, SANKAR J, et al. Ventilator associ-
ated pneumonia in pediatric intensive care unit: incidence,
risk factors and etiological agents [ J]. Indian J Pediatr,
2018, 85(10) : 861 —866.

[12] MW, FEEE. AIE R Ty =00 0P W LA C il 5 5%
Wi meta s34 [J]. FPARBEBEEL AR, 2018, 28(5) -
690 - 694.

[13]  Exill, AR, 24068, % 2UEAE IS X RER LA G
P 5 K B PA 5E E R A i PR A e [T ] fg R A AR

[14]

[15]

[16]

[17]

2018, 38(4): 416 -418, 422.

JalME, W BOB, A, 5. JLEEREN B IR ATLAR S
RIGRSERERHLT]. KERILFAE, 2018, 36(5) :
352 -355.

VPRLEL, XUH A, EFRG % IRIRATUAR S 4 LI
PR RSHLT]. hEER R, 2019, 29
(4): 621 -624.

ZEN. B A LR W 2R A LI ATLAR A 4 Y R A
WAL, IRRMERN 2, 2018, 23(4) « 736 -738.
RIpial, B, L, S WA JLREIRHLAR G4k Il 4 4 2k
PR BSEmR R Z 4[], E L e, 2019, 34(15) -
3487 -3489.

(AL Y8t & HH)

(EEHT5|)

A G5 RS B e R T S R T
BTN 2 P TCI IR R B KA, 5 Lk
P — B0 -8 AR A Z B R AN 2 5 s R
F AT XU, ST i 1 8 PR AR e 1
Ao MEXIAE S T E 2R AR RAEME T
A 5 AR A3 A ABE 0K 2 — AP R AR

L LTIk B X O SEE AR BR 1B LR R BR
AR BIAE AR S B9 LR B 1] LR M B K, R
RO 22 B DR 22 A AT 28, T AR DR B R R
KR,

% 3k

[1]  WEBER D J, SICKBERT-BENNETT E E, GOUED_CWV. et al.
Incidence of catheter-associated and non-catheter-associated
urinary tract infections in a healthcare system[ J ] %Infect Con-
trol Hosp Epidemiol, 2011, 32(8) 822°=823.

[2] LOE, NICOLLE L E, COFFIN:S E, et al. Strategies to pre-
vent catheter-associated urinary tract infections in acute care
hospitals; 2014 update [ J ] \Infect, Control Hosp Epidemiol ,
2014, 35(5) : 464 -479.

[3]  BiHada, 2%, S2i. @78 SRS H RIEERGL AR G 3%
SMTLI]. AR B e aR AR, 2015, 25(1): 122 -
124.

[4] R, EAE, XIBE, A5 s A AR T AR 4 B
EL R SR [Tl h A AR B %5k, 2019, 25(6) .
661 - 668.

[5] GRIFRITHS R, FERNANDEZ R. Policies for the removal of
short-tetm_indwelling urethral catheters[ J]. Cochrane Data-
base Syst Rev, 2005(1) . CD004011.

(6] BZEE, Tulidn, #hRse, % RN ST I DR
ARAREFIRETEVIR L], ek, 2020, 35
(12): 31 -33.

(7] vl SHaR, MR, 9. ME-REICE PRI A B E S
PRATEAMN A T B e R [T]. EBR-E RIS A0, 2018,

(9]

[10]

(]

[12]

[13]

[14]

[15]

[16]

[17]

39(2) . 118 —121.

B, ST, BT, 45 BT B SRR
RE 7 RE R H ARG HERBUIR A BT [ 1], P
2 ,42020, 35(7) : 851 - 854.

TR, Wi, B, S5 R BT AR MO M R R
SEORE R RTIEVEBNBATTE LT ] o MO M AR I PR 2%
w:,72016, 23(4) : 323 -327.

R 2 2 A B o S I R 2 AN RL ML BT
A e AL R K IR LT ] AR R R,
2019, 54(2): 73 -79.

TN, BhSETE, LEERE, & ESMEEERTAREEA
HESRMPETEL]. ik, 2010, 25(23)
2156 -2157.

JE¥, 20U, RASH. RBIAR M B SIREE SR I AR
JRPB T[] QS 2as Tk, 2015, 3
(4):76 -178.

RO, 2P ARATA B S IR 8 A28 M e T AR
RS A LT ] NS ThEZY, 2017, 36(S2) ; 208 -
209.

TEELUCKDHARRY B, GILMOUR D, FLOWERDEW G. U-
rinary tract injury at benign gynecologic surgery and the role of
cystoscopy ; a systematic review and meta-analysis[ J]. Obstet
Gynecol, 2015, 126(6) : 1161 —1169.

BLACKWELL R H, KIRSHENBAUM E J, SHAH A S, et al.
Complications of recognized and unrecognized iatrogenic ure-
teral injury at time of hysterectomy: a population based analy-
sis[J]. J Urol, 2018, 199(6) : 1540 — 1545.

DEFFIEUX X, BALLESTER M, COLLINET P, et al. Risks
associated with laparoscopic entry: guidelines for clinical
practice from the French College of Gynaecologists and Obste-
tricians[ J]. Eur J Obstet Gynecol Reprod Biol, 2011, 158
(2): 159 - 166.

NEVINS E J, NEVINS E G, MOORI P L, et al. Urethral
catheterization is not necessary during nononcological laparo-
scopic pelvic surgery[ J]. J Patient Saf, 2019, 15(4) ; €21 -
e23.

(AHh#: BIRT)





