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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 IR 1R/ /m K I'®

Group Material Filter diameter/pm Specification Manufacturer
M1 KT B 0.1 H13 3% BERBARRHERAE
M2 PPK3 &1 70 0.1 90 g/m? EBCHEABERAR
M3 PEuLic 0.1 80 g/m? REMERKEALHHERAF
M4 RRAEMALIER 0.3 PP-T 0.22 um WZRFT L ET B MR D BRAE
M5 BRAE o 0.2 7.5cmx7.5cm BNHHREEEMHNERRIERT
T RE0 ARF0 ARF0 =B

E: RPMI~-MABBERMR, 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: CtHIEWERE, CFUNETERRLEN.

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

E1 2EGHEEKE(A)MNEMREHETE (B)SREADENHERRBREER

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

M1

M4

E: B ML M20 M3. MARIMS ARIRSERERME, TIAMBZAIMm. MNMREREKE, M3, MoMTIREMEBAERE, MM
M2, MAXREMEHSENRD,; FREMREMERSREFENREENERZHRRIMA<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.
E2 FRMRIEERNDEHEESRE

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

ZIIPREES HERA/INMem W EIRRIEERE/g WEBIRERERS/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"

*: 5 M58, 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 4T i
IS N .
Material WERE/(CFUg") Staphylococcus aureus (Sa) Pasteurella pneumotropica (Pp)
concentration/(CFU-g") BIRFAE (vs) TREE/% EIRFE (ves) TERE/%
Bacteri g
acterna Ct (x+5) CV/% Ct(xes) 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
10* 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, THEKH LRI B ELR, P<0.05.
Note: Compared to M5, M3 and T1 have significantly increased dust capture efficiency, "P<0.05.

F4 JBEE M3 R NIEIE SR

Table 4 Detection validation results for filter membrane M3

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

REREHKE PR 6 1 7 92
Staphylococcus epidermidis [UEHEs 0 5 5
L 6 6 12

PN PH1E 6 0 6 100

Escherichia coli FE 1% 0 6

L2 6 6 12
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