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[ABSTRACT] Objective To evaluate the effectiveness of filter membranes made from different materials
in monitoring the health status of rodents in barrier environment facilities by investigating their microbial
capture performance. Methods Pasteurella pneumotropica (Pp) and Staphylococcus aureus (Sa) were
used as representative strains to simulate the process of microbial capture by filter membranes under
laboratory conditions. The microbial capture effectiveness of five self-selected filter membranes (M1, M2,
M3, M4, and M5) with adsorption and breathability properties and a commercial filter membrane (T1) were
comprehensively evaluated based on captured dust mass, minimum detection limit, and differences in Ct
values obtained through fluorescence quantitative PCR detection. The best-performing self-selected filter
membrane was placed in the ventilation ducts of cage racks within the barrier facility, with sentinel mice in
corresponding cage racks as the control group. Staphylococcus epidermidis and Escherichia coli were
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used as indicator bacteria to calculate the positive detection rate and coincidence rate, thereby exploring
the feasibility of using microbial capture filter membranes to monitor the health status of experimental
animals in barrier facilities. Results In terms of the captured dust mass, the self-selected filter membrane
M3 (non-woven filter membrane with a diameter of 0.1 wm); showed a capture effectiveness second only to
T1, with a capture mass of 0.126 g. For Sa, all filter membranes except M4 had a minimum detection limit of
10? CFU/g. For Pp, the minimum detection limit for all filter membranes was 10*> CFU/g. However, the Ct
value of the quantitative fluorescence PCR amplification results for M3 was significantly lower than that of
other materials, indicating that M3 had the best capture performance among the five self-selected
materials. In the filter detection verification experiment, the positive detection rate of Staphylococcus
epidermidis in sentinel mouse feces and M3 was 50.00% (6/12) and 58.33% (7/12), respectively, with a
coincidence rate of 92%. The positive detection rate of Escherichia coli in both sentinel mouse feces and
M3 was 50.00% (6/12), with a coincidence rate of 100%. Conclusion Among the 5 self-selected filter
membranes, M3 exhibits the best capturing performance. Within the barrier environment facilities, M3
outperforms sentinel mice in monitoring Staphylococcus epidermidis. Therefore, non-woven filter
membrane with a diameter of 0.1 wm; can be used as the material for microbial capture filter membranes,
providing valuable insights for the selection and application of microbial capture filter membranes used in
PCR monitoring of cage exhaust air dust.
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Table 1 Information of microbial capture filter membranes made from different materials

bl MR IR /um A% I'®

Group Material Filter diameter/pm Specification Manufacturer
M1 LT B 0.1 H13 8% BERBARRHERAE
M2 PPK3 & 1570 0.1 90 g/m? EBCHEANEBERAR
M3 PEuLic 0.1 80 g/m? REMERKEALHHBERAF
M4 RRAEMALIER 0.3 PP-T 0.22 um WZRFT L ET B MR D BERAE
M5 fRAE o 0.2 7.5cmx7.5cm BNHHREEEMHERRIERT
T RE0 ARF0 ARF0 =EeaHh

E: REPEMI~-MABBEMR, MOATHREFAME, TTAWENER.

Note: M1to M4 are optional materials, M5 is a commonly used material in the laboratory, and T1is a purchased product.
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E: CtHEWERE, CFUNETERRLEN.

Note:Ct, cycle threshold; CFU, colony forming unit.

Bl 2EGHEEKE(A)MEMREHETE(B)SREADENHERREER

Figure 1 Mixing effect of exhaust air dust (EAD) simulated samples contaminated by Staphylococcus aureus (Sa) (A)
and Pasteurella pneumotropica (Pp) (B)

M4 HRHEEREE ol

E: B ML M20 M3. MAFIMS ARIRSERERME, TIAMZAMm. MNMREREKE, M3, MoMTIREMEBAERE, MM
M2, MAXREMEHSENRD,; FREMREMERSRFENREENERIZHRRIMA<MI<M2<M5<M3<T1,

Note: In the figure, M1, M2, M3, M4, and M5 were the materials selected for the experiment, and T1 was the purchased finished product.
Based on visual observation, surfaces of M3, M5, and T1 had a large amount of dust attached, while surfaces of M1, M2, and M4 had relatively
less dust attached. The mass differences of each filter membrane material, ranked from lowest to highest, were M4<M1<M2<M5<M3<T1.
El2 FRMRIEERNEHEESRE

Figure 2 Dust capture effectiveness of filter membranes made from different materials

R2 FEAMRIRENHSEIEIEIFN
Table 2 Evaluation of dust capturing effectiveness of filter membranes made from different materials

ZIPRES MERA/INMem IR R R/ WEBRERERS/g REZ/g

Material Size/cm m,/g m,/g m(m, - m,)/g
M1 5x3 0.196+0.003 0.266+0.000 0.070+0.049
M2 5x3 0.070+0.000 0.164+0.000 0.094+0.067
M3 5x3 0.390+0.000 0.516+0.000 0.126+0.089"
M4 5x3 0.202+0.000 0.221+0.000 0.019+0.013
M5 5x3 0.203+0.000 0.286+0.000 0.084+0.059
T 5x3 0.617+0.000 0.760+0.000 0.143+0.101"

*: 5M548EL,"P<0.05,
Note: Compared to the M5, ~P<0.05.
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Table 3 Detection sensitivity and coefficient of variation (CV) for Staphylococcus aureus (Sa) and Pasteurella
pneumotropica (Pp) using filter membranes made from different materials

W SECHIRE & B 2 Hr B 4T
IS N .
Material WERE/(CFUg") Staphylococcus aureus (Sa) Pasteurella pneumotropica (Pp)
concentration/(CFU-g") BIRBAE (vs) TREE/% EIRFEE (ves) TERE/%
Bacteri g
actena Ct (xt5) CV/% Ct(rts) CV/%
M1 108 24.03+0.13 0.005 23.59+0.42 0.018
10° 26.1320.23 0.009 25.88+0.23 0.009
104 29.51+0.43 0.015 28.82+0.60 0.021
10° 33.72+0.18 0.005 33.84+0.39 0.012
10? 36.52+0.27 0.007 36.15+0.28 0.008
M2 108 23.42+1.06 0.045 19.50+0.17 0.009
10° 26.50+0.47 0.018 22.15+0.22 0.010
10* 28.22+0.13 0.005 25.67+0.33 0.013
10° 32.30+0.28 0.009 30.33+0.34 0.011
10? 35.28+0.42 0.012 35.97+0.25 0.007
M3 108 24.74+0.17 0.007 19.78+0.43 0.022
10° 26.08+0.00 0.000 21.46+0.10 0.005
10* 29.60+0.23 0.008 25.25+0.28 0.011
10° 35.01+£0.03 0.001 27.39+0.19 0.007
10? 35.14:0.28" 0.008 32.91:0.80" 0.024
M4 108 28.40+0.05 0.002 24.96+0.43 0.017
10° 29.59+0.02 0.001 28.39+0.34 0.012
10* 35.70+0.62 0.017 30.83+0.51 0.017
10° 36.24+0.21 0.006 33.64+0.45 0.013
10? / / 36.56+0.00 0.012
M5 108 23.31£0.41 0.018 18.04+0.70 0.039
10° 25.96+0.16 0.006 21.76+0.49 0.023
10* 28.85+0.25 0.009 25.08+0.23 0.009
10° 33.23+0.36 0.011 28.11+0.46 0.016
102 35.56+0.45 0.013 32.94+0.40 0.012
T1 108 22.92+0.31 0.014 16.88+0.43 0.025
10° 25.36+0.23 0.009 21.62+0.34 0.016
10* 28.93+0.13 0.004 23.68+0.44 0.019
10° 31.98+0.37 0.012 27.46+0.75 0.027
10? 33.14:0.00 0.024 32.10£0.28" 0.009

E: 5M5AEL, M3, THEHRH LN RIS ELR, P<0.05.
Note: Compared to M5, M3 and T1 have significantly increased dust capture efficiency, "P<0.05.

F4 IBEE M3 R NIEIE SR

Table 4 Detection validation results for filter membrane M3

BEREENR
RNIRE M3 g pR Sentinel mouse faeces BEE/%
Testing item M3 filter PR FA 1 iC& Coincidence rate/%
Positive Negative Summary

RREEHKE PR 6 1 7 92
Staphylococcus epidermidis UEREs 0 5 5
L 6 6 12

KIFRER PHE 6 0 6 100

Escherichia coli R4 0 6

L2 6 6 12




Aug. 2024, 44(4)

I SELIRES Laboratory Animal and Comparative Medicine 443

MR, FECTI M BURBEHE ARG R IESE S
(2) PRI A AN B A A BRIE R FAR B A
e [E R br i EREY SPF ¢ sLaesh il i e . £ 25
Pl /2 7R S B0 12 it T [ A v SRR B SPF U SR
fit, NOREARBEHSERR s, Tk AR
NG s vl = PR | A NS R Y S S 23 i U < VA
AL, P,

[E % {6 I 7 BE Medical Ethics Statement]

AR ROMB LI EBT IHEELREMR
REROBRABDLRNMERSERZER R (IACUC) HZHM
HE(HLEX S :GPTAPO03) . PRE LI TEYERPELIE)
WX EZEEME O ERIEIT,

All animal experiments involved in this study have been
reviewed and approved by the Institutional Animal Care
and Use Committee (IACVC) of GemPharmatech Co., Ltd.
(Approval Letter No. GPTAP003). All experimental
procedures were performed following the requirements of
laws and regulations in China related to laboratory animals.

[¥E#& =ik Author Contribution]

LEEARRBRIT, LHRI
1R (ELFERS;

HEERERNEEPCRAEZENINEE LI,

LRRAFTRFRE, WORMEFD TFHEsETT

REMREAZTARIE &‘E"%D*LEB%L]%
et

KRBT TR,

MEMARRYSAAR BT RERE SR,

BEER HIESRITOIT,EXE

S MR

[#I575 B Declaration of Interest]
FrEEE N BRPEAN A FERN D

[&# 3 References]

[ LIPMAN N S, HOMBERGER F R. Rodent quality assurance
testing: use of sentinel animal systems[J]. Lab Anim, 2003, 32
(5):36-43. DOI: 10.1038/laban0503-36.

[2] LIVINGSTON RS, RILEY L K. Diagnostic testing of mouse and
rat colonies for infectious agents[J]. Lab Anim, 2003, 32(5):44-
51. DOI: 10.1038/laban0503-44.

[3] O'CONNELLKA, TIGYIGJ, LIVINGSTON R S, et al. Evaluation
of in-cage filter paper as a replacement for sentinel mice in

e,

the detection of murine pathogens[J]. J Am Assoc Lab Anim
Sci, 2021, 60(2): 160-167. DOI: 10.30802/AALAS-JAALAS-20-
000086.

4] FRZ BRERE R, £ MEETONY R EREN AR E
Eﬂ#@liﬂlﬁﬁﬂ*""\ PCRIZLLRU]. TR EHURES,
2024, 44(3): 321-327. DOI:10.12300/j.issn.1674-5817.2023.168.

YU L Z, WEI X F, LI M, et al. Comparison of methods between
soiled bedding sentinels and exhaust air dust PCR for health
monitoring of rodent laboratory animals[J]. Lab Anim Comp

(5]

(6]

(71

(8]

(9]

(101

(1

[12]

(13]

(14]

(15]

[16]

(17]

Med, 2024, 44(3):
2023.168.

MILLER M, BRIELMEIER M. Environmental samples make
soiled bedding sentinels dispensable for hygienic monitoring
of IVC-reared mouse colonies[J]. Lab Anim, 2018, 52(3): 233-
239. DOI: 10.1177/0023677217739329.

COMPTON S R, HOMBERGER F R, PATURZO F X, et al.
Efficacy of three microbiological monitoring methods in a
ventilated cage rack[J]. Comp Med, 2004, 54(4):382-392.
HENDERSON K'S, PERKINS C L, HAVENS R B, et al. Efficacy
of direct detection of pathogens in naturally infected mice by

321-327. DOI: 10.12300/j. issn. 1674-5817.

using a high-density PCR array[J]. J Am Assoc Lab Anim Sci,
2013, 52(6):763-772. DOI: 10.1136/vr.f6532.

BESSELSEN D G, MYERS E L, FRANKLIN C L, et al
Transmission probabilities of mouse parvovirus 1 to sentinel
mice chronically exposed to serial dilutions of contaminated
bedding[J]. Comp Med, 2008, 58(2):140-144. DOI: 10.1111/j.1751-
0813.2008.00260.x.

JENSEN E S, ALLEN K P, HENDERSON K S, et al. PCR testing
of a ventilated caging system to detect murine fur mites[J]. J
Am Assoc Lab Anim Sci, 2013, 52(1): 28-33. DOI: 10.1016/j.
jinsphys.2013.01.001.

KORNER C, MILLER M, BRIELMEIER M. Detection of Murine
Astrovirus and Myocoptes musculinus in individually
ventilated caging systems: investigations to expose suitable
detection methods for routine hygienic monitoring[J]. PLoS
One, 2019, 14(8): €0221118. DOI: 10.1371/journal.pone.0221118.
MILLER M, RITTER B, ZORN J, et al.
monitoring is superior to soiled bedding sentinels for the

Exhaust air dust
detection of Pasteurella pneumotropica in individually
ventilated cage systems[J]. J Am Assoc Lab Anim Sci, 2016,
55(6):775-781.

NIIMI K, MARUYAMA S, SAKO N, et al. The Sentinel™ EADR
program can detect more microorganisms than bedding
sentinel animals[J]. Jpn J Vet Res, 2018, 66(2): 125-129. DOI:
10.14943/jjvr.66.2.125.

PETTAN-BREWER C, TROST R J, MAGGIO-PRICE L, et al.
Adoption of exhaust air dust testing in SPF rodent facilities
[Jl. J Am Assoc Lab Anim Sci, 2020, 59(2): 156-162. DOI:
10.30802/AALAS-JAALAS-19-000079.

WHARY M T, CLINE J H, KING A E, et al. Monitoring sentinel
mice for Helicobacter hepaticus, H rodentium, and H bilis
infection by use of polymerase chain reaction analysis and
serologic testing[J]. Comp Med, 2000, 50(4):436-443.
DUBELKO A R, ZUWANNIN M, MCINTEE S C, et al. PCR
lids for
monitoring of mouse colonies[J]. J Am Assoc Lab Anim Sci,
2018, 57(5):477-482. DOI: 10.30802/aalas-jaalas-18-000008.
GERWIN P M, RICART ARBONA R J, RIEDEL E R, et al. PCR
testing of IVC filter tops as a method for detecting murine

testing of filter material from IVC microbial

pinworms and fur mites[J]. J Am Assoc Lab Anim Sci, 2017, 56
(6):752-761.

ZORN J, RITTER B, MILLER M, et al
detection in the exhaust air of IVCs is more sensitive than

Murine norovirus



444 LIS R SELE E S Laboratory Animal and Comparative Medicine Aug. 2024, 44(4)
serological analysis of soiled bedding sentinels[J]. Lab Anim, murine individually ventilated cage racks and air handling
2017, 51(3):301-310. DOI: 10.1177/0023677216661586. units by using ‘active-closed' exposure to vaporized

[18] MAILHIOT D, OSTDIEK A M, LUCHINS K R, et al. Comparing hydrogen peroxide[J]. J Am Assoc Lab Anim Sci, 2017, 56(6):
mouse health monitoring between soiled-bedding sentinel 742-751.
and exhaust air dust surveillance programs[J]. J Am Assoc [25] WON Y S, KWON H J, OH G T, et al. Identification of
Lab Anim Sci, 2020, 59(1):58-66. DOI: 10.30802/aalas-jaalas-19- Staphylococcus  xylosus isolated from C57BL/6J-Nos2
000061. (tm1Lau) mice with dermatitis[J]. Microbiol Immunol, 2002, 46

(19] LUCHINS K R MAILHIOT D, THERIAULT B R, et al. Detection (9):629-632. DOI: 10.1111/}.1348-0421.2002.tb02744.x.
of lactate dehydrogenase elevating virus in a mouse vivarium (6] ST, BRI, SR, % . K FEE DNA B LR
using an exhau.st air d.ust health monitoring program([J]. J Am UL £ 4 T2 24R, 2022, 38(9):3542-3550. DOI: 10.13345/j.cjb.
Assoc Lab Anim Sci, 2020, 59(3): 328-333. DOI: 10.30802/ 220085,

AALAS-JAALAS-19-000107. SHI Z Y, CHEN L P, LI B X, et al. Comparative analysis of

[20] BAUER B A, BESCH_W'LQFORD G |__|V|NGSTON RS, et al. different fecal DNA extraction methods[J]. Chin J Biotechnol,
Influence of rack design and disease prevalence on o
detection of rodent pathogens in exhaust debris samples 2022, 38(9):3542-3550. DOI: 10.13345/).cib-220085. o
from individually ventilated caging systems[J]. J Am Assoc [27] WINN C B, ROGERS R N, KEENAN R A, et al. Using filter
Lab Anim Sci, 2016, 55(6):782-788. media and soiled bedding in disposable individually

[21] LUPINI L, BASSI C, GUERRIERO P, et al. Microbiota and ventilated cages as a refinement to specific pathogen-free
environmental health monitoring of mouse colonies by mouse health monitoring programs[J]. J Am Assoc Lab Anim
metagenomic shotgun sequencinglJ. World J Microbiol Sci, 2022, 61(4): 361-369. DOI: 10.30802/AALAS-JAALAS-22-
Biotechnol, 2022, 39(1):37. DOI: 10.1007/s11274-022-03469-0. 0000713.

(22) EHS, FKEE ERIB % . Dole PCRIGNIEMHEHTEATE (28] MANUEL C A PUGAZHENTHI U, SPIEGEL S P, et al.
TEMRRRENE LR ES W R MEL. e Detection and elimination of Corynebacterium bovis from
B ESZE, 2019, 34(5):109-114. DOI: 10.3969/j.issn.1671-7414. barrier rooms by using an environmental sampling
2019.05.027. surveillance program[J]. J Am Assoc Lab Anim Sci, 2017, 56(2):
WANG L P, LI'Y W, WANG C J, et al. Reliability research of 202-209.

Dole gPCR method on Pasteurella pneumotropica and [29] KIM E, YANG S M, WON J E, et al. Real-time PCR method for
application in health screening of laboratory rodents[J]. J the rapid detection and quantification of pathogenic
Mod Lab Med, 2019, 34(5):109-114. DOI: 10.3969/}. issn. 1671- Staphylococcus species based on novel molecular target
7414.2019.05.027. genes[J]. Foods, 2021, 10(11):2839. DOI: 10.3390/foods10112839.

23] TRZ BEX BWF F. SHELHIREXOCEE PCRIQN (WFS B HA:2024-01-10  {Z[E B ER: 2024-07-11 )
FENEIRETEAR. MREGEQNPNBU. TR (RYRE KB, SR, TFE #H14)
5t &E %, 2023(5):566-573. DOI: 10.12300/j.issn.1674-5817.

2023.022. [BIAZAX]

YU L Z XE JY, FENG L P et al. Establishment of  zm3z mges, ZAK, £ FEMEOMEDHILREEREHE
fluorescence gPCR method for detection of Staphylococcus B AR IE]. SRS L E R, 2024, 44(4): 436-
aureus and its application in feces detection of rats and mice 444. DOI: 10.12300/j.issn.1674-5817.2024.004.

[J]. Lab Anim Comp Med, 2023(5): 566-573. DOI: 10.12300/j. KONG C Q, TIAN M M, CAI L D, et al. Exploration on application
issn.1674-5817.2023.022. effectiveness of microbial capture filter membranes from different

[24) RAGLAND N H, MIEDEL E L, GOMEZ J M, et al materials in barrier environment facilities[J]. Lab Anim Comp Med,

Staphylococcus xylosus PCR-validated decontamination of

2024, 44(4): 436-444. DOI: 10.12300/].issn.1674-5817.2024.004.



