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Experimental study on colonization of humidifier reservoir bacteria in ventilator circuit during mechanical ventilation Pang Xiazhen ,
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Abstract: Objective To study whether humidifier reservoir bacteria would colonize other parts of the breathing circuit with the help of airflow
during mechanical ventilation. Methods Totally . 30 ICU patients on invasive mechanical ventilation therapy were selected. Samples were col-
lected from the patients’ humidifier reservoir water, and reservoir outlet and sent for bacterial culture. Then 30 experimental models were es-
tablished to simulate mechanical ventilation in wvitro, with Pseudomonas aeruginosa being inoculated into humidifier reservoir water of 15
models, and Acinetobacter baumannii into the rest of the models. Then broth was added into each reservoir to boost bacterial reproduction. At
24 h, 72 h, and 168 h after inoculating the bacteria, samples were taken from the humidifier reservoir water and from different sites of the cir-
cuit and sent for bacterial culture. Results Among the 30 clinical samples, the culture positivity rate of bacteria was 46. 7% in the humidifier
reservoir water, and 16. 7% at the reservoir outlet. Among the 30 in witro experimental models, the bacteria in the humidifier reservoirs grew
in large amount, and the culture positivity rate of bacteria at 24 h, 72 h, and 168 h after inoculation was not statistically significant (P>
0.05). The culture positivity rate of bacteria at the reservoir outlet was 36. 7% at 24 h after inoculation, 63. 3% at 72 h, and 76. 7% at 168 h,
with significant difference (P<C0.05). However, bacterial culture at the Y-shaped circuit and at 10 cm from the reservoir outlet 168 h after
inoculation was negative. At 72 h. 168 h after inoculation, bacterial concentration at the reservoir outlet in the Pseudomonas aeruginosa group
was significantly higher than in the Acinetobacter baumannii group (P<C0. 05 for both). Conclusion During mechanical ventilation, there will
be bacterial colonization in the humidifier reservoir water. If bacteria grow in large amount in the humidifier reservoir, they can colonize the
outlet of the reservoir with the help of airflow, and the amount of bacteria colonizing the outlet of the reservoir varies by types of bacteria.
condensate; circuit; bacterial colonization; experimental study

Key words: mechanical ventilation; humidifier reservoir;

A BIHLGE SR YT R e N TRIE, N TRE
A AE AR 2R T b P R S %o WA i L R Ak
FERT. 2012 4 SE R I i 427 s sl il g — Bl 3 2 A
BIHLAEE R 8RR . i SO 5 i Ak
TEWF W B 25 PR AR K . R AR AR BT A
SR NZ B A TR R IR R A 40 T RS AT 8 A
TEVR BEK T, T 40 T AT BE S BE K U A A HE 5 1R 1
WS g TS 4 RZESE 7 K AW Ak 5 i) 20 7 BH 1
B B L s K VR I 2
2. RIL K2
WEZE A AR B AR BHP £ K panxz@hku-szh. org

BHRFIE .7 AR B AR R R DR 5T 3 4 10 H (A2020520)
W 2022 =02 - 11388 . 2022 - 04 - 20

1. AICU 3. BeJ&BH & W, 5180000 5

Fh 31 1% ~37. 1%, Ml = AN FF 5 5 28. 76 %0, Hil
SRR AR (5 20. 35 %0, 5 B E T R IR IE 43 16 W 1) 4
W R — 8 54, 32% . B AT, I PR 138 38 A Y
IR 22 1) — YR M AL A I AR BE R R A %

BRI 7= A H T 58 Akt fe . HLAS BB 4R KA L TG
PR K L DR E A T A % B IR L AP A
mﬁﬁ%%%ﬂ%m%%ﬁﬁztﬁ%Eﬁﬂh%%ﬂ@?@?ﬁ
KRBT e & I i 2R AL . TRk L AR Z k5% & Bl 1k
HEAN T8 IR S BB R A T B ST A
Sk P W AE [ VA BB K R Ak TR Ak R R R 4 R S AR
— B, LR 2% B M B N B S S S AR TR O . IR AR
PR 25 40 T A AN BT S B 40 TR R 7 2 B A T T AL
SRS I R A B AL B AT C A A A5, %



o« 54

B AHIFFE ST 30 AN AR S HULBIL AR GE A1 S5 50 AR A
TR HUAR I Aok AR o I R A0 TR A 2 B 2 IR IR BL
U AE B I 0 A B Al A L O AR UE N TRE R A
PEAMKRGE . MEWTF.

1 B{HEFRE

L1 — ot
L1 ImRBER w8 &F B RFRIINERE LSS

ICU, FEI% 45 % 4 %% &5 IR vi (Fisher & PaykeD) — K 1
XU P 22 45 %, 15 RT308, & Mk L B4 7 K
Mo kG HGE L R . IR AR SR R R
B TR = DL K B E A PR L A — B
AICU A G AL AK 8 <R 2 BEHLICRE , 2L R 46 30 fi &
FHIREAR R AN SR, B 21 B, 4 o ) AR 35~81
(61.53£6.97)% , WU A5 B A FH A (8] 24 13~ 160
(70. 2511, 37) by Fovfo it 1 6 51 o f ki #6343 R J5 5
B0 HE KA AR S 3 B AR IS 1 6L AL E RS
1] YRR 5 5 B, 0 F7 320 2 ], PRI R 7 5]
PREE IR T 23 ] 5 BB A VPR Gl e 16 B,
1.1.2 RSMEEGERAT SR AR A% (Drager) PE I AL
2 & . 85554 Savina il Evita XL, #HIRLE 5
850 M A% . TEIEA CRE A X MmBEE 1 4=,
Hiks WTFK-3701) . 2% 5 R o — UCVE P WAL A %, 7Y
5 RT308, il JRA% M A AN . K 5 K O R
WA A B 7 A4 7= A% 500 mL) .,

1.2 Hik

1.2.1 FEGICRFE T B2 B B+ X ICU
IESEAT A BIHLGE SR 97 HAE A e 28 /9 30 1 i &
BUR AL HE 7K 10 mL , JC R AR 47 T AL B 101 SR AR %
B SR,

1.2.2 SERUrvk OFHUNLAGE BRI F ., 7F
TR 22~24°C YR 40 % ~50 Y0 By 7 B[] FEA 7 5256
PAEH F DS GER IO — PRI AL A 6 L 45 B 1)
Y AR T A S A A B A L AR LA T IR AL
WE R 38°C ., HEACEERIR .
A I 5 AL I 1) 7K ST A7 AL PR SE PR AR 0 . 3 42
K S K E RO, TR RS . &
IFIE LA S SIMV , % B S 508 < i 500 mlL, I A0 %
12 W/ min, AR E 40%, AR T 32 FF 12 emH, O, F
PR AL P T S5 it 422 40 7 3 D 2 PR P PP IROMIL . S 0 e g
7. 30 AR AME AL AE S A A1 L 78 Fh B AR B R A
B P ML F R MRS A i 1) 359 Ak 5 252 30 <0k
. WERMFIEALAE B 7 d(168 h) T4, Pt , S 56 v s
R 8 S 1]y 168 h, QR4 . AR IR MUk
WIRHE S A BE ICU M 1 W GE 43 W0 ) 240 14
R gw s 0L ELZS 5 #6 IR 55 v A A7 1) B 52 AN Sl FF 1 A 4
S A1 PP B PR AN TR L BE 15 SBR[ —
FRANEA . AN SE06 A o 4y M BiF 5% 40 B AE SR A K oK
B I BB A2 B 2 A A 0 R 5% 41 T A S B
o RALER o TR IR B OE R FUAS gk 22

Journal of Nursing Science Jul. 2022 Vol.37 No. 14

B ) YA R 1 T A 7K P T A RE P AR A v A K A Y
ik O 152 9 TR 7 (FR BE i 2B P BB D) 100 mL, SR J5 H 5
mlL VA ] A0 E N B R A K i AR BE SR 1500/
L B 00 2 R ST TR SR SR A A 2 mL, AR 2 TR
JE AR EERFEEE R . ORFE . 20 T FhAE 4 7 5 5
24.72.168 /INET, 7E 1AL OE 3 E1 CRI P 0 457 % 5 30 £k B
FFEHE AL (I LA B Y T AR Ak, il e B G
R R AR IE [ B B8 O AL BE 9 24k K 10 mL 3%
MEREFE, TEFVREANTE S5 168 h FH JC T 5Y JJ 59 K7 IRE
LA B S8 BRI AL 11 10 em A0 B AR TR
FEIFR AR R AR . A I R EREM He BT R AL 2
1.2.3 Sil2erik R SPSS25. 0 B 17 X*
Al Friedman & 5677 3% . Kz 88 7K ME «=0. 05,
2 #£R
2.1 IWIRFEARPIAIR RS R MR R B Je e 45 1
FILFE VLR B A T 55 IR 45 R 0~5 cfu/mL & M B,
KF 5 cfu/mL E NBHEE™ . 30 611 KUK < H
T AR E PR Ak 7K 1% 0 BT 15 7% BH 1 383k 46. 7% (14 6D
TR AL HE 11 1 AU BR 8 3R BHPE 3 16,7 %0 (5 D)
2.2 {RAMSEEG BRI [A] B (R AN [6] SR RE AL B Y 40 TR
WRai R Wk 1.

R RSN IR A R B[] AN R SR AR 7 Y

AN B IR R i 5 (%)
R FEA k7K AL HE 1 P
i i) % BH H O BH
24h 30 27(90.0) 11(36.7) 18.373 <<0.001
72h 30 28(93.3) 19(63.3) 7.954  0.005
168h 30 28(93.3) 23(76.7) 2.092  0.148
x? 0.273 10. 284
P 0. 862 0.006

TE Y BRI 45 2R A O A

2.3 PR T AN R e ) A E 1T 20 VR R LA
W 2,
R 2 FES A R I (R A T D TR A0 T R LA
cfu/mL,M(P,,,P;;)

WA REAR fif) 2 A3 LIS 2 P
AFIA K FF 41 oAz

24h 15 0€0,16.0) 2.000,44. 0) 1.275  0.271
72h 15 4.000,49. 3) 55.000,197. 0) 7.929  0.014
168h 15  18.5(0.105.0) 110.0(4.5,321.5)  9.027  0.009
X 1. 860 7.020

P 0.170 0.003

3 iTFig

3.1 I ERIB AL A SR RE A0 T 15 % PHAE A9 R a0 A AR
W52 38 3k Bl AL R AE AL ARG IR 7 RCE IR L RE , 25
RN AR 7 RE A I BT B K
YA BH R I8 46, 7 %0, MR AR IE B 1 B Al B 8 5 FH P
A 16.7%, X—45 R ENFREAR—, WiE
A REERTST & B T A BE P Ak K IR I B S
VA K BRI B R A AE TR IR IR HR A i 0 sl 1 /S
PR TR T I GE 20 TR RS AT R TE A B R BE K



PR IRE 2022 4 7 A 37 B 14 3

1 TR T B 4 45 K AR I A N Ak B T 5 | AR N AR R TS gL X
VAl T PN I Tl K E R B R VR . KRR T S K AE
FRRAK A E A ik TEHLT R LA IE R pH (H .
WL I ANIE A R A H AR I DR S5 PR A 5T L 1
TR T Ah 38 & A B e 0 SR B I TE G
I E R AL RE 40°C A2 A7 BRAR Y IR R IR BT L 3wt 2 41t
T A B E A S PN A Y SR
3.2 STOGRTRN A Ak M T 0 B 8 I PE M oA L
b AS7 B 8% F5 BAE A9 SRR 23T Wenzel 25506 [l i &
TR AGHE 0 AS 6] 3 2 0 S (2~ 46 L/min) i
AT WU S 78R AL BE M 11 95 107 P 3k 0 2% R AT W) 47 &
W gk L 5 51 e B DB s b O A WA B[R] AL 2K HE B 4
WA R BEAATE TR R, ARSI g A, R 7E K
RGO T L T DL R R AL E Y B Ak oK, B A
RALHEG 1 O, 72 168 h By Ak F b, Bk B
Z 00 20 A BE B IR TR AL HE O H — e Bk R
FBHE 10 cm &b, BT JCIE Bk B F om0 Y AU AL,

WA K ZEIR B E AR K 0. 0001 pem, T 41 Y 142
0. 2~10 pm, WL, FiE K&K J0 40
[ (S e AR I P B | B/ = W Bt i X U4
W E? RATAPME A GBS —EWNEsh ),
HAEARB P AAE KR ST oT LT iz g,
ARHE B IR K R T 2 6 em, HLAGE < B P
AL G RE s HE K R . AE— 8 R B[] P, 4l B 5T 4 T
DL R AL BE 1K L iz sh B A B B 1T, i e A
HR T DL b A B DR N BT 22 B AR A TR AR R
K, PR R T A Y A2 By, ik T RE A R A T
TEHE— A S Rk Eme R E, 5
A [ S0 B A 2 2 0 58 I\ S 0 A TR TS G 1 Ak HE N
43 A 7K AT fig £ T8 AR K - (0 40 B O e AR
FE &5 S A N HEBR 3 BT BB M 1 A7 AE L R AOK P 19
V5 I 485 ot 20 TR B SR AR HE T (R JE kB GA B O 1 BE
B XA AT LA R AR AT A A R
3.3 SCURAAY AR AL FE O Rh 40 B e R A A 22
SR RE AT ARBFIESS R B B RE O 40
5t it A AR T S K B T Y 22, A kA BRI TR 4
72 h.168 h B} W & T2 AHFFHA (B P <
0.05), /M)A EZEMARME A SR A
K, AR A A A — A R, W RN A A
iz 32 B A B T B AR TE W AR rh e i 2l sl 7 P 1R
T WA, S R E. R A
WEEWNIE R LTS 2 8, XFE A 5
JEH 4 BT B (TAP) AR IR sh gt . L. Bl 8 R
SIFF B AR B 1) Bl 7 320 378 AN TR 2 R L T A L 3 R i R
TR ] AE A LT 2 A AT R 2 (L R AL Y
W Z w2 AN AL,
4 NG5

TE I RMUAE SCIR 97 2 A b i i 44 S 22 19 0F
W MLAS % TG 1k 50 4 sk O % Bk /K 0 7= A, B R AL E b

e 55

T B A7 7 B 1) 2D 1 v BE VK AR W RE 2 R I A

TR BE . A R 1Y) 2 0 SR S R 75 23 BE AR P IR IL 3%

] J8 35 I A% B2 I K B2 45 N R HRLO 1 ), AR5

IR A 358 A B P 4 K et A, By ) AR B 1% A T TS

PE B AL R 11 10 em DIAMAS IS B, R —

YR TN AR 22 (1% I W2 487 i I f 280 ¥4 4 K 1 B K A6, 4

SRS AL REEF A TGS 2% S K 87 0 L

B AL 2 oeE S8 0 R SRR T B I T A R

B PRRL KR 5 AN TR R R DTG T BE g5 N D 4

fil 2 My S B RS . R 25 B AR SR Y B R 45 2R

PR R BN BT 2R A W E 4 I b b =

Y BEIK L RN D i Ve B K B 22 0 A T 3 1Y A R e

L AN S B A0 7 7 B Al 57 8 AT, T A TRE 1 2

Tt o A AR A B S BT 1 AR S 36 B 5 i G 1 1

TN BT 38 o — DR E

5% 30k

[1] Restrepo R D, Walsh B K, American Association for Re-
spiratory Care. Humidification during invasive and noninva-
sive mechanical ventilation[ J]. Respir Care, 2012, 57 (5):
782-788.

(2] ‘RBI4E, M de, x4, 55, IR0 HILAS I N 40 T V5 e 5 07
W HLAR G P il 2% B9 AR S MR FE [T ). w48 I o Jak e 2 %
#,2017,27(10) : 2233-2236.

(3] R, 2, PR B, 55, — k% b =80 $hong g
ML AL T8 2R 40 00 40 MR 10 A 58 L0 . o ) 5 T 4 0 2
#,2012,28(7) :1-3.

[4] Wellbeloved M A. Humidification and the HME filter[ ] .
South Afr J Anaesth Analg,2020,26(6):S161-163.

[5] Lellouche F, Qader S, Taillé S, et al. Influence of ambient
temperature and minute ventilation on passive and active
heat and moisture exchangers[ J]. Respir Care,2014,59(5) :
637-643.

(61 M0, V. B QUL E <R I L Ak R 46 35 3%
MBS )], P B 2 ik, 2017,32(13) : 87-89.

(7] A6, M B, 8 B, S 95 b SR IR L AR 5 1B R
GEAN B IR AT ). B A AR5, 2015,30(15) :92-94.

[8] Wenzel M, Klauke M, Gessenhardt F, et al. Sterile wa-
ter 1S unnecessary in a continuous positive airway pres-
sure convection-type humidifier in the treatment of ob-
structive sleep apnea syndrome[ J]. Chest,2005,128(4)
2138-2140.

[9] Schulze A. Respiratory gas conditioning and humidifica-
tion[ J]. Clin Perinatol,2007,34(1) :19-33.

[10] Goularte T A, Manning M, CravenD E, et al. Bacterial
colonization in humidifying cascade reservoirs after 24
and 48 hours of continuous mechanical ventilation[]].
Infect Control,1987,8(5) :200-203.

C11] M. 452, B I, 5. i 25 15 0 i 1A 289 17 52 30 50 40 i
SYBTIT I S KR LT A AR AR R, 2017, 33
(9):1611-1624.

[12] Wilharm G, Piesker J, Laue M., et al. DNA uptake by
the nosocomial pathogen Acinetobacter baumannii occurs
during movement along wet surfaces[J]. ] Bacteriol,
2013,195(18) :4146-4153.

(R4 BB



