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Learning Objectives

1. Assess whether contamination originating in specialty equipment is localized or has spread to 
connected cleanroom environments and HVAC systems.

2. Compare decontamination approaches—including manual, OEM, and gaseous biodecontamination 
technologies—and evaluate their limitations for complex equipment geometries.

3. Apply a tiered contamination response model (equipment → room → HVAC) appropriate to scope, 
contamination vector, and regulatory expectations.

4. Mitigate risk across mold, bacterial, viral, and DNA fragmentation contamination vectors in specialty 
equipment environments.
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Why This Matters: Regulatory & Business Stakes

• Annex 1 (2022): equipment is explicitly within 
CCS scope

• Inspectors expect documented equipment-level 
contamination risk assessments

• ICH Q9: risk-based justification required for 
response decisions

• 483 / Warning Letter exposure when non-
traditional sources aren’t addressed in the CCS

Regulatory Stakes
• Line downtime—lost batches every day operations 

are paused

• Deviation & CAPA cycle time—investigation, root 
cause, remediation

• Sterility assurance & batch disposition 
consequences

• OEM service scheduling can extend downtime by 
weeks

• Cross-product / campaign contamination risk in 
multi-product facilities

Operational & Business Stakes
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When Equipment Becomes the Source: The Contamination Cascade

• Airflow Dynamics
• Human Cross-Contamination
• Equipment Design
• HVAC Integration

Contamination rarely stays contained to a single piece of equipment

The result: an isolated equipment event becomes a facility-
wide incident requiring costly and disruptive intervention

Mold and Fungal 
Contamination

Particulates

DNA Fragments

Viral 
Vectors

Bacterial 
Biofilm
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Real-World Scenarios: When Contamination Escalates

Incubators
Mold migrating to 
adjacent cleanroom 
surfaces via door 
opening and airflow

Cell Sorters
Aerosol-generating 
operation creates room-
level contamination, 
triggering unplanned full-
room decontamination

Lyophilizers
Internal bioburden in 
chambers and 
condenser manifolds 
compromising batch 
sterility assurance

Depyrogenation Tunnels
High-temperature 
environment and inaccessible 
internal surfaces create 
persistent contamination risk

Common Pattern Across Events: 
late detection → inadequate initial response scope  → facility-wide intervention required



PDA Midwest | Microbial Contamination & Control (MCC) Conference May 13–14, 2026  |  pdamidwest.org  |  6

Decontamination Methods

Evaluating Your Options for Specialty Equipment
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Why “Clean the Equipment and Move On” Often Falls Short

Three options dominate the field: manual spray-and-wipe, OEM service, and gaseous/vaporous 
biodecontamination. The first two are the most common—and the most likely to leave 
contamination behind.

Manual surface methods can't reach the inside Spray-and-wipe addresses external surfaces only. Technicians can't 
reliably reach internal components, HEPA housings, condensate pathways, or hard-to-access areas—and efficacy is 
highly operator-dependent.

OEM service is partial by design Service interventions are equipment-specific and typically address the equipment 
only—not the surrounding room or shared airflow. Scheduling constraints can extend downtime by weeks.

Disinfectant choice carries its own risks Insufficient kill claims (lack of EPA testing/approval), misapplied contact 
times, and chemistries that leave residues—harmful to staff, products, or capable of creating germ reservoirs. 
Repeat contamination events typically trace back to one of these gaps. 
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Spaulding Hierarchy & Log Reduction: Understanding Disinfection Difficulty

Approved for Use

Against

SARS-CoV-2

EPA List N

Bacterial 
Spores

Spores of: C. difficile; C. tetanus; Geobacillus Stearothermophilus; C. 
botulinum; C. sporogenes; Bacillus anthracis; Bacillus atrophaeus

Mycobacteria M. tuberculosis (TB); M. avian

Viruses 
Without Envelopes

Norovirus; Rotavirus; Rhinovirus; Poliovirus; Papillomavirus (HPV); 
Adenovirus x 1010; Coxsackievirus; Calicivirus

Fungi including 
Fungal Spores

Aspergillus fumigatus; A. flavus; A. niger;
Candida albicans; Calonectria henricotiae; Calonectria 
pseudonaviculata

Gram Negative 
Bacteria

Pseudomonas; Acinetobacter; E. coli; 
Enterobacteriaceae; Legionella; Salmonella

Gram Positive 
Bacteria

Staphylococcus; Enterococcus (VRE); Streptococcus; 
Clostridia vegetative rods; Rathayibacter agropyri; Rathayibacter 
iranicus, C. Bovis

Viruses With 
Lipid Envelopes

Influenza; HBV; HCV; HIV; RSV; Coronavirus; CMV; HSV; Measles; 
Mumps; Rubella; VZV (Varicella-Zoster)
Shingles/Chickenpox
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Evaluating Chemistry & Form Factor

Chlorine Dioxide
35% Hydrogen 

Peroxide
Ionized Hydrogen

Peroxide
7% Hybrid Hydrogen

Peroxide

Material Compatibility ● ● ●
Staff & Animal Safety
(exposure to leakage / residues) ● ● ● ●

Residue Profile ● ● ●

Portability & Setup ● ● ● ●

Multi-Tier Flexibility ● ● ● ●

●  Favorable ● Conditional / Limited ●  Concern

Selection should be driven by contamination vector, equipment materials, and required contact time
Verify EPA registration, sporicidal claims, and material compatibility data for your specific application.
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Internal Geometries & Material Compatibility

Particle Counters
Laser optics in sensor 
housing—sensitive to 
oxidizing agents and 
moisture.

Cell Sorters
Fluidics paths, sort blocks, 
optics—complex 
geometry; gaskets and 
tubing require 
compatibility assessment.

Lyophilizers
Internal shelving, manifolds, 
condenser coils—seals must 
withstand gaseous decon 
conditions.

Depyrogenation Tunnels
Inaccessible high-
temperature internals—
evaluate conveyor and seal 
integrity.

Across all four:

• Vapor distribution within sealed 
enclosures without direct injection

• BIs and CIs at worst-case internal 
positions to confirm coverage

• Cycle qualification specific to 
equipment type and configuration

• Lower-concentration chemistries 
preserve sensitive electronics and 
optics

CURIS field research: HHP  
compatibility validated on particle 
counters and cleanroom surfaces.
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A Tiered Approach to Contamination Control

Equipment Equipment → Room + Equipment → HVAC & Surrounding Spaces / Whole Facility 
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The Tiered Model: Scope Determines Strategy

1. Address the affected equipment directly. 
2. Expand to the room, adjacent spaces (MALs/PALs), and shared 

airflow paths
3. Full-scale response involving multiple zones, HVAC systems, and 

potentially professional services.

• Scale of response should be driven by EM data, contamination type, 
and facility risk assessment—not assumption

• CCS documentation should define the trigger criteria and decision 
logic for each level of response

• Manual disinfection is labor-intensive, imperfect, and hard to 
validate. Consider where easy-to-implement vapor decon could 
measurably improve your contamination control efforts.
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Regulatory Alignment: Annex 1, cGMP, and CCS Expectations

• EU GMP Annex 1 (2022): CCS must address all sources of contamination—equipment is explicitly within 
scope

• Risk-based approach required: document your assessment, decision criteria, technology rationale, and 
remediation outcomes

• The tiered model supports inspection readiness:
• Clear definition of scope at each response level
• Validated decontamination approach with documented efficacy data
• EM data as the primary validation outcome for remediation effectiveness
• Ongoing monitoring program demonstrates sustained contamination control

• Treating contamination as a facility-wide ecosystem problem—not just an isolated equipment issue—
aligns with modern CCS philosophy



PDA Midwest | Microbial Contamination & Control (MCC) Conference May 13–14, 2026  |  pdamidwest.org  |  14

Field Validation: 

Specialized Equipment Fumigation
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Decontaminating Cell Sorters in ATMP Facilities

• Setting

Cell sorters can require decon at maintenance, calibration, and campaign changeover.

• Challenge

Complex geometries. Sensitive optics and electronics. 

• Solution

Hybrid hydrogen peroxide, sorter in place—no 
disassembly. ≥6-log kill confirmed at worst-case 
positions. Return to service without OEM 
service call.
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Beyond Microbial Kill: DNA Amplicon Decontamination
• Setting

PCR-based testing in CGT and QC environments. Trace DNA amplicons 
cause false positives. 

• Challenge 

Thermal cyclers and PCR instruments can't tolerate high-consequence / 
high-concentration DNA-degrading chemistries. Amplicons on internal 
airflow components are hard to reach. Replacement is the common 
(COSTLY) fallback.

• Solution 

7% hybrid hydrogen peroxide, pulsed delivery, sealed BSC. Pre-
treatment: detectable amplicons. Post-treatment: zero signal at 18/18 
locations for all 3 test cycles. Equipment integrity preserved.
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Treating What You Can't Reach: Interstitial Space and Filter Banks

Interstitial Space HEPA Filter Banks

Setting Above-ceiling plenum implicated 
as mold and particulate reservoir. 
Inaccessible to manual cleaning.

Challenge Staff can't reach interstitial 
space. Manual disinfection not possible.

Solution Room and plenum fumigated 
simultaneously — ceiling tiles removed, 
fans directed upward through apertures. 
Validated kill at worst-case BI positions 
throughout both volumes.

Setting HEPA filter banks implicated by EM 
data. Changeout would mean an extended 
shutdown and requalification.

Challenge Filters can't be wiped or visually 
verified. Need validated kill—without 
changeout.

Solution Gaseous decon delivered through 
HVAC. ≥6-log kill confirmed at upstream, 
in-housing, and downstream BIs. 

Same principle: validated gaseous kill where manual cleaning can't reach.
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Bulk Autoclave Repurposed for Material Fumigation

• Challenge

Sensitive items cannot tolerate autoclaving. No 
dedicated room available for a separate material 
fumigation chamber.

• Solution

Existing autoclave converted to dual-purpose 
fumigation chamber via decouplable hybrid hydrogen 
peroxide system with onboard drying. Autoclave 
retained full sterilization functionality. Validated kill at 
worst-case BI positions.

• Setting

Getinge Bulk Autoclave for material transfer. Heat- and moisture-sensitive 
items also required a validated transfer pathway.
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Key Takeaways

• Specialty equipment is a significant and underappreciated contamination source—incubators, cell sorters, 
lyophilizers, and similar devices can serve as reservoirs that seed broader facility contamination

• Contamination rarely stays isolated: airflow, human handling, and HVAC integration create pathways that must 
be systematically addressed

• No single method covers all scenarios: technology selection should be driven by contamination vector, 
equipment geometry, material compatibility, and required validation rigor

• The tiered approach—equipment → room → HVAC—provides a scalable, evidence-based framework for 
contamination response

• Align contamination response with your CCS: documented scope, validated outcomes, and EM data are the 
foundation of regulatory readiness
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Thank You

Questions & Discussion

beth.massoth@curissystem.com

mailto:beth.Massoth@curissystem.com
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