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INTRODUCTION

NOSOCOmialinfections have been recognized as a high risk in infection control and are estimated by the
World Health Organization (WHO) to occur in between 3 to 21% of ail hospital admissions1.2. Recent

publications show that 8% of patients with severe HW disease require general anesthesia during their
surgery J. Also, 40% of these HW positive patients have a Tuberculosis (TB) infection and 90% of these
infections are with multi-drug resistant TB u. Such HIV patients with active Tuberczt/osis(TB) infections, as
weil as patient with active or asymptomatic hepatitis infections can add to, have been the risk of disease
transmission via medical equipment during anesthesia or intensive care. For example, a recent study at an
emergency department showed that 31% of the 81 employees who were not PPO-positive (Purified-Protein-
Derivative tubercu!osis skin test) before starting work became positive while working 6.7. .

Nosocomial pneumonia was the leading cause of death (13 -18%) of all nosocomial infections in the United
States and 50% of these were related to endogenous organisms such as Klebsiellapneumonia, Enterobacter
aerogenes,Proteus sp. and Eseheriehiaeoli~. Anesthetic and ventilation equipment have been recognized as
key sources of such hospital acquired infections and patient cross-contamination'. These types of
equipment may become contaminated from supplied medicaI gases or from patient cross-contaminations.

Due to an increasing concern over nosocomial transmission of Tuberculosis (TB), the CDC (Centers for
Disease Control and Prevention) has recently issued recommendations for TB prevention for patients and
health-care workers. Among other procedures and engineering controls, the CDC now recommends that a
bacterial retentive breathing circuit filter be used on the patient endotracheal tube or at the expiratory side
of the ventilator or anesthesia equipment when operating on a patient who has confirmed or suspected TB,
in order to help reduce the risk of contaminating the equipment or of discharging tubercle bacilli into the
ambient air 10.
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MECHANISM OF FILTRATION

A irbome particles will be captured ~yfilters via three mechanisms: 1) Direct Interception,
.1""\.2) Inertial Impaction, 3) Diffusional Interception (Figure 1). Direct Interception will remove partides
that are physically larger than the membrane pore sizes (approx. 1JlIIland larger). This will stop most large
dust and bacterial particles. Inertial impaction occurs when the relatively small particles (0.5 J.Lmto IJ.Lm)
which can pass the surface pores are trapped by collision with the filter matrix and impaction due to the
partide' s momentum. Diffusional interception is the mechanism for retaining the smallest size
microorganisms « 0.5 J.Lm)which undergo Brownian motion and, thus, have a high probability of being
captured by contact with the matrix surfaces. Breathing circuit filters combine all three of these mechanisms
to remove aerosol microorganisms and particulates from the airway flow.

Aerosol challenge tests have been a critical tool in filter evaluation. The first fully described bacterial
aerosol challenge testing method was developed in 1978at PalI Corporation by Duberstein and Howard 1111,

and has long been used as a standard testing method in the filtration industry. In the last few years, we
have modified the Duberstein and Howard 11 method to be able to concurrently measure the pre-filtration
(i.e., challenge) and the post filtration (i.e., recovery) bacteria levels during the same test sequence. This
method, which is described in this report, provides a highly controllable and accurate measurement of the
upstream and dOwn5tream concentration of challenge organisms and is, therefore, an effective means to .
assess the microbial retention capabilities of breathing circuit filters.

Figure 1:
Mechanisms of Gas Filtration
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MATERIALS AND METHODS

Aerosol Challenge Rig: As shown in Fig 2 (see page 4), the test rig consists of a nebulizer, mixing
chamber and microorganism sampling system. A DeVilbiss # 40 (DeVilbiss Co., Somerset, PA.)

nebulizer generates aerosols of the applied microorganisms into the mixing chamber with a controlled
nebulization pressure of 9 -9.5 psi. Dry air « -50°C Dew point) is simultaneously introduced to the mixing
chamber at a flow rate of 1 cfm (28.3 lpm), and the aerosols from the nebulizer are mixed. A vertical
evaporator column is then used to ensure drying and the presentation of a monodispersed aerosol challenge
to the test filters. In this protocol, five (5) ml of microorganism solution is placed into the nebulizer and the
residual volume is measured after each challenge test. Two sets of impingers, each with two 141pm
impingers (total flow of 28 lpm, Ace Glass Inc., New Jersey) are positioned upstream and downstream of
the test filter to sequentially sample the total challenged aerosol flow of 28 Ipm, first upstream of the filter
(impinger set #1), and then downstream of the filter (impinger set #2), controlled altematively at 5 sec.
intervals by an electronic vacuum-switcher box. Gel-phosphate buffer (20 ml) is used in the impingers for
capturing rnicroorganisms. The applied vacuum (15 inch Hg) alternately draws the aerosol through either
the upstream or downstream impingers,' during which the total flow rate (28 Ipm) is ensured by the orifices
of the impingers calibrated by the manufacturer (1.5% accuracy). Blank runs (without test filters) were
performed to ascertain the equality and consistency of the upstream and downstream impinger collections
(an exhaust filter is positioned upstream of the test filter to prevent any release of organisms in the event of
vacuum. 1055).

Total test time is 6 minutes followed by 2 minutes to flush out the residual aerosols in the rig. All parts of
the test rig are sanitized or sterilized before testing setup. Filters used for the challenge studies were the Pall
BB25A (L/N 052210) and Pall HME15-22M (L/N 131470).

Bacterial (or viral) concentrations in the upstream and downstream impingers are determined by colony or
plaque forming unit (CFU or PFU) counts on recovery agar plates made from varying dilutions of the
impinger fluid immediately after the challenge. These counts (between 20 and 200 per plate) on diluted
samples are then used to calcu1ate the (undiluted) concentration level per ml in the collector fluid, which is
then multiplied by the total test recovery volume to obtain the total recovery of challenge organisms.

The titer reduction value (TRV) is caltulated by dividing the number of rnicroorganisms used to challenge
the filter by the number of microorganisms collected downstream of the filter. The mathematical expression
is as follows:

Total Microorganisms Upstream Challenge
TRV=

Total Microorganisms Recovered Downstream

The removal efficiency of each filter is calculated by the following equation:

Total Challenge - Total Recovery

Removal Effidency ::=
x 100 (%)

Total Challenge

1
=(1- ) x 100 (%)

TRV
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