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Executive Summary

The revised EU GMP Annex 1, "Manufacture of Sterile Medicinal Products," is the most consequential rewrite of European sterile manufacturing rules

in over three decades. Published by the European Commission on 25 August 2022 as decision C(2022) 5938 final (Source: health.ec.europa.eu), the

guideline entered into operation on 25 August 2023, with a one-year deferral to 25 August 2024 granted only for point 8.123 on lyophilizer

sterilization frequency (Source: health.ec.europa.eu) (Source: picscheme.org). The Pharmaceutical Inspection Co-operation Scheme ( PIC/S, which

reported 57 Participating Authorities as of 1 January 2026 (Source: picscheme.org), adopted an identical text, extending its reach far beyond the

European Economic Area.

A central feature of the document is the Contamination Control Strategy (CCS): Annex 1 says a facility-wide, risk-based CCS should be
implemented to "define all critical control points" spanning plant design, personnel, utilities, raw materials, and monitoring (Source: mabion.eu). On

barrier technology, Annex 1 sets a minimum Grade B background for restricted access barrier systems (RABS) used in aseptic processing, versus a

minimum Grade C background for open isolators and Grade D for closed isolators (Source: mabion.eu). Grade A zones require continuous particle

monitoring at a minimum sample flow of 28 litres per minute (Source: health.ec.europa.eu). For Aseptic Process Simulations, 5,000 to 10,000 units
are typically filled; for production batches below 5,000 units, the APS container count should at least equal the production batch size. The target is

zero microbial growth.

The United States presents a sharper contrast than most manufacturers expect. FDA's foundational aseptic processing guidance dates to October
2004 and has not been revised since (Source: hhs.gov); it does not use the term "contamination control strategy" at all. The U.S. Pharmacopeia
(USP) moved to close that gap in 2025 with a draft chapter, USP <1110>, explicitly titled "Microbial Contamination Control Strategy Considerations"

(Source: gmp-compliance.org). Meanwhile, FDA enforcement from 2023 to 2026 shows contamination-control failures remain common: warning

letters to Daewoo Pharmaceutical (July 2025), International Medication Systems Limited (July 2026, citing a RABS that "lacks fundamental

design elements" (Source: fda.gov), Fagron Compounding Services, Brassica Pharma, and Intas Pharmaceuticals all document sterility-

assurance failures that European trade press says "closely mirror requirements under EU GMP Annex 1" (Source:

europeanpharmaceuticalreview.com).

Compliance costs are material. A 2024 PDA industry survey found roughly 30% of respondents reported Annex 1 facility-upgrade costs exceeding $2
million, while about 40% needed compliance-timeline extensions (Source: pharmalliance.ie). The sterile injectables CDMO market that must absorb

these costs was valued at $37.82 billion in 2025 and is projected to reach $87.34 billion by 2033 (Source: grandviewresearch.com), while the global

cleanroom technology market stood at $10.04 billion in 2025, with pharmaceutical manufacturing the largest end-use segment at 41.85% share

(Source: mordorintelligence.com). This report examines every major Annex 1 requirement, the RABS-versus-isolator decision, environmental

monitoring thresholds, the widening US-EU regulatory gap, and named real-world compliance and enforcement cases relevant to manufacturers,

CDMOs, and quality leaders navigating this transition as of August 2026.

Introduction and Background

Sterile drug manufacturing seeks to prevent microbial, particulate, and endotoxin/pyrogen contamination through robust controls; Annex 1 specifies

defined monitoring and action limits alongside that objective. Annex 1 to the European Union's Good Manufacturing Practice (GMP) rules, formally

titled "Manufacture of Sterile Medicinal Products," traces back to 1971, when it was first published based on a recommendation from the

Pharmaceutical Inspection Co-operation Scheme, or PIC/S, "to ensure the sterility of medicinal products" (Source: picscheme.org). The version in

force before 2023 dated largely to 2008, and by the time PIC/S convened a dedicated working group at its Rome meeting of 15-16 May 2014 (Source:

picscheme.org), it was clear the guideline needed to reflect two decades of advances in isolator technology, single-use systems, and quality risk

management.
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The stakes extend well beyond regulatory paperwork. Sterile medicinal products can be administered into the bloodstream, the eye, or other sterile

body sites, so contamination risks require robust prevention and control. Where possible, Annex 1 states that finished product should be terminally

sterilised because this provides greater sterility assurance than sterile filtration and/or aseptic processing; aseptic processing is used when terminal

sterilisation is not possible ( European Commission Annex 1. The case for such rigor is not merely theoretical: an ISPE (International Society for

Pharmaceutical Engineering) white paper on Annex 1 implementation points to real-world contamination incidents, including the 2023 "Pseudomonas

aeruginosa contamination of eye drops" (Source: ispe.org), as concrete illustrations of what remains at stake when environmental and process

controls fail. A peer-reviewed ten-year analysis of FDA recall data found that impurities and contaminants were the single leading cause of US drug

recalls, accounting for 37% of the roughly 330 recalls FDA initiates in an average year (Source: pubmed.ncbi.nlm.nih.gov) (Source:

pubmed.ncbi.nlm.nih.gov), a pattern this report's Data Analysis section examines in more depth. Manufacturers, contract development and

manufacturing organizations (CDMOs), and the consultancies and quality functions that support them increasingly treat aseptic contamination control

not as a single facilities project completed once at commissioning, but as a continuously managed risk, the same framing Annex 1 itself adopts

through the CCS.

The rewrite that followed was unusually deliberative. A December 2017 draft drew over 6,300 public comments during a three-month consultation,

reviewed by the working group through 2018 and 2019 (Source: picscheme.org), and a second consultation running February to July 2020 drew

roughly 2,000 additional comments. The revision was, in PIC/S's own words, "driven jointly by PIC/S and the EMA Inspectors' Working Group (IWG)

on GMDP in close co-operation with the European Commission (EC) and the World Health Organization (WHO)" (Source: picscheme.org), PIC/S

states that its revised Annex 1 is identical to the EU Annex 1 text except for very minor editorial differences; the requirements applicable in other

jurisdictions should be confirmed with the relevant authority.

Formal adoption came quickly once the text was finalized: the EMA's IWG on GMDP approved it on 1 March 2022 and the PIC/S Committee followed

on 29 April 2022 (Source: picscheme.org). The European Commission published the final revision on 25 August 2022 under its formal legal basis in

Article 47 of Directive 2001/83/EC and Regulation 2019/6, explicitly labeled internally as a revision of the 2007 version of Annex 1 (Source:

health.ec.europa.eu). PIC/S published its parallel version under reference PS/INF 26/2022 (Rev. 1) on 9 September 2022 and confirmed it is identical

to the EU version aside from minor editorial differences (Source: picscheme.org).

Two compliance dates matter to nearly every sterile manufacturer. The guideline "came into operation" on 25 August 2023, one year after publication,

with a single carve-out: point 8.123, governing the frequency of lyophilizer chamber and barrier-technology sterilization, was postponed to 25 August

2024 (Source: health.ec.europa.eu). Both deadlines have now passed as of this report's publication in August 2026. The EU Annex applies within its

legal framework; manufacturers should confirm the implementation status and enforceability of the PIC/S text with the competent authority in each

relevant jurisdiction. The revised text's stated ambition is not merely stricter numeric limits but "application of an enhanced process understanding by

using innovative tools as described in the ICH Q9 and Q10 guidelines" (Source: health.ec.europa.eu). It includes a facility-wide CCS that should be

actively reviewed and, where appropriate, updated. This report reviews the relevant requirements, third-party market and survey estimates,

enforcement examples, and the parallel but distinct US regulatory framework.

Key Changes Under the Revised Annex 1

The Contamination Control Strategy Framework

The single most consequential change in the 2022 revision is the requirement, set out in paragraph 2.3, that "a Contamination Control Strategy (CCS)

should be implemented across the facility in order to define all critical control points" and assess the effectiveness of all controls, both current and

planned (Source: health.ec.europa.eu). Unlike the pre-2023 version of Annex 1, which addressed contamination controls piecemeal across separate

sections on premises, personnel, and process, the CCS brings those controls into a single, holistic, cross-functional assessment. Paragraph 2.5

identifies elements that should be considered, but are not limited to, in the CCS: "Design of both the plant and processes," premises and equipment

design, personnel practices, utilities (water, gases, steam), raw material and consumable controls, container and closure integrity, vendor approval

and outsourced-activity oversight, process and sterilization validation, preventive maintenance, cleaning and disinfection, monitoring systems, and

corrective and preventive action (CAPA) programs (Source: health.ec.europa.eu).

Crucially, Annex 1 does not treat the CCS as a static document sitting in a quality binder. Paragraph 3.1(iv) requires that "risk management is applied

in the development and maintenance of the CCS, to identify, assess, reduce/eliminate" contamination risks on an ongoing basis (Source:

health.ec.europa.eu), tying the CCS directly to the Pharmaceutical Quality System and to ICH Q9 quality risk management principles. Annex 1 says

the CCS should be actively reviewed and, where appropriate, updated. It also says changes to systems should be assessed for their CCS impact
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before and after implementation, while risk-management outcomes should be reviewed regularly during ongoing quality management, change,

significant emerging problems, and periodic product quality review. This supports cross-departmental risk-assessment governance rather than a single

new procedure.

The United States has no direct regulatory equivalent to the CCS, though the gap is narrowing. In 2025, the U.S. Pharmacopeia released a draft

general chapter, USP <1110>, titled "Microbial Contamination Control Strategy Considerations," which defines a CCS in nearly identical language as

"a document based on global microbial risk assessments that describes contamination control methods" (Source: fdcell.com), and trade commentary

notes the chapter is designed so "the USP builds a bridge between the requirements of CFR and the current 1st edition" of pharmacopeial standards

on the subject (Source: gmp-compliance.org). Until that chapter becomes official, US-based and export-oriented manufacturers effectively operate

under a de facto dual standard: FDA's Code of Federal Regulations and 2004 guidance on one hand, and Annex 1's explicit CCS mandate on the

other, for any product destined for EU, EEA, or PIC/S markets.

Cleanroom Grades and Grade A Environmental Monitoring

Annex 1 retains the familiar four-tier cleanroom classification but tightens the monitoring regime attached to it substantially. Grade A is defined as "the

critical zone for high-risk operations (e.g. aseptic processing line, filling zone, stopper bowl" and related open-container operations, requiring

unidirectional airflow (Source: health.ec.europa.eu). Grade B, "for aseptic preparation and filling, this is the background cleanroom for grade A"

(Source: health.ec.europa.eu), while Grades C and D are reserved for "carrying out less critical stages in the manufacture of aseptically filled sterile

products," including background zones for isolators and terminally sterilized product handling (Source: health.ec.europa.eu). One structural detail

surprises many facility engineers: Annex 1 flatly states that "sinks and drains should be prohibited in the grade A and grade B areas" (Source:

health.ec.europa.eu), forcing many legacy facilities into physical layout changes, not just procedural ones.

The environmental monitoring (EM) requirements attached to Grade A are the strictest in the document, and that program is explicitly not a standalone

activity. Health Canada's own GMP guidance, itself harmonized to the same Annex 1 text, states plainly that environmental and process monitoring

"forms part of the overall contamination control strategy (CCS)" (Source: canada.ca), directly linking the monitoring specifics below to the CCS

mandate discussed above. Grade A areas "should be monitored continuously (for particles >=0.5 and >=5 micrometers) and with a suitable sample

flow rate (at least 28 litres (1ft3) per minute" (Source: health.ec.europa.eu), and the maximum permitted total particle counts for Grade A, reproduced

identically in the harmonized table of Health Canada's own guidance as "A | 3,520 | 3,520 | 29 | 29" particles per cubic meter across the 0.5 and 5

micrometer thresholds, apply equally at rest and in operation (Source: canada.ca), a deliberately unforgiving standard compared to lower grades

where limits relax during operation. Distinct alert levels, set below the stricter action limits to flag adverse trends early, must additionally be established

for "grade A (total particle only), grade B, grade C and grade D areas" (Source: canada.ca). For viable (microbial) monitoring, settle plates in Grade A

and B areas "should be exposed... for the duration of operations (including equipment set-up) and changed as required after a maximum of 4 hours"

(Source: health.ec.europa.eu), a shift from monitoring regimes that previously allowed longer exposure windows.

Table 1 below summarizes how each cleanroom grade is defined, its typical use, and its core Annex 1 monitoring expectation.

GRADE PRIMARY USE AIRFLOW KEY ANNEX 1 MONITORING REQUIREMENT

Grade
A

Critical zone for aseptic filling, stopper

bowls, open ampoules
Unidirectional

Particle monitoring should be continuous at >=28 L/min; settle

plates should be changed as required after a maximum of 4

hours

Grade
B

Background cleanroom for Grade A

aseptic operations

Turbulent,

controlled

Continuous pressure differential monitoring; settle plates every

4 hours max

Grade
C

Less critical manufacturing stages;

minimum background for open isolators
Turbulent Periodic particle and viable monitoring

Grade
D

Terminally sterilized product handling;

minimum background for closed isolators
Turbulent Periodic particle and viable monitoring

Annex 1 states that sinks and drains should be prohibited in Grade A and Grade B areas, which can necessitate relocating utilities outside the aseptic

core in facilities designed before the revision.
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Barrier Technology: RABS Versus Isolators

Annex 1 does not merely permit barrier technology, it actively steers manufacturers toward it. The Principles section explicitly names "use of

appropriate technologies (e.g. Restricted Access Barriers Systems (RABS), isolators, robotic systems" among the contamination-reducing options a

manufacturer should evaluate (Source: aminstruments.com), and, as microbiologist and contamination-control specialist Tim Sandle observes in an

industry interview, the new Annex effectively calls for justification whenever such technology is not used, reversing the historical default toward open

Grade A cleanrooms for new facility designs.

A Restricted Access Barrier System (RABS) is defined as using "a rigid-wall enclosure and integrated gloves to separate its interior from the

surrounding cleanroom environment" (Source: health.ec.europa.eu), while an isolator must provide "uncompromised, continuous isolation of its

interior from the external environment" (Source: health.ec.europa.eu) (Source: mabion.eu), a meaningfully higher bar. Sandle frames the practical

distinction succinctly: "RABS are an advancement on the Grade A zone with Grade B surrounding cleanroom concept" (Source: aminstruments.com),

whereas "isolators are designed to totally isolate the aseptic process and therefore do not need to be located in a Grade B zone" (Source:

aminstruments.com). That distinction drives the formal background-room requirements: a RABS used for aseptic processing needs a background of at

least Grade B, while an open isolator needs only a Grade C background (Source: mabion.eu) and a closed isolator only Grade D. In effect, isolators

can allow aseptic filling in a lower-grade background cleanroom when the Annex 1 conditions for the relevant isolator design are met. Cost and

adoption effects are facility-specific; the cited industry commentary is not independent evidence of industry-wide adoption or of a causal Annex 1

effect. For open isolators specifically, Annex 1 requires that "airflow pattern studies should be performed at the interfaces of open isolators" to

demonstrate that no unfiltered air ingresses during operation (Source: aminstruments.com).

Both technologies carry specific validation burdens. Glove and sleeve integrity, the most common failure point in any barrier system, "should be

performed at a minimum frequency of the beginning and end of each batch or campaign" (Source: health.ec.europa.eu). Isolator interiors must

undergo bio-decontamination that "should be automated, validated and controlled within defined cycle parameters and should include a sporicidal

agent in a suitable form (e.g. gaseous or vaporized form)" (Source: health.ec.europa.eu), and the text explicitly names "Vapour-phase Hydrogen

Peroxide" (VPHP) as an example agent requiring its own effectiveness validation whenever fumigation or vapor disinfection is used (Source:

health.ec.europa.eu). For RABS used in aseptic processing, Annex 1 requires a background environment of at least Grade B and airflow-pattern

studies demonstrating the absence of air ingress during interventions, including door openings where applicable. RABS design should also provide

Grade A conditions with unidirectional airflow, first-air protection in the critical zone, and positive airflow from the critical zone to the supporting

background environment.

Table 2 below compares RABS and isolators against the specific Annex 1 requirements governing each.

ATTRIBUTE RABS ISOLATOR

Isolation level
Rigid wall + integrated gloves separating interior from surrounding

room

Uncompromised, continuous isolation from

external environment

Minimum
background grade

Grade B Grade C (open) / Grade D (closed)

Decontamination
Validated sporicidal disinfection of interior surfaces; Grade A gloves

sterilised before installation and sterilised or effectively bio-

decontaminated before each campaign

Automated, validated sporicidal cycle, e.g.

VPHP

Glove integrity
testing

Gloves sterilised before installation and sterilised or effectively bio-

decontaminated before each campaign; visual examination with

each use; integrity testing at periodic intervals

Generally at least at the beginning and end

of each batch/campaign; visual inspection

with each use

Typical facility cost
profile

Lower capital cost, higher Grade B cleanroom operating cost
Higher capital cost, lower-grade (cheaper)

background room

Both approaches reduce, but do not eliminate, operator intervention risk, which is why Annex 1 separately encourages closed processing systems
wherever feasible, stating that "use of closed systems can reduce the risk of microbial, particle and chemical contamination from the adjacent

environment" (Source: health.ec.europa.eu), and that single-use systems "should be designed to reduce the need for manipulations and complexity of
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manual interventions" (Source: health.ec.europa.eu). Enforcement history shows what happens when a RABS is deployed without meeting these

engineering fundamentals; that case is examined in the Case Studies section below.

Aseptic Process Simulation and Media Fills

Annex 1 tightens both the scale and frequency of media fill testing, the industry's core method for validating that an aseptic process, not just the

equipment, actually achieves sterility. Initial qualification of any aseptic process now requires "at least three consecutive satisfactory simulation tests

that cover all working shifts that the aseptic process may occur in" (Source: health.ec.europa.eu), and "typically, a minimum of 5000 to 10000 units are

filled" per simulation run; for small production batches below 5,000 units, the APS container count should at least equal the production batch size

(Source: health.ec.europa.eu). Once qualified, ongoing revalidation is not optional: "normally, APS (periodic revalidation) should be repeated twice a

year (approximately every six months) for each aseptic process, each filling line and each shift" (Source: health.ec.europa.eu). The acceptance bar

has effectively been raised to its logical limit: "the target should be zero growth. Any contaminated unit should result in a failed APS" (Source:

health.ec.europa.eu), removing the statistically-based tolerance thresholds some manufacturers relied on under earlier guidance. Annex 1 states that

continuous viable air monitoring in Grade A should cover "the full duration of critical processing," rather than periodic spot checks (Source:

mabion.eu). Multiplied across every shift, every line, and every product family at a multi-line CDMO, the media fill requirement alone can add dozens

of validation runs per year, each consuming filling-line capacity that would otherwise go to commercial production, which is one reason the compliance

cost data discussed later in this report runs into the millions of dollars per facility.

US Regulatory Landscape and FDA Enforcement Comparison

Manufacturers exporting to both the EU and the United States must reconcile two regulatory frameworks that increasingly diverge in structure even as

their practical expectations converge. FDA's core aseptic processing guidance, "Sterile Drug Products Produced by Aseptic Processing: Current Good

Manufacturing Practice," carries an issue date of October 4, 2004 (Source: hhs.gov) and has not been formally revised since; it replaced a 1987

predecessor and remains FDA's primary interpretive document for meeting the sterility-related provisions of 21 CFR Parts 210 and 211 (Source:

fda.gov). Structurally, it classifies critical zones using US/ISO terminology, "Critical Area, Class 100 (ISO 5)," rather than Annex 1's Grade A through D

system (Source: gmp-compliance.org). A full-text search of that guidance turns up zero occurrences of the phrase "contamination control strategy"

(Source: gmp-compliance.org), confirming that the CCS concept as such simply predates, and is absent from, FDA's core text. Trade analysts

summarize the gap bluntly: FDA guidance stresses "the importance of a risk-based approach... but stops short of requiring a contamination control

strategy" in the Annex 1 sense (Source: westpharma.com).

That gap is real but narrowing through the pharmacopeial route rather than direct FDA guidance revision. USP General Chapter <797>, governing

sterile compounding, became official on November 1, 2023 (Source: usp.org), incorporating updated environmental monitoring provisions, while the

older USP <1116> addresses "the establishment, maintenance, and control of the microbiological quality of controlled environments" for aseptic

processing more broadly (Source: uspbpep.com). No single FDA-published statistic aggregates Form 483 observations by topic such as

"environmental monitoring" or "aseptic processing," though FDA's public Inspections and Compliance data dashboards provide granular, weekly-

refreshed inspection and citation records covering "U.S. domestic and foreign inspections by fiscal year, classification, product type, etc." (Source:

datadashboard.fda.gov).

Individual warning letters make the practical stakes concrete. In a July 2, 2025 warning letter, FDA cited Daewoo Pharmaceutical Co., Ltd. of South

Korea after "smoke studies showed a lack of unidirectional airflow in your ISO 5 aseptic processing operation" (Source: fda.gov), alongside direct

observation of "exposed skin in the ISO 5 area (e.g., forehead)" and "use of non-sterile tape on the filling line" (Source: fda.gov), and finding that "the

locations identified for EM in ISO 5 and ISO 7 areas lacked scientific justification" (Source: fda.gov), a finding directly relevant to how Grade A/ISO 5

monitoring point selection should flow from a documented CCS rather than convention.

A more severe July 2, 2026 warning letter to International Medication Systems Limited, a South El Monte, California manufacturer, found an

environmental monitoring plate positioned next to an ISO 5 filling area that "yielded a too-numerous-to-count result with confluent bacterial growth and

numerous insect larvae" (Source: fda.gov). FDA characterized the finding not as an isolated event but evidence "that the presence of insect larvae and

gross microbial contamination in your aseptic processing area demonstrates a critical failure of your contamination control program" (Source: fda.gov),

and, most relevant to the RABS-versus-isolator discussion above, determined that "your equipment lacks fundamental design elements of a RABS"

(Source: fda.gov), meaning the firm's chosen barrier technology could not achieve the isolation it was marketed to provide.

A July 2024 warning letter to Indian CDMO Brassica Pharma adds a further data point on aseptic-gowning discipline: FDA investigators found "the

gowning worn by operators during aseptic processing was observed to be 'stained and torn,'" and separately observed operators "touching the inside

of empty sterile tubes," leaning over the filling line with their heads and torsos inside the critical zone (Source: fiercepharma.com) (Source:

fiercepharma.com).
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These are not isolated cases. On July 14, 2026, regulatory trade press reported FDA issued warning letters to a sterile drug manufacturer and an

OTC drug maker over contamination controls, alongside an untitled letter to Fenwal International, a Fresenius Kabi subsidiary in Puerto Rico, over

facility disrepair that included "apparently biological, residue and standing pools of water" found near an air handling unit (Source: raps.org). European

trade coverage of the same batch of letters observed that they were "citing contamination control, environmental monitoring and facility maintenance

failures that closely mirror requirements under EU GMP Annex 1" (Source: europeanpharmaceuticalreview.com), a striking convergence given that

FDA has never formally adopted Annex 1's terminology.

Mutual recognition does not mean harmonized standards. The US-EU Mutual Recognition Agreement (MRA) Sectoral Annex for pharmaceutical

GMP "entered into force on November 1, 2017" (Source: fda.gov), and by June 2019 FDA had recognized inspection capability for all 27 EU member

state authorities, including Germany's ZLG on June 26, 2019 (Source: fda.gov). EMA's own updated MRA guidance, refreshed as recently as 9 June
2026, still frames this as mutual reliance on inspection capability, not textual harmonization of requirements (Source: ema.europa.eu). The MRA's own

legal text is explicit that a "capable" or "equivalent" finding "does not require that the authority maintain procedures for conducting inspections and

overseeing manufacturing facilities that are identical to FDA's procedures" (Source: ustr.gov). In practice, the applicable contamination-control

documentation depends on the product, markets, and competent authorities involved. Annex 1 calls for a CCS within its scope, while FDA's 2004

aseptic-processing guidance helps manufacturers meet CGMP requirements and does not prescribe a separately named FDA-facing quality-system

narrative.

Implementation Considerations and Process Changes

For quality, manufacturing, and regulatory affairs leaders, the practical challenge of Annex 1 is less about understanding any single clause and more

about sequencing a multi-year capital and documentation program against a deadline that, as of August 2026, has already passed. The two hard

dates, 25 August 2023 for the bulk of the text and 25 August 2024 for lyophilizer-related point 8.123, gave manufacturers one to two years to

redesign cleanrooms, retrain personnel, and rewrite quality documentation, a compressed timeline given the scope of change involved. ISPE's white

paper on implementation organizes the entire compliance effort around four practical focus areas: "environmental monitoring and control; aseptic

process validation; equipment and facility design; and personnel practices" (Source: ispe.org), a structure many quality organizations have adopted

directly as their internal program roadmap.

Industry survey data confirms the timeline was genuinely difficult to meet. The Parenteral Drug Association (PDA) ran a blinded industry survey on

Annex 1 and barrier-system implementation from 19 July to 11 August 2023 (Source: pda.org), timed deliberately to the effective date. A follow-up

PDA survey conducted roughly a year into implementation, as summarized by trade press, found that "about 75% of survey participants declared at

least 75% compliance," while roughly 40% of respondents said they needed compliance-timeline extensions, and about 30% reported facility-upgrade

costs exceeding $2 million (Source: pharmalliance.ie). A separate, smaller PDA survey on HEPA filter management in pharmaceutical cleanrooms,

conducted in the fourth quarter of 2024, drew responses from 65 industry organizations (Source: pda.org), and found that 73.0% of respondents

"responded 'No' by selecting 'No, we do not file health authority notifications'" when a Grade A HEPA filter failed recertification (Source: pda.org), while

roughly 46.9% "of survey responders store filters in controlled environments" before installation (Source: pda.org), illustrating how granular the post-

Annex-1 benchmarking conversation has become across even single subsystems like filtration.

Program sequencing matters as much as any individual technical decision. Annex 1 provides a defensible starting sequence: quality-risk-management

priorities should first address facility, equipment, and process design, then well-designed procedures, followed by monitoring systems that

demonstrate those controls continue to perform as intended ( European Commission Annex 1. Manufacturers should use a facility-wide gap

assessment against the paragraph 2.5 CCS elements to plan their own workstreams, taking account of site-specific procurement, construction,

validation, and documentation dependencies. The typical 5,000-to-10,000-unit Aseptic Process Simulation scale, together with the requirement for

small-batch APS container counts to at least equal the production batch size, can require substantial filling-line capacity and should be incorporated

into site-specific validation planning.

Individual capital projects illustrate the range of spend involved. CDMO Curia disclosed an investment of approximately $4 million to modernize its

aseptic active pharmaceutical ingredient (API) suites in Valladolid, Spain, an "approximately $4 million investment" the company says "significantly

modernizes Curia's aseptic production capabilities" (Source: cgxpwire.com), incorporating "advanced isolator technology, upgraded HVAC

infrastructure, pharmaceutical utilities, automation systems, and sterilization-in-place processes" to align with the revised guideline (Source:

cgxpwire.com). At the higher end of the spectrum, Fresenius Kabi's 2016 commitment to "invest approximately $250 million over 10 years to expand

its Melrose Park" Illinois sterile injectables plant (Source: genengnews.com) predates the 2022 Annex 1 revision but illustrates the isolator-driven

capital intensity that has since become the industry norm, with the expansion built around "fully automated aseptic filling lines using novel isolator

technology" (Source: genengnews.com).
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The compliance workstream typically spans several parallel tracks:

CCS authorship and governance: assembling a genuinely cross-functional document (not a quality-department-only exercise) covering every

element listed in Annex 1 paragraph 2.5, from raw materials to CAPA, and establishing a review cadence tied to deviations and periodic quality

reviews.

Barrier technology selection or retrofit: deciding between RABS (Grade B background, validated sporicidal disinfection, and campaign-specific

glove sterilisation or effective bio-decontamination) and isolators (Grade C/D background and automated sporicidal bio-decontamination cycles).

Capital and operating costs should be evaluated for the specific facility and operating model, as detailed in the RABS-versus-isolator comparison

above.

Environmental monitoring redesign: adding continuous Grade A particle monitoring instrumentation, revising settle-plate and active-air

sampling locations with documented scientific justification (the exact deficiency cited in the Daewoo warning letter above), and tightening viable-

limit response procedures.

Facility layout changes: removing sinks and drains from Grade A/B areas, a requirement that can force complete utility relocation in older

buildings.

Media fill program expansion: planning for the typical 5,000-to-10,000-unit APS scale, ensuring small-batch APS container counts at least equal

the production batch size, adding the twice-yearly revalidation cadence per line, per shift, and adjusting acceptance criteria to the zero-growth

target.

Glove and sleeve integrity testing: setting isolator testing at least at the beginning and end of each batch or campaign, while defining periodic

RABS integrity testing and visual examination with each use.

Because the CCS explicitly demands cross-functional, ongoing risk governance rather than a one-time engineering project, many manufacturers have

turned to external advisory support to build or audit the document and its governance cadence, rather than treat Annex 1 purely as a facilities and

equipment procurement exercise. Advisory firms serving the life-sciences sector, including consultancies like IntuitionLabs, describe this kind of work

as "advisory services for maintaining compliance with industry regulations" (Source: intuitionlabs.ai), grounded in "deep understanding of

pharmaceutical and life sciences operations and regulations" (Source: intuitionlabs.ai) rather than in selling barrier-system hardware. That distinction

matters operationally: a CCS gap analysis, a QRM facilitation exercise, or a regulatory-documentation review is a fundamentally different engagement

than an isolator installation project, and manufacturers assembling their compliance program typically need both an engineering integrator and a

quality/regulatory advisory partner, sourced separately, to close out the full scope of Annex 1 obligations.

Data Analysis and Evidence

The following are third-party market-research estimates for segments adjacent to Annex 1 compliance; they do not establish the scale of Annex 1

compliance costs, actual industry-wide capital deployment, or a causal relationship between Annex 1 and market growth. Grand View Research
values the global sterile injectables CDMO market at $37.82 billion in 2025, projected to reach $87.34 billion by 2033, an 11.2% compound
annual growth rate (CAGR) (Source: grandviewresearch.com) (Source: grandviewresearch.com). The same firm sizes the global aseptic filling
machine market at $1,448.4 million in 2025, rising to $2,093.5 million by 2033 at a 4.9% CAGR (Source: grandviewresearch.com), the global

contamination control equipment market at $5,656.0 million in 2025 (Source: grandviewresearch.com), and the US pharmaceutical isolators
market specifically at $177.3 million in 2025 (Source: grandviewresearch.com). The broader sterile injectable contract manufacturing market was

valued at $15,997.7 million in 2024, projected to reach $31,884.4 million by 2030 (Source: grandviewresearch.com), and it sits inside a global

biologics market Grand View Research pegs at $400.02 billion in 2024, growing to $653.34 billion by 2030 (Source: grandviewresearch.com).

Separately, Mordor Intelligence values the global cleanroom technology market at $10.04 billion in 2025, forecast to reach $14.88 billion by 2031

at a 6.78% CAGR, with pharmaceutical manufacturing the single largest end-use segment at 41.85% share (Source: mordorintelligence.com).

Table 3 below consolidates these figures into a single reference view of the Annex-1-adjacent market landscape.
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MARKET SEGMENT 2024/2025 SIZE FORECAST SIZE CAGR SOURCE

Sterile injectables CDMO $37.82B (2025) $87.34B (2033) 11.2% Grand View Research

Aseptic filling machines $1,448.4M (2025) $2,093.5M (2033) 4.9% Grand View Research

Contamination control equipment $5,656.0M (2025) n/a n/a Grand View Research

US pharmaceutical isolators $177.3M (2025) n/a n/a Grand View Research

Sterile injectable contract manufacturing $15,997.7M (2024) $31,884.4M (2030) n/a Grand View Research

Global biologics $400.02B (2024) $653.34B (2030) n/a Grand View Research

Cleanroom technology $10.04B (2025) $14.88B (2031) 6.78% Mordor Intelligence

These figures come from different research firms using different scope definitions and forecast horizons, and readers should treat cross-firm

comparisons as directional rather than strictly additive. Grand View Research's sterile injectables CDMO figure, for instance, covers contract

manufacturing revenue specifically, while Mordor Intelligence's cleanroom technology figure covers equipment and services sold across all end-use

industries, of which pharmaceutical manufacturing is the largest but not the only segment. Even accounting for these definitional differences, the

figures show mixed growth rates across Annex 1-adjacent segments: the sterile injectables CDMO market is projected to grow at a double-digit rate,

while aseptic filling machines and cleanroom technology have lower projected CAGRs. The data nevertheless indicate continued capital deployment

into contamination-control infrastructure across the industry.

The recall and enforcement data reinforce why regulators consider this spending justified. A peer-reviewed ten-year analysis of FDA recall data found

that "on average, 330 drug recalls are initiated each year, showing an overall increasing trend" between 2012 and 2023 (Source:

pubmed.ncbi.nlm.nih.gov), and that "the most frequent cause of these recalls was found to be impurities and contaminants (37%)" (Source:

pubmed.ncbi.nlm.nih.gov), with Class I, life-threatening recalls accounting for 14% of the total. A trade-journal analysis of FDA enforcement reports

from 2012 to 2019 focused specifically on sterile products found that "most sterile drugs (1056) were recalled by the lack of sterility assurance"

(Source: americanpharmaceuticalreview.com), with unidentified microbial contamination behind the large majority of those events. Concrete FDA

recall records illustrate the pattern at the individual-batch level: IntegraDose Compounding Services voluntarily recalled nine lots of cefazolin

injection in 2021 "due to a lack of sterility assurance" (Source: fda.gov), more recently Staska Pharmaceuticals issued a nationwide recall of

Ascorbic Acid Solution for Injection in October 2024 after finding "the presence of glass particulates" (Source: fda.gov), and Amneal Pharmaceuticals
recalled two lots of Ropivacaine Hydrochloride Injection in April 2025 after determining "the products may contain an inert fiber identified as

polypropylene fibers from the IV bag" (Source: investors.amneal.com). Read together, the recall statistics and the market-growth figures point in the

same direction: contamination-related failures remain a leading, quantifiable driver of sterile drug recalls even as capital investment in the barrier and

monitoring technology meant to prevent them accelerates.

Membership scope matters for manufacturers weighing which regulatory framework governs their largest export markets. PIC/S comprised 56

Participating Authorities as of 31 December 2023, the year Annex 1 took effect (Source: picscheme.org), and grew to 57 Participating Authorities as

of 1 January 2026 with the accession of Jordan's Food and Drug Administration (Source: picscheme.org). PIC/S reports that its Annex 1 text is

identical to the EU text except for very minor editorial differences. That common text may help manufacturers align their technical approach across

markets, but jurisdiction-specific legal requirements and enforcement should be confirmed with each competent authority.

Case Studies and Real-World Examples

White Raven: An Early Annex 1-Native Facility (Belgium)

White Raven, a Belgian contract development and manufacturing organization, reports that its GMP certification for aseptic fill-finish operations was

processed under the revised EudraLex Annex 1 guideline (Source: whiteraven.bio). Rather than choosing between conventional RABS and isolator

technology, the facility deployed Cytiva's SA25 robotic gloveless fill-finish workcell, which the company says removes contamination risk "by

eliminating human interaction," offering "enhanced sterility assurance" (Source: whiteraven.bio), an approach that goes beyond Annex 1's minimum
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expectations by removing manual glove intervention entirely. The project timeline is instructive for capital planning purposes: the facility moved from

project kickoff to GMP certification in roughly 18 months, from September 2023 to February 2025 (Source: whiteraven.bio), a benchmark timeline

other CDMOs weighing new-build versus retrofit strategies frequently cite.

Upperton Pharma Solutions: A CCS-Driven Isolator Design (United Kingdom)

UK-based CDMO Upperton Pharma Solutions submitted an MHRA licence application for a £7 million sterile manufacturing facility engineered

specifically against the 2023 revision. The company's public materials describe incorporating Pre-Use Post-Sterilisation Integrity Testing (PUPSIT)
explicitly "to comply with Annex 1" (Source: pharmafocuseurope.com), and building its Contamination Control Strategy around "two GMP Grade A

isolator environments within Grade C cleanroom suites" (Source: pharmafocuseurope.com), a design that follows the Grade C minimum background

threshold set out earlier in this report almost to the letter. The case illustrates how the CCS requirement and barrier-technology selection are now

designed together from the earliest facility planning stages, rather than sequenced as separate engineering and quality workstreams.

Fagron Compounding Services: Enforcement After Sterility Failure (United States)

FDA issued Warning Letter 698861 to Fagron Compounding Services, LLC (doing business as Fagron Sterile Services, Wichita, Kansas) on

December 19, 2024, after an investigator "noted serious deficiencies in your practices for producing drug products intended or expected to be sterile,

which put patients at risk" (Source: fda.gov). The letter references the firm's own voluntary recall of "four lots of Lidocaine HCl Injection, 2% due to

lack of sterility assurance" initiated on August 15, 2024 (Source: fda.gov). Fagron's parent company acknowledged the matter in investor

communications, stating "there has been no material impact on the business" (Source: investors.fagron.com), a useful reminder that contamination-

control enforcement actions carry regulatory and reputational consequences that do not always show up immediately in financial disclosures, even as

they consume significant quality and remediation resources.

Intas Pharmaceuticals: Particle Contamination and Import Restriction (India)

FDA's November 21, 2023 warning letter to Intas Pharmaceuticals Limited, covering its Ahmedabad, India facility, acknowledged "your voluntary

recall of batches of drug products due to particle contamination identified in product retain samples" (Source: fda.gov) and found the firm routinely

failed to investigate non-viable particle count excursions in its ISO 5 aseptic areas, noting that "excessive particulates in the ISO 5 environment can

lead to non-viable or biological contamination of sterile drug products" (Source: fda.gov). A related, associated Intas facility in Sanand, Gujarat was

placed under FDA Import Alert 66-40, meaning "all future shipments of drugs... may be refused admission" into the United States (Source: fda.gov),

illustrating the commercial stakes attached to environmental monitoring rigor.

Pharmaceutics International Inc.: A Pre-Revision Precedent (United States)

A joint MHRA and FDA inspection of Pharmaceutics International Inc., a Maryland-based sterile manufacturer, found major deficiencies including

"insufficient control of aseptic operations to provide the required level of sterility assurance" (Source: ema.europa.eu). The UK's Medicines and

Healthcare products Regulatory Agency (MHRA) subsequently issued a formal GMP Statement of Non-Compliance on 15 June 2016, "recommending

a restriction of supply in the EU and the recall of the medicinal products" from the site (Source: ema.europa.eu). Because this action predates the

2023 Annex 1 revision by seven years, it should be read as a pre-revision precedent, not a direct Annex 1 citation, but it demonstrates that the

underlying deficiency category, insufficient control of aseptic operations, is exactly the failure mode the revised CCS requirement and tightened

environmental monitoring provisions were designed to prevent, and it shows that joint MHRA-FDA enforcement cooperation on sterility assurance

predates and helped inform the current regulatory alignment discussed earlier in this report.

Implications and Future Directions

The trajectory since 2023 points toward continued convergence between EU and US sterile manufacturing expectations, even without a formal FDA

rewrite of its 2004 aseptic processing guidance. USP's draft <1110> chapter suggests the pharmacopeial route, rather than direct FDA guidance

revision, is likely to be how the United States absorbs Annex 1-style CCS thinking into its own compliance infrastructure, and the explicit "closely

mirror" language used by European trade press to describe recent FDA warning letters suggests inspectors on both sides of the Atlantic are already

applying substantively similar expectations in practice, whatever the underlying text says (Source: europeanpharmaceuticalreview.com).

Barrier technology adoption is likely to keep shifting toward isolators and increasingly toward gloveless, robotic fill-finish systems of the kind White

Raven deployed, since the total cost of a lower-grade Grade C or D background room can offset a higher isolator equipment cost, and since

automated bio-decontamination reduces reliance on the operator-driven interventions that generated so many of the enforcement findings reviewed

above, from Daewoo's exposed skin observation to International Medication Systems Limited's non-compliant RABS design (Source: fda.gov). Growth
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projections support continued capital deployment in this direction: the 11.2% CAGR projected for the sterile injectables CDMO market and the 41.85%
pharmaceutical share of the cleanroom technology market both imply years of sustained facility investment ahead (Source: grandviewresearch.com)

(Source: mordorintelligence.com).

For quality and regulatory leaders, the more durable shift may be organizational rather than technological. A CCS that is genuinely useful, as opposed

to a document assembled once to satisfy an inspector, has to be treated as a living artifact revisited after every deviation and process change,

effectively mandating a standing, cross-functional governance function that most facilities did not previously operate at this level of formality. That is

the specific gap advisory and regulatory-compliance consultancies serving the life-sciences sector, a category that includes firms like IntuitionLabs,

are positioned to help close, not as an alternative to engineering investment in isolators and monitoring instrumentation, but as the documentation,

risk-assessment, and governance layer that sits alongside it (Source: intuitionlabs.ai). As PIC/S membership continues to expand (57 authorities as of

January 2026 and growing) (Source: picscheme.org), the practical reach of Annex 1-equivalent expectations will only widen, making CCS competence

a durable, rather than transitional, capability requirement for any manufacturer selling into global sterile injectable markets.

Frequently Asked Questions (FAQs)

What is a Contamination Control Strategy under Annex 1? Annex 1 says a CCS should be implemented across the facility to define critical control

points and assess the effectiveness of controls and monitoring measures. It should be actively reviewed and, where appropriate, updated using quality

risk management principles; its elements should include, but are not limited to, plant and process design, personnel, utilities, materials, validation, and

monitoring. Health Canada's harmonized guidance describes environmental monitoring as forming "part of the overall contamination control strategy

(CCS)" (Source: canada.ca).

What is the difference between a RABS and an isolator? A RABS uses a rigid-wall enclosure with integrated gloves and requires at least a Grade

B background room; an isolator provides continuous, uncompromised isolation and, per Tim Sandle's analysis, "do[es] not need to be located in a

Grade B zone" (Source: aminstruments.com), at the cost of higher equipment complexity and mandatory automated sporicidal decontamination

cycles.

What is PUPSIT and how does it relate to Annex 1? Pre-Use Post-Sterilisation Integrity Testing (PUPSIT) is the integrity test performed after

sterilisation and before use to check for damage or loss of integrity caused by filter preparation before use. Annex 1 separately requires a non-

destructive post-use integrity test before the filter is removed from its housing. Annex 1 recognizes that PUPSIT may not always be possible because

of process constraints, for example filtration of very small solution volumes. In those cases, an alternative approach may be used when a thorough

risk assessment has been performed and appropriate controls mitigate the risk of a non-integral filtration system. Upperton Pharma Solutions, for

example, states that it incorporated PUPSIT in its new UK sterile manufacturing facility to comply with Annex 1 (Source: pharmafocuseurope.com).

When did the revised Annex 1 become mandatory? The core text came into operation on 25 August 2023; only point 8.123, on lyophilizer

sterilization frequency, was deferred to 25 August 2024. Both deadlines have passed as of this report's August 2026 publication date.

What are the Grade A environmental monitoring requirements? Grade A zones require continuous particle monitoring at a minimum sample flow

of 28 litres per minute, maximum total particle counts of 3,520/m3 at 0.5 micrometers and 29/m3 at 5 micrometers at rest and in operation alike

(Source: canada.ca), and settle plates changed at least every 4 hours.

Does the FDA require a Contamination Control Strategy like Annex 1? Not directly. FDA's 2004 aseptic processing guidance does not use the

term, though the U.S. Pharmacopeia's 2025 draft chapter USP <1110> defines a near-identical concept, and recent FDA warning letters increasingly

cite deficiencies that trade press describes as mirroring Annex 1 expectations in substance (Source: westpharma.com) (Source:

europeanpharmaceuticalreview.com).

How many PIC/S Participating Authorities are there? As of 1 January 2026, PIC/S reported 57 Participating Authorities (Source: picscheme.org).

PIC/S states that its revised Annex 1 text is essentially identical to the EU text apart from minor editorial differences, but applicability and enforceability

are jurisdiction-specific and should be confirmed with the relevant competent authority (Source: picscheme.org).

Conclusion

The revised EU GMP Annex 1 brings contamination controls into a facility-wide Contamination Control Strategy that should be actively reviewed and,

where appropriate, updated. It also provides Grade A monitoring expectations, risk-based RABS and isolator background-grade provisions, and a

zero-growth target for aseptic process simulation. Both compliance deadlines, 25 August 2023 for the core text and 25 August 2024 for lyophilizer-

specific point 8.123, have passed. PIC/S had 57 Participating Authorities as of January 2026, and its Annex 1 text is identical to the EU text except for
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very minor editorial differences; manufacturers should nevertheless confirm the requirements applicable in each jurisdiction. The United States has

not adopted equivalent binding language, but USP's 2025 draft chapter and a steady drumbeat of FDA warning letters citing contamination-control,

environmental-monitoring, and RABS-design failures suggest the substantive gap between the two regimes is narrower than the textual gap implies. A

third-party survey reported that roughly three in ten respondents had facility-upgrade costs exceeding two million dollars; this self-reported result

should not be generalized to the whole industry. Separate third-party market estimates project growth in sterile-injectables CDMO and cleanroom-

technology markets, but do not establish that compliance costs caused that growth. For manufacturers and CDMOs, Annex 1 supports an ongoing,

cross-functional contamination-control approach that should be documented, periodically reviewed, and updated where appropriate through the

pharmaceutical quality system.

Tags: annex 1, aseptic processing, contamination control strategy, eu gmp annex 1, rabs vs isolator, environmental monitoring, grade a cleanroom,

fda warning letters, sterile manufacturing, pic/s
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market in custom AI
software development and pharma implementations with proven results across public biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US AI consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance expertise for

pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based AI expert with 20+ years in software development, multiple

successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP systems with advanced
analytics and regulatory compliance capabilities.

Private AI Infrastructure: Secure air-gapped AI deployments, on-premise LLM hosting, and private cloud AI infrastructure for pharmaceutical

companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated document analysis, and
intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force applications with

advanced analytics and reporting capabilities.

AI Chatbot Development: Create intelligent medical information chatbots, GenAI sales assistants, and automated customer service solutions

for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management solutions, and regulatory
compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time pharmaceutical market

intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data visualization solutions
for pharmaceutical insights.

Leading Claude & ChatGPT AI Enablement and Training: Help biotech and pharmaceutical teams adopt Claude and ChatGPT through

practical training, governed workflows, use-case development, and implementation designed for regulated environments.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation guidance for

pharmaceutical organizations adopting AI technologies.

Contact founder Adrien Laurent and team at intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations or warranties of
any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable for any loss or

damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising from the use of information
presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-generated content may contain errors,
omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their respective owners. All

company, product, and service names used in this document are for identification purposes only. Use of these names, logos, trademarks, and brands
does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading AI software development firm specializing exclusively in pharmaceutical and biotech companies. As the

premier US-based AI software development company for drug development and commercialization, we deliver cutting-edge custom AI applications,
private LLM infrastructure, document processing systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by

Adrien Laurent, a top AI expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult with appropriate

qualified professionals.

© 2026 IntuitionLabs.ai. All rights reserved.

Annex 1 Aseptic Processing Contamination Control Strategy Guide

Page 13 of 13

https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/?utm_source=pdf
https://www.linkedin.com/in/adrienlaurent/
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/articles/annex-1-aseptic-processing-contamination-control

