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Cleanroom Classification: 1ISO 14644 vs EU GMP Grades A-D

Executive Summary

ISO 14644-1 is a cross-industry cleanroom particle-classification standard, including for life-sciences and semiconductor facilities. EU GMP Annex 1 is
separate guidance for the manufacture of sterile medicinal products, where it overlays particle classification with pharmaceutical contamination-control
expectations. 1ISO 14644-1:2015, maintained by ISO Technical Committee 209, "specifies the classification of air cleanliness in terms of concentration
of airborne particles in cleanrooms and clean zones" (Source: www.iso.org), defining air cleanliness purely by non-viable particle concentration across
nine classes, 1SO Class 1 (cleanest) through 1SO Class 9, based on patrticle counts from 0.1 um to 5 um (Source: theccnetwork.org). EU GMP Annex
1, revised by the European Commission on 22 August 2022 and effective from 25 August 2023 (Source: health.ec.europa.eu), layers a regulatory
grading system, Grades A, B, C, and D, specifically for the manufacture of sterile medicinal products, combining particle limits with mandatory viable
(microbial) contamination limits (Source: picscheme.org).

The two systems are numerically harmonized rather than competing. Grade A and Grade B "at rest" both carry the same qualification limit as 1ISO
Class 5, 3,520 particles per cubic meter at 0.5 um and larger (Source: health.ec.europa.eu); Grade B "in operation" and Grade C "at rest" both align

with ISO Class 7 (Source: www.achengineering.com), and Grade D "at rest" aligns with ISO Class 8 (Source: www.achengineering.com). These
thresholds also map to the retired US Federal Standard 209E, whose Class 100 corresponds to ISO Class 5 and whose Class 100,000 corresponds
to ISO Class 8, according to FDA's own aseptic processing guidance (Source: www.fda.gov) (Source: www.fda.gov). FS209E was formally cancelled

by the US government on November 29, 2001, and superseded by the ISO 14644 series (Source: www.iest.org) (Source: everyspec.com).

Where the two frameworks diverge is scope: ISO 14644-1 says nothing about microorganisms (Source: www.iso.org), while EU GMP Annex 1
mandates continuous viable and non-viable monitoring in Grade A zones, sets colony-forming-unit (CFU) limits escalating from zero growth in Grade A
to 200 CFU/m3 in Grade D, and requires a facility-wide Contamination Control Strategy (CCS) new to the 2022 revision (Source:
health.ec.europa.eu). Requalification cadence also differs by design intent: ISO 14644-2:2015 defaults to annual reclassification but allows risk-based

extension after it removed the older fixed testing-frequency tables (Source: www.pharmout.net), while Annex 1 fixes Grade A/B requalification at a
maximum six-month interval and Grade C/D at twelve months.

Market data corroborate the compliance stakes. MarketsandMarkets values the global cleanroom technologies market at USD 8.85 billion in 2025,
rising to USD 9.39 billion in 2026 and a projected USD 12.93 billion by 2031 at a 6.6% compound annual growth rate, attributing part of that growth
explicitly to "stricter compliance requirements under EU GMP Annex 1, ISO 14644 revisions" (Source: www.marketsandmarkets.com), with the

pharmaceutical industry holding a 48.5% end-use share in 2025 (Source: www.marketsandmarkets.com). Recent FDA warning_letters against

Optikem International (Source: www.fda.gov), Eugia Pharma Specialities (Source: www.fda.gov), and International Medication Systems Limited
(Source: www.fda.gov) each cite environmental monitoring or classified-area failures traced directly to ISO-classified zones, illustrating that
classification on paper does not guarantee sustained contamination control in practice.

This report walks through both frameworks in detail, compares their particle limits by occupancy state, examines viable-contamination and
engineering-parameter requirements, and reviews five named real-world cases, three regulatory enforcement actions, one recall, and one capital
investment, that demonstrate how these standards operate under actual manufacturing conditions as of August 2026.

Introduction and Background

A cleanroom is an engineered, controlled environment in which airborne particulate contamination is limited to specified levels through filtration, air
change rates, pressurization, and procedural controls. Cleanrooms underpin sterile pharmaceutical manufacturing, cell and gene therapy production,

medical device assembly, and semiconductor fabrication, industries in which even microscopic particulate or microbial contamination can compromise

patient safety or product yield. Two classification frameworks dominate discussion of cleanroom standards, and manufacturers researching how to
reconcile ISO 14644 with EU GMP Grades A through D are typically doing so for a specific facility design, audit, or qualification project rather than out
of academic interest.
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ISO 14644-1:2015, titled "Classification of air cleanliness by particle concentration,” is the international standard maintained by ISO Technical
Committee 209 and used across every industry that operates cleanrooms, not pharmaceuticals alone (Source: www.iso.org). It classifies air
cleanliness purely by counting airborne particles of specified sizes and assigning a numeric 1ISO Class from 1 to 9 (Source: theccnetwork.org). EU
GMP Annex 1, part of EudraLex Volume 4, is European Commission GMP guidance for the manufacture of sterile medicinal products. It assists
national authorities in applying EU medicines legislation and is not a standalone regulation. It was jointly developed with the Pharmaceutical
Inspection Co-operation Scheme (PIC/S), the European Medicines Agency (EMA), and the World Health Organization (WHO) (Source:
picscheme.org), and through PIC/S its practical reach extends to dozens of participating regulatory authorities worldwide, a scope PIC/S documents in
its own published guidance tracing the Annex back to a 1971 recommendation (Source: picscheme.org). Annex 1 assigns Grades A through D based
on the criticality of the manufacturing step and layers viable (microbiological) monitoring requirements on top of ISO-derived particle thresholds.

Historically, a third system shaped the vocabulary still used on plant floors: the US Federal Standard 209E, which classified cleanrooms as "Class
100," "Class 10,000," and "Class 100,000." FS209E was formally cancelled by the US government's General Services Administration on November
29, 2001 (Source: www.iest.org), and explicitly superseded by the ISO 14644 series, yet the terminology persists in FDA guidance (Source:
www.fda.gov), industry conversation, and even in some facility documentation more than two decades later.

As of August 2026, EU GMP Annex 1's 2022 revision has been fully in force for roughly three years, including its final delayed provision on lyophilizer
sterilization, which took effect 25 August 2024 (Source: health.ec.europa.eu). Life-sciences manufacturers, contract development and manufacturing

organizations (CDMOs), and their advisors are still absorbing the operational implications, particularly the Contamination Control Strategy and the
revised viable-monitoring expectations, which Annex 1 frames through Quality Risk Management. Advisory practices working across regulatory
compliance and quality-system digitization, including Al and life-sciences consultancies such as IntuitionLabs, report that classification-and-
compliance work increasingly requires reconciling multiple overlapping frameworks, FDA, EU, and ISO, rather than applying a single national standard
in isolation, reflecting the built-in-compliance orientation such firms bring to regulated manufacturing engagements (Source: intuitionlabs.ai). The
remainder of this report examines ISO 14644 and EU GMP Annex 1 Grades A through D individually, then builds a direct crosswalk, quantifies the
particle, microbial, and engineering limits at stake, and reviews recent named cases in which classification requirements were, or were not,
successfully sustained.

ISO 14644: The International Particle-Count Standard

Capabilities

ISO 14644-1:2015 "specifies the classification of air cleanliness in terms of concentration of airborne particles in cleanrooms and clean zones"
(Source: www.iso.org). Classification is restricted to a defined particle-size window: "particle populations having cumulative distributions based on
threshold (lower limit) particle sizes ranging from 0,1 um to 5 um are considered for classification purposes” (Source: www.iso.org), and measurement
relies on "light scattering (discrete) airborne particle counters (LSAPC)" as "the basis for determination of the concentration of airborne particles"
(Source: www.iso.org). For particles larger than the classified range, an "M descriptor (see Annex C) may be used to quantify populations of
macroparticles" (Source: www.iso.org), a category PharmOut describes as covering any particle with an equivalent diameter of 5.0 um or larger
(Source: www.pharmout.net).

Classification limits are governed by a defined mathematical relationship between class number and particle size, expressed as Cn = 10N multiplied
by (0.1 divided by D) raised to the power 2.08, where N is the ISO Class number and D is the particle diameter in micrometers (Source:
theccnetwork.org). A peer-reviewed engineering paper indexed on PubMed Central confirms the ISO exponent used in that calculation, noting that "n
= 2.08 in JIS B9920 and 1SO14644-1, and n = 2 in CEN/TC243" (Source: pmc.nchi.nlm.nih.gov), distinguishing the 1SO approach from earlier
European formulas. The resulting nine-tier scale runs from "ISO Class 1 to ISO Class 9" (Source: theccnetwork.org), with ISO Class 1 representing

the cleanest achievable environment and ISO Class 9 approximating uncontrolled room air.

The standard also defines occupancy states in which classification testing occurs. Companion standard ISO 14644-3:2019 specifies performance
tests for two airflow types, in three possible occupancy states: "as-built, at-rest and operational” (Source: www.iso.org). "As-built" describes a
completed cleanroom with all services connected but no equipment or personnel. "At-rest" adds installed equipment but no operating personnel.
"Operational" reflects the facility functioning with personnel present, the state that best represents real manufacturing risk.

ISO 14644-2:2015, the companion monitoring standard, "specifies minimum requirements for a monitoring plan for cleanroom or clean zone
performance related to air cleanliness by particle concentration" (Source: www.iso.org), but it explicitly excludes broader facility upkeep: it "does not
address condition monitoring of aspects such as vibration or general maintenance of the engineering systems" (Source: www.iso.org). Within a
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classified room, ISO 14644-1:2015 requires that "each sampling location is to be evaluated separately" rather than averaged across the room, a
stricter, per-location pass or fail standard (Source: www.pharmout.net).

Adoption

ISO 14644-1 traces back to work initiated by ISO/TC 209 in the early 1990s. A peer-reviewed source states the standard "was published on May 1,
1999, with the standard number 1SO14644-1" (Source: pmc.ncbi.nlim.nih.gov), an edition ISO's own catalog now marks as withdrawn, noting "New
version available: 1ISO 14644-1:2015" (Source: www.iso.org). That 1999 edition had already superseded the US Federal Standard 209E system
worldwide; FS209E was cancelled effective November 29, 2001, "superseded by International Organization for Standardization (ISO) Standards" per

the Institute of Environmental Sciences and Technology (IEST), the body the US General Services Administration designated as custodian of the
withdrawn standard (Source: www.iest.org).

Both Part 1 and Part 2 of ISO 14644 received their first substantive revisions in over a decade during 2015. PharmOut, a GMP consultancy, notes that
ISO 14644-1 saw its "first major revision since the original release in 1999" when it "was updated and approved as an International Standard in
October 2015 and published in December 2015" (Source: www.pharmout.net), while 1ISO 14644-2 underwent an equivalent first major revision on the
same timeline (Source: www.pharmout.net). ISO itself announced the update, stating "the first two in the series have just been updated to take into

account the latest technological developments and market requirements” and quoting the TC 209 leadership's view that "the two revised 1SO
standards will improve the ability to quantify and manage airborne particle contamination worldwide" (Source: www.iso.org). ISO 14644-1:2015 was
subsequently reviewed by ISO and "last reviewed and confirmed in 2021," meaning it "remains current" as of this report's publication date (Source:
WWW.iS0.0rg).

Strengths and Limitations

ISO 14644-1's principal strength is universality: a single, internationally recognized particle-count framework applies whether the facility manufactures
semiconductors, injectable drugs, or aerospace components, giving engineers, auditors, and regulators worldwide a common vocabulary of ISO
Classes. Its principal limitation, for pharmaceutical purposes, is scope: it classifies total airborne-particle concentration but cannot characterize particle
viability, and it does not prescribe glove-print testing, settle plates, or contamination-control governance, all of which are important to sterile drug
manufacturing. The 2015 revision also removed some of the statistical rigor manufacturers had relied on. PharmOut notes that "the 95% UCL (upper
confidence limit) evaluation for 2-9 sampling locations has been removed" from the classification methodology (Source: www.pharmout.net), and
reclassification is now governed by "a monitoring plan," replacing the older fixed testing-frequency tables that some quality teams found easier to audit
against (Source: www.pharmout.net). This is precisely the gap EU GMP Annex 1 is built to close for sterile manufacturing.

EU GMP Annex 1: Grades A-D for Sterile Manufacturing

Capabilities

EU GMP Annex 1, "Manufacture of Sterile Medicinal Products,” was adopted by the European Commission on 22 August 2022 under document
reference "C(2022) 5938 final" (Source: health.ec.europa.eu), with most provisions entering into force on "25 August 2023," one year after publication,

while the requirement in point 8.123 covering lyophilizer sterilization received a longer runway, effective "25 August 2024," two years after publication
(Source: health.ec.europa.eu).

The four grades are defined by function. Grade A is "the critical zone for high-risk operations (e.g. aseptic processing line, filling zone" (Source:
health.ec.europa.eu); Annex 1's illustrative activity tables list Grade A as required for "filling of products, when unusually at risk" during terminally

sterilized production, and for "aseptic assembly of filling equipment" during aseptic preparation. Grade B is defined as the room surrounding a Grade A
zone: "this is the background cleanroom for grade A (where it is not an isolator)" (Source: health.ec.europa.eu). Grades C and D cover "cleanrooms

used for carrying out less critical stages in the manufacture of aseptically filled sterile products” (Source: health.ec.europa.eu), such as component
preparation and equipment washing.

Annex 1's Table 1 sets the particle-count "qualification” limits underlying each grade. Grade A permits no more than 3,520 particles per cubic meter at
0.5 um and larger, in both the at-rest and in-operation states, the same numeric ceiling regardless of occupancy, while Grade D permits up to
3,520,000 particles per cubic meter at rest, with the in-operation limit deliberately left "Not predetermined," to be set by site-specific risk assessment
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(Source: health.ec.europa.eu). A separate Table 5 sets routine monitoring action limits distinct from the qualification limits in Table 1: for Grade A this
monitoring limit is 29 particles per cubic meter at 5 pm and larger, again identical whether the room is at rest or in operation (Source:
health.ec.europa.eu).

Where Annex 1 diverges most sharply from ISO 14644-1 is viable (microbial) contamination. Table 2 sets qualification limits by "Air sample CFU/m3"
and "Settle plates (diameter 90 mm) CFU/4 hours" (Source: health.ec.europa.eu), with Grade A qualification requiring "no growth" while B, C, and D

carry escalating numeric ceilings across air sample, settle plate, and contact plate methods. A related Table 6 sets routine viable-monitoring action
limits, including glove-print testing across both hands, with a Grade B action limit of 5 CFU per glove.

Requalification is time-bound by grade: "the maximum time interval for requalification of grade A & B areas, is 6 months" (Source:
health.ec.europa.eu) while "the maximum time interval for requalification of grade C & D areas, is 12 months" (Source: health.ec.europa.eu).
Engineering controls carry their own thresholds: unidirectional airflow systems, typically used to sustain Grade A conditions, should "provide a
homogeneous air speed in a range of 0.36 to 0.54 m/s (guidance value)" (Source: health.ec.europa.eu), and adjacent rooms of different grades
require an "air pressure difference of a minimum of 10 Pascals (guidance value)" (Source: health.ec.europa.eu).

The single largest structural change in the 2022 revision is the Contamination Control Strategy: "a Contamination Control Strategy (CCS) should be
implemented across the facility in order to define all critical control points" (Source: health.ec.europa.eu), converting classification from a static
qualification exercise into a continuously governed risk-management program. The CCS also governs newer isolation technologies: open isolators
require "a minimum of grade C" background (Source: health.ec.europa.eu), while restricted access barrier systems (RABS) used for aseptic
processing require "a minimum of grade B" background (Source: health.ec.europa.eu). The delayed point 8.123 requires that "lyophilizers that are
manually loaded or unloaded with no barrier technology separation should be sterilised before each load" (Source: health.ec.europa.eu), reflecting a
specific, hard-won lesson about freeze-dryer contamination risk in aseptic processing.

Adoption

Annex 1 has deep regulatory roots. PIC/S notes that "Annex 1 was first published in 1971 based on a PIC/S recommendation to ensure the sterility of
medicinal products" (Source: picscheme.org). The 2022 revision was explicitly a multilateral effort, described by PIC/S as "a best-in-class model of
international co-operation between EC, EMA, WHO, and PIC/S" (Source: picscheme.org). PIC/S itself adopted a parallel version, publishing that "the
date of entry into operation is aligned with that of the revised EU Annex 1, which is identical to PIC/S Annex 1" and confirming that its own version "will
enter into force on 25 August 2023, except for point 8.123 which is postponed until 25 August 2024" (Source: picscheme.org). Through PIC/S, Annex
1's practical reach extends well beyond the EU and European Economic Area into the dozens of participating regulatory authorities that mutually
recognize PIC/S GMP standards (Source: picscheme.org).

The FDA, by contrast, does not use the Grade A-D nomenclature in its own guidance; it references I1SO classes directly. FDA's aseptic processing
guidance instructs manufacturers to "maintain the entire aseptic filling room at Class 100 (ISO 5)" (Source: www.fda.gov) and recommends that "the
area immediately adjacent to the aseptic processing line meet, at a minimum, Class 10,000 (ISO 7) standards" (Source: www.fda.gov), while treating
"Class 100,000 (ISO 8)" as "appropriate for less critical activities" such as equipment cleaning (Source: www.fda.gov). This means a facility supplying
both EU and US markets typically must satisfy Annex 1's Grade requirements and FDA's ISO-class language simultaneously, a duplication of
vocabulary, though not of underlying physics, that complicates global quality documentation.

Strengths and Limitations

Annex 1's strength is comprehensiveness: it brings particle counting, viable monitoring, engineering controls, requalification cadence, and
contamination-control governance together in EU GMP guidance for sterile-product manufacture. The guidance is applied through Quality Risk
Management; where it specifies limits, frequencies, or ranges, it identifies them as minimum requirements. The 2022 revision also prompted
manufacturers to reassess environmental monitoring programs, document a facility-wide CCS, and, in the case of point 8.123, potentially redesign
lyophilizer loading procedures before the stated transition deadlines. Ambiguities remain by design: Grade D's in-operation particle limit is "Not
predetermined,"” which gives manufacturers flexibility but also shifts interpretive burden onto internal risk assessments that inspectors can and do
challenge (Source: health.ec.europa.eu).

Feature Comparison

Table 1 below consolidates the numeric crosswalk between 1SO 14644-1 classes, EU GMP Annex 1 grades, and the legacy US Federal Standard
209E classes, the single most requested comparison for anyone specifying or auditing a pharmaceutical cleanroom.
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ISsO LEGACY

PARTICLE LIMIT 20.5 EU GMP ANNEX 1 GRADE (OCCUPANCY
14644-1 FS209E TYPICAL USE

MM (PARTICLES/M3) STATE)
CLASS CLASS
ISO Not applicable at 0.5 ) ) No direct o L

No direct Grade A-D equivalent . Ultra-clean specialized applications

Class 1 um equivalent
ISO ) ) No direct o L

4 No direct Grade A-D equivalent . Ultra-clean specialized applications
Class 2 equivalent
ISO . ) Semiconductor and precision

35 No direct Grade A-D equivalent Class 1 .
Class 3 applications
ISO . ) Semiconductor and precision

352 No direct Grade A-D equivalent Class 10 L
Class 4 applications

Grade A (at rest and in operation) and Grade B

. . Aseptic filling, critical zone,
(at rest) share this 20.5 pm limit only; Annex 1

ISO o e RABS/isolator interior (Source:
3,520 specifies no =5 um classification limit for these Class 100
Class 5 L L health.ec.europa.eu) (Source:
states unless justified by the CCS or historical
www.fda.gov)
trends
ISO . . Controlled manufacturing and
35,200 No direct Grade A-D equivalent Class 1,000
Class 6 support areas
Aseptic preparation background,
ISO Grade B (in operation); Grade C (at rest), at Class plic prep ) g
352,000 component staging (Source:
Class 7 >0.5 um only 10,000
www.fda.gov)
) ) Less-critical manufacturing,
ISO Grade C (in operation); Grade D (at rest), at Class . . -
3,520,000 equipment washing, gowning
Class 8 20.5 um only 100,000
(Source: www.fda.gov)
ISO . ) No direct . .
35,200,000 No direct Grade A-D equivalent . Approximates uncontrolled room air
Class 9 equivalent

The crosswalk is not a coincidence. A trade-press technical review of the harmonization process confirms that in aligning Annex 1 with ISO 14644-1,
"ISO Class 5 was assigned to Grade B at rest with a limit 29 particles" for the 5 um size band (Source: cleanroomtechnology.com), matching Annex

1's own Table 5 monitoring limit for Grade A. Independently, an engineering consultancy's comparison confirms that "Grade B aligns with ISO 5 at rest
and I1SO 7 in operation" and that "Grade C aligns with ISO 7 at rest and 1SO 8 in operation. Grade D aligns with ISO 8 at rest, while its in-operation
limit is not predetermined and should be based on risk and routine data where applicable" (Source: www.achengineering.com).

These shared =0.5 um thresholds are descriptive, not a statement of complete equivalence. 1ISO's own standards catalog confirms that ISO 14644-
1:2015 remains the current, actively maintained edition (Source: www.iso.org), and the companion classification standard 1SO 14644-3 continues to
define the as-built, at-rest, and operational test states referenced throughout both ISO and Annex 1 documentation (Source: www.iso.org). PIC/S's
ongoing maintenance of an Annex 1 text explicitly identical to the EU version (Source: picscheme.org) and the peer-reviewed confirmation of ISO
14644-1's distinguishing mathematical exponent (Source: pmc.ncbi.nlm.nih.gov) together indicate that the crosswalk in Table 1 reflects a durable

technical relationship rather than a temporary regulatory coincidence.

In practical terms, 1ISO Class 5 classification may demonstrate conformity with the corresponding =0.5 um particle limit, but it does not establish Grade
A or Grade B qualification. Annex 1 qualification must follow its own particle, microbiological, monitoring, requalification, and Contamination Control
Strategy requirements, including the site’s approved CCS. “ISO 5" and “Grade A” should therefore be documented as distinct claims. For engineering

Page 5 of 13


https://health.ec.europa.eu/system/files/2022-08/20220825_gmp-an1_en_0.pdf
https://www.fda.gov/media/71026/download#:~:text=maintain%20the%20entire%20aseptic%20filling%20room%20at%20Class%20100%20%28ISO%205%29
https://www.fda.gov/media/71026/download#:~:text=FDA%20recommends%20that%20the%20area%20immediately%20adjacent%20to%20the%20aseptic%20processing%20line%20meet%2C%20at%20a%20minimum%2C%20Class%2010%2C000%20%28ISO%207%29%20standards
https://www.fda.gov/media/71026/download#:~:text=Class%20100%2C000%20%28ISO%208%29%20air%20cleanliness%20level%20is%20appropriate%20for%20less%20critical%20activities
https://cleanroomtechnology.com/harmonisation-of-annex-1-and-iso-14644-1-a-deeper-look-199445#:~:text=ISO%20Class%205%20was%20assigned%20to%20Grade%20B%20at%20rest%20with%20a%20limit%2029%20particles
https://www.achengineering.com/gmp-annex-1-cleanroom-grades-vs-iso-classes/#:~:text=Grade%20C%20aligns%20with%20ISO%207%20at%20rest%20and%20ISO%208%20in%20operation
https://www.iso.org/standard/53394.html#:~:text=This%20publication%20was%20last%20reviewed%20and%20confirmed%20in%202021
https://www.iso.org/standard/60598.html#:~:text=three%20possible%20occupancy%20states%3A%20as-built%2C%20at-rest%20and%20operational
https://picscheme.org/en/news/publication-of-revised-pics-annex-1#:~:text=The%20date%20of%20entry%20into%20operation%20is%20aligned%20with%20that%20of%20the%20revised%20EU%20Annex%201%2C%20which%20is%20identical%20to%20PIC%2FS%20Annex%201
https://pmc.ncbi.nlm.nih.gov/articles/PMC7498890/#:~:text=n%20%3D%202.08%20in%20JIS%20B9920%20and%20ISO14644-1%2C%20and%20n%20%3D%202%20in%20CEN%2FTC243
https://intuitionlabs.ai/?utm_source=pdf
https://intuitionlabs.ai/articles/cleanroom-classification-iso-14644-eu-gmp-grades

E IntuitionLabs

Cleanroom Classification: ISO 14644 vs EU GMP Grades A-D

specification purposes, the FS209E column above remains relevant chiefly for reading older facility documentation, since equipment vendors,

especially in the US, sometimes still describe filtration and airflow packages using "Class 100" or "Class 10,000" nomenclature even though the

standard itself has been cancelled since November 29, 2001 (Source: www.iest.org) (Source: everyspec.com).

Table 2 below extends the comparison to engineering and monitoring parameters, the operational details that a particle-class or grade label alone

does not convey.

PARAMETER

Unidirectional airflow velocity

Minimum pressure differential

Terminal filter efficiency

Background air changes per
hour

Reclassification/requalification
interval

HEPA filter integrity retest

ISO 14644 | FDA GUIDANCE VALUE

0.45 m/s, approximately 90 feet per minute,
for Class 100 (ISO 5) (Source: www.fda.gov)

10 to 15 Pascals between adjacent classified
rooms (Source: www.fda.gov)

HEPA retaining at least 99.97% of particulates
greater than 0.3 um (Source: www.fda.gov)

At least 20 air changes per hour typically
acceptable for Class 100,000 (ISO 8) support
rooms (Source: www.fda.gov)

Annual default under ISO 14644-2:2015,
extendable via documented risk assessment

(Source: www.pharmout.net)

Not fixed by ISO 14644-2 itself; site
monitoring plan dependent

EU GMP ANNEX 1 (2022) GUIDANCE VALUE

0.36 to 0.54 m/s guidance value for Grade A (Source:
health.ec.europa.eu)

10 Pascals minimum guidance value between
adjacent grades

H14 grade under EN 1822:2019 commonly specified,
99.995% effective against the Most Penetrating
Particle Size (Source: www.camfil.com)

No fixed figure restated in the 2022 text; governed by
the risk-based Contamination Control Strategy

6 months maximum for Grade A/B; 12 months
maximum for Grade C/D (Source:
health.ec.europa.eu)

Every 6 months for Grades A and B per WHO
cleanroom monitoring guidance (Source: dcvmn.org)

Table 2 shows that the two frameworks converge closely on physical engineering parameters, while airflow-velocity and pressure-differential guidance
differ only modestly. ISO 14644-2 delegates frequency decisions to a site-specific monitoring plan, whereas Annex 1 specifies maximum
requalification intervals by grade and applies air-change and filtration decisions through Quality Risk Management and the CCS rather than a single
universal number.

Classification Methodology, Testing, and Monitoring Requirements

Classifying and requalifying a cleanroom is a distinct, procedural exercise under both frameworks, and it is the step most frequently mishandled in
practice, as the case studies below illustrate.

Under ISO 14644-1:2015, determining how many sampling locations a room requires changed substantially from the prior edition. PharmOut,
summarizing the revision, notes the minimum-location calculation "has been replace[d] with a look-up table," although "a formula is still applicable for
cleanrooms greater than 1000 m2" (Source: www.pharmout.net). A WHO guidance document on cleanroom environmental monitoring, aligned to ISO

14644-1 methodology, describes the underlying area-based sampling-point rule as scaling with the room's dimensions, stating the calculation applies
"for a room with x square meters of surface area" (Source: dcvmn.org), and separately ties minimum sample volume to the regulatory concentration
limit for the class under test.

ISO 14644-2:2015 requires that "a monitoring plan shall be created, implemented and maintained" for every classified space (Source:
www.pharmout.net), replacing the fixed frequency tables of the 2000 edition and now defaulting to an annual reclassification cycle that "can be
extended based on a risk assessment," a requirement WHO's own vaccine-manufacturing guidance frames as essential for demonstrating ongoing
control (Source: dcvmn.org). The WHO guidance similarly instructs that "qualification results should be no older than 12 months to be valid" (Source:
devmn.org), and recommends “filter integrity testing at a frequency of every 6 months for Grades A and B" (Source: dcvmn.org), a cadence that
matches Annex 1's own six-month Grade A/B requalification interval.
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For the most critical zone, Annex 1 states that Grade A particle monitoring should be continuous and that continuous viable air monitoring should be
undertaken for the full duration of critical processing (Source: health.ec.europa.eu). The stated purpose of this program is to "provide assurance that

cleanrooms and clean air equipment continue to provide an environment of appropriate” cleanliness throughout production, not merely at the moment

of qualification (Source: health.ec.europa.eu). Industry practice generally applies continuous monitoring in Grade A, daily monitoring in Grade B, and
progressively less frequent monitoring in Grades C and D, consistent with the risk gradient the Annex itself establishes.

Engineering specification thresholds complete the picture. HEPA (High Efficiency Particulate Air) filtration is foundational to both frameworks: FDA's
aseptic processing guidance requires filters "capable of retaining at least 99.97 percent of particulates greater than 0.3" pum (Source: www.fda.gov),
while European practice for Grade A/B terminal filtration commonly specifies the higher-efficiency H14 grade under EN 1822:2019, "99.995% effective
against the" Most Penetrating Particle Size (Source: www.camfil.com). Airflow velocity guidance also converges closely: FDA specifies "a velocity of
0.45 meters/second (90 feet per minute)" for unidirectional Class 100 (ISO 5) zones (Source: www.fda.gov), close to Annex 1's 0.36 to 0.54 m/s
guidance band for Grade A. Pressure differential guidance is similarly close: FDA recommends "a positive pressure differential of at least 10-15
Pascals (Pa)" between adjacent rooms of different classification (Source: www.fda.gov), essentially matching Annex 1's 10 Pa minimum. For
background air-change guidance, FDA states that "airflow sufficient to achieve at least 20 air changes per hour is typically acceptable" for Class
100,000 (ISO 8) support rooms (Source: www.fda.gov); the current Annex 1 text does not restate a fixed air-change-per-hour figure for Grades B
through D, instead folding airflow design into the risk-based Contamination Control Strategy, a point worth flagging explicitly since older secondary
sources sometimes still cite fixed ACH numbers for EU Grade D that are no longer stated in the 2022 Annex 1 text itself.

Data Analysis and Evidence

Table 3 below sets out the maximum permitted microbiological (viable) contamination levels during Annex 1 qualification, which have no ISO 14644-1
counterpart.

GRADE AIR SAMPLE (CFUIM3) SETTLE PLATE, 90 MM, CFU/4 HOURS CONTACT PLATE, 55 MM, CFUIPLATE
Grade A No growth No growth No growth

Grade B 10 5 5

Grade C 100 50 25

Grade D 200 100 50

Source: EU GMP Annex 1, Table 2 (Source: health.ec.europa.eu).

The gradient in Table 3 is steep and deliberate: Grade A permits zero detectable colony-forming units by any of the three standard sampling methods,
while Grade D tolerates up to 200 CFU/m3 in air, forty times the Grade B limit. This is the clearest evidence that Annex 1 is not simply ISO 14644-1
with a label attached: a room can be perfectly compliant with ISO Class 5 particle counts and still fail Grade A qualification on a single positive settle
plate, because the viable-contamination criterion is independent of, and in practice often the harder constraint than, the particle-count criterion. Annex
1's routine action limits go further still, extending viable testing to glove-print sampling of both hands, with a numeric Grade B action limit of 5 CFU per
glove documented in the Annex's Table 6.

Complementing Table 3, requalification cadence data show the same risk gradient applied to time rather than concentration: Grade A and B areas
must be requalified at a maximum interval of six months, while Grade C and D areas may go a full twelve months between requalifications, a cadence
corroborated independently by WHO guidance recommending that "filter integrity testing at a frequency of every 6 months for Grades A and B"
accompany the same review cycle (Source: dcvmn.org).

Market data underscore how much capital and compliance activity now flows around these standards. MarketsandMarkets, a named market-research
firm, values "the global cleanroom technologies market" at "USD 8.85 billion in 2025, rising to "USD 9.39 billion in 2026" (Source:
www.marketsandmarkets.com), with a trajectory toward USD 12.93 billion by 2031 at a 6.6% compound annual growth rate for 2026 to 2031. The

pharmaceutical industry "dominated the market with a 48.5% share" of end-use demand in 2025 (Source: www.marketsandmarkets.com), confirming

that sterile drug manufacturing, and by extension Annex 1 compliance, is the single largest commercial application of cleanroom classification globally.
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These figures should be read alongside the standards-harmonization evidence presented earlier: because Annex 1's particle tables were deliberately
aligned to ISO 14644-1's class boundaries (Source: www.achengineering.com), capital spending on cleanroom infrastructure typically satisfies both

frameworks' particle-count requirements simultaneously, leaving viable-monitoring and CCS documentation, not physical construction, as the marginal
compliance cost of the 2022 revision. A parallel trade-press analysis of the harmonization process reaches the same conclusion, noting that Annex 1's
monitoring limit for Grade A was calibrated directly against the ISO Class 5 threshold (Source: cleanroomtechnology.com). WHO's own cleanroom

environmental monitoring guidance, developed for vaccine manufacturers operating across both EU and non-EU jurisdictions, applies the same
underlying ISO methodology to determine sampling locations and volumes regardless of which regulatory grade label a given market uses (Source:
dcvmn.org), reinforcing that the practical engineering work behind classification is more unified globally than the differing vocabularies might suggest.

Case Studies and Real-World Examples

Optikem International Inc.: Environmental Monitoring Failure in Sterile Ophthalmic
Manufacturing

In a warning letter dated June 20, 2024, the FDA cited Optikem International Inc., a contract manufacturer of sterile over-the-counter ophthalmic
products, stating that "your firm failed to ensure adequate environmental monitoring (EM) of classified areas" (Source: www.fda.gov). Inspectors
documented physical defects in the facility's own HEPA filtration system rather than merely a paperwork gap, observing "particle board between the
HEPA filter surfaces and housing, rust on HEPA filter frames" (Source: www.fda.gov), physical conditions inconsistent with sustaining any classified
air-cleanliness state. Over roughly two years, the agency "identified repeat recoveries of fungi and bacteria from your critical areas" (Source:
www.fda.gov), a pattern that would violate the viable-monitoring limits set out in Annex 1's Table 2 regardless of the room's particle-count
classification.

Eugia Pharma Specialities Limited: Falsified Records in ISO-Classified Zones

An FDA warning letter dated August 15, 2024 found that operators at Eugia Pharma Specialities Limited, a sterile injectables manufacturer, "falsified
environmental monitoring records for the ISO 5 and ISO 7 areas" of its aseptic filling lines (Source: www.fda.gov), directly invoking the ISO 14644-1
nomenclature this report's crosswalk maps to Grade A and Grade B/C conditions. Separately, an inadequately investigated vial breakage during a
media fill "resulted in 124 contaminated units" (Source: www.fda.gov), illustrating that record falsification, not merely a genuine contamination
excursion, was the agency's primary finding, an integrity failure that classification testing alone cannot detect.

International Medication Systems Limited: Gross Contamination in an ISO Class 5 Filling
Area

A warning letter dated July 2, 2026, one of the most recent enforcement actions available at the time of this report, found that environmental
monitoring plates from the 1ISO 5 aseptic filling area at International Medication Systems Limited, a manufacturer of sterile injectables including
epinephrine, "yielded a too-numerous-to-count result with confluent bacterial growth and numerous insect larvae" during an active production lot
(Source: www.fda.gov). FDA further determined that the firm's aseptic processing equipment, marketed as a restricted access barrier system (RABS),
lacked adequate engineering controls, stating that "these manually-intensive interventions pose a significant and repeated risk of microbial
contamination" within the ISO 5 zone (Source: www.fda.gov). This case is instructive precisely because the room's nominal classification, ISO Class 5,
was not in dispute. The failure was in the sustained operational control needed to keep a classified space at its rated condition during real
manufacturing activity, the same gap Annex 1's continuous-monitoring and CCS requirements are designed to close.

BD ChloraPrep and FREPP Recall: Fungal Contamination Traced to Environmental
Conditions

In June 2026, Becton, Dickinson and Company (BD) issued a nationwide recall notice, published on FDA's recall database, stating the company was
"voluntarily recalling lot 4032183 of ChloraPrep Clear 1 mL Single Sterile" applicators, along with related FREPP lots (Source: www.fda.gov). FDA's

notice attributes the defect to "potential fungal contamination under certain environmental conditions allowing the growth of Aspergillus penicillioides
(Source: www.fda.gov). Notably, the FDA recall notice itself does not use the words "cleanroom"” or reference a specific ISO class or Annex 1 grade,
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so this case should be read as a real, named, regulator-confirmed contamination recall illustrating the consequences of environmental control failure
broadly, rather than as direct evidence of a specific classification breach. It nonetheless underscores why manufacturers of any sterile or antiseptic
product, not only injectables, treat environmental monitoring and classification maintenance as production-critical.

Freudenberg Medical: Capital Investment in New ISO Class 5 Capacity

Not every recent case is an enforcement action. In April 2026, Freudenberg Medical, a global contract development and manufacturing organization,
"announced the launch of CleanAssure, a new ISO Class 5 controlled cleanroom" at its Kaiserslautern, Germany site, for cleaning, drying, and
gamma-sterilizing single-use assemblies supplied to biopharmaceutical customers (Source: www.medicaldesignandoutsourcing.com). The company

frames the investment explicitly in classification terms, citing the goal of "reducing cross-contamination risk through tightly controlled 1ISO Class 5
processing” (Source: www.medicaldesignandoutsourcing.com). This case is an example of a CDMO investment in ISO Class 5 controlled processing

for biopharmaceutical single-use assemblies. Freudenberg’s announcement describes contamination-risk reduction, cleaning validation, and supply
needs; it does not attribute the investment to the 2022 Annex 1 revision or to customer due-diligence standards.

Taken together, these five cases span the full spectrum of classification outcomes, from enforcement actions rooted in failed environmental monitoring
to a proactive capital investment explicitly marketed around ISO Class 5 assurance (Source: www.medicaldesignandoutsourcing.com). None of the

enforcement cases involved a dispute over which ISO Class or Annex 1 Grade nominally applied to the room in question, consistent with how closely
the two frameworks' particle thresholds are harmonized, a convergence the peer-reviewed literature traces to ISO 14644-1's defining mathematical
exponent (Source: pmc.nchi.nlm.nih.gov); every finding instead concerned whether the facility sustained that classification's monitoring and
governance obligations day to day.

Implications and Future Directions

The trajectory since 2015 has been toward tighter numeric convergence between 1ISO 14644-1 and EU GMP Annex 1, combined with a widening
scope gap in the other direction. Numerically, Annex 1's 2022 revision preserved and reinforced the ISO Class 5/7/8 particle thresholds already
embedded in its predecessor, and PIC/S's parallel adoption of an aligned Annex 1 text means the practical reach of this harmonized particle
framework now extends across the EU, EEA, and PIC/S's participating authorities rather than remaining a purely European requirement (Source:
picscheme.org). At the same time, Annex 1's scope keeps expanding beyond particle counting, into viable monitoring cadence, isolator and RABS
background-grade requirements, and, most significantly, the Contamination Control Strategy, none of which ISO 14644-1 addresses and none of
which shows signs of being rolled back.

For manufacturers and their advisors, this means classification can no longer be treated as a one-time engineering deliverable. An ISO Class 5
certificate can demonstrate only the relevant 1ISO particle classification; it does not by itself establish Grade A or Grade B qualification. Annex 1
qualification and continued compliance require the grade- and operation-appropriate controls, monitoring, requalification, and an actively reviewed
CCS. The FDA warning letters reviewed above show that the gap between "classified" and "in control" is where enforcement actions concentrate, not
in disputes over the classification methodology itself (Source: www.fda.gov). Advisory and quality-system engagements in this space, including Al-
enabled compliance and regulatory-consulting work such as that offered by IntuitionLabs, increasingly focus on maintaining and evidencing
continuous compliance against these overlapping frameworks rather than one-off classification testing, reflecting a broader shift toward regulatory
compliance as an ongoing operational discipline rather than a periodic audit event (Source: intuitionlabs.ai). That advisory orientation extends to
broader pharmaceutical operations work grounded in "deep understanding of pharmaceutical and life sciences operations and regulations" (Source:
intuitionlabs.ai), the same cross-framework literacy that classification and quality teams increasingly need when a single facility must satisfy 1SO, EU,
and FDA expectations simultaneously.

Cross-border engineering standardization continues to narrow practical differences between regions even as regulatory vocabulary remains split.
HEPA filtration technology has converged on shared international benchmarks: the EN 1822:2019 H14 grade referenced by European Grade A and B
specifiers is verified against the same Most Penetrating Particle Size methodology increasingly cited by global filter manufacturers (Source:
www.camfil.com). Independent reviews of the Annex 1 harmonization process continue to reference how closely the numeric particle tables track 1ISO
14644-1's own class boundaries (Source: cleanroomtechnology.com), a convergence corroborated separately by engineering consultancies that

publish grade-to-class mapping guidance for multinational manufacturers (Source: www.achengineering.com). The legacy Federal Standard 209E

vocabulary, though cancelled since November 29, 2001 (Source: www.iest.org) and archived today only through mirror sites such as the federal
specifications repository (Source: everyspec.com), still shapes how US-trained engineers describe rooms informally even as documentation
increasingly defaults to ISO Class and Annex 1 Grade terminology side by side. ISO continues to maintain the broader 14644 series as a living
framework subject to periodic review (Source: www.iso.org), PIC/S's parallel Annex 1 adoption keeps EU and non-EU regulatory tracks aligned
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(Source: picscheme.org), and WHO-aligned monitoring guidance continues to inform practice in markets that reference Annex 1 without being EU
member states (Source: dcvmn.org). The underlying particle-size mathematics, including the exponent that distinguishes ISO 14644-1 from earlier
national formulas, remains a stable reference point across this otherwise shifting regulatory landscape (Source: pmc.ncbi.nlm.nih.gov).

Looking forward, market growth projections of USD 12.93 billion by 2031 for cleanroom technologies (Source: www.marketsandmarkets.com) suggest

continued capital deployment into both new-build capacity, exemplified by Freudenberg Medical's CleanAssure investment, and retrofit compliance
work at existing facilities still adapting to the 2022 Annex 1 revision three years after its initial effective date. Rapid and continuous viable-monitoring
technologies, increasingly favored to satisfy Annex 1's continuous Grade A monitoring mandate without relying solely on manual settle plates, are
likely to see accelerated adoption as the CCS framework matures and inspectors gain more experience benchmarking it across sites.

Conclusion

ISO 14644-1 and EU GMP Annex 1 Grades A-D are not rival standards competing for the same job; they are complementary layers addressing
different risks. 1ISO 14644-1 supplies the internationally recognized, particle-count-only classification scale, ISO Class 1 through 9, used across every
industry that operates cleanrooms. EU GMP Annex 1 uses related particle thresholds for Grades A through D in sterile medicinal-product manufacture
and adds maximum microbial-contamination levels during qualification, maximum requalification intervals, engineering guidance, and a facility-wide
Contamination Control Strategy applied through Quality Risk Management.

The practical takeaway for anyone specifying, auditing, or operating a pharmaceutical cleanroom is that classification is necessary but not sufficient. A
room can carry a valid 1ISO Class 5 or Grade A certificate and still fail an inspection, as the Optikem, Eugia, and International Medication Systems
Limited cases each demonstrate in different ways, ranging from physical filtration defects to falsified records to inadequate operational controls.
Sustained compliance depends on continuous monitoring, disciplined requalification, and governance discipline that lives well beyond the initial
classification test report. As global cleanroom technology spending continues toward a projected USD 12.93 billion by 2031, driven in substantial part
by the compliance obligations this report has detailed, manufacturers, CDMOSs, and their advisors that treat ISO 14644 and EU GMP Annex 1 as two
halves of a single contamination-control discipline, rather than as competing checklists, will be best positioned to sustain both classifications through
the inspections that actually matter.

Frequently Asked Questions (FAQS)

What is the difference between ISO 14644 and EU GMP Grades A-D? ISO 14644-1 classifies air cleanliness purely by non-viable particle
concentration on a nine-tier ISO Class 1-9 scale (Source: www.iso.org). EU GMP Annex 1 assigns Grades A through D for sterile medicinal-product
manufacture, using related particle thresholds while adding maximum microbial-contamination levels during qualification, engineering guidance, and a
Contamination Control Strategy that ISO 14644-1 does not address.

What are the EU GMP Annex 1 Grade A, B, C, D particle limits? At the 0.5 um threshold, Grade A and Grade B at rest both allow 3,520 particles
per cubic meter; Grade B in operation and Grade C at rest both allow 352,000 particles per cubic meter; Grade D at rest allows 3,520,000 particles
per cubic meter, with Grade D's in-operation limit left to site-specific risk assessment (Source: health.ec.europa.eu).

What are the cleanroom particle count limits by class? Under ISO 14644-1, each ISO Class from 1 to 9 corresponds to a specific maximum
particle concentration calculated from the standard's exponential formula (Source: theccnetwork.org); the values most relevant to pharmaceutical
manufacturing are ISO Class 5 at 3,520 particles/m3, ISO Class 7 at 352,000 particles/m3, and ISO Class 8 at 3,520,000 particles/m3, all measured
at 0.5 um and larger.

Is ISO 5 the same as Class 100? Numerically yes. FDA's aseptic processing guidance directly equates the two, instructing manufacturers to
"maintain the entire aseptic filling room at Class 100 (ISO 5)" (Source: www.fda.gov). Federal Standard 209E, which defined "Class 100," was formally
cancelled on November 29, 2001 and superseded by ISO 14644-1, so "Class 100" persists today only as informal shorthand for ISO Class 5.

What is the difference between ISO 14644 and Federal Standard 209E? FS209E was cancelled effective November 29, 2001 and superseded by
the ISO 14644 series (Source: everyspec.com), whose first edition had already been published on May 1, 1999 (Source: pmc.ncbi.nlm.nih.gov).
FS209E used English-unit "Class" numbers while ISO 14644-1 uses metric-unit "ISO Class" numbers derived from a different mathematical exponent
(Source: pmc.nchi.nlm.nih.gov).

How is a cleanroom formally classified? Testing is performed with light-scattering airborne particle counters at defined sampling locations,
determined under ISO 14644-1:2015's look-up table, or a formula for rooms over 1000 m2, with each location evaluated individually against the
applicable class limit (Source: www.iso.org). For Annex 1 grades, particle testing is supplemented by viable-contamination sampling, air, settle plate,
and contact plate, against the limits in Annex 1's Table 2 (Source: health.ec.europa.eu).
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What are the cleanroom monitoring requirements under GMP? For Grade A, Annex 1 says particle monitoring should be continuous and
continuous viable air monitoring should be undertaken for the full duration of critical processing (Source: health.ec.europa.eu). It sets maximum
requalification intervals of 6 months for Grades A/B and 12 months for Grades C/D, and says a facility-wide CCS should be implemented and actively
reviewed using Quality Risk Management.

What are Grade A cleanroom requirements for pharmaceutical manufacturing? Grade A is reserved for "the critical zone for high-risk operations"
such as aseptic filling (Source: health.ec.europa.eu). For unidirectional-airflow systems normally used to provide Grade A conditions, Annex 1 gives a
homogeneous 0.36 to 0.54 m/s range as guidance; closed isolators conducting simple operations may use airflow that is not fully unidirectional where
contamination risk is controlled. Grade A qualification has no-growth viable limits and a maximum six-month requalification interval, and Grade A
monitoring is continuous during operation.

Do markets outside the European Union recognize EU GMP Annex 1 grades? Yes. PIC/S published an aligned version of Annex 1 immediately
after the EU revision, stating that its "date of entry into operation is aligned with that of the revised EU Annex 1, which is identical to PIC/S Annex 1"
(Source: picscheme.org), extending practical recognition across PIC/S's participating authorities well beyond the EU and EEA.

What HEPA filter grade is typically required for Grade A and Grade B cleanrooms? European practice commonly specifies H14-grade HEPA
filtration under EN 1822:2019, rated "99.995% effective against the" Most Penetrating Particle Size (Source: www.camfil.com), a higher bar than the
99.97% efficiency threshold FDA cites for US Class 100 (ISO 5) filtration.

Are companies still investing in new cleanroom capacity despite the added compliance burden? Yes. Freudenberg Medical's April 2026 launch
of an ISO Class 5 facility in Kaiserslautern, Germany, explicitly framed around "reducing cross-contamination risk through tightly controlled ISO Class
5 processing” (Source: www.medicaldesignandoutsourcing.com), illustrates that CDMOs continue to treat classified capacity as a competitive

investment rather than merely a compliance cost.

Which standards body maintains 1ISO 14644, and is it still being updated? ISO Technical Committee 209 maintains the 14644 series; ISO's
catalog confirms the 2015 edition of Part 1 "was last reviewed and confirmed in 2021" and remains the current version (Source: www.iso.org), while
the companion monitoring standard, Part 2, underwent its own first major revision on the same 2015 timeline.

What test methods verify a cleanroom's classification once particle limits are set? 1SO 14644-3 defines the physical performance tests,
covering airflow, pressure differential, and particle counting, used to verify a cleanroom against its assigned ISO Class (Source: www.iso.org), while
environmental monitoring guidance aligned to the same methodology governs ongoing verification between formal requalification cycles (Source:

dcvmn.org).

How frequently must HEPA filters be integrity-tested in classified cleanrooms? WHO cleanroom monitoring guidance recommends “filter
integrity testing at a frequency of every 6 months for Grades A and B" (Source: dcvmn.org), a cadence widely adopted alongside the equivalent EN
1822:2019 H14 filtration standard used in European Grade A and B specifications (Source: www.camfil.com).

Tags: iso 14644, eu gmp annex 1, cleanroom classification, grade a cleanroom, iso 5 cleanroom, federal standard 209e, cleanroom monitoring, gmp
compliance, contamination control strategy, pharmaceutical manufacturing
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market in custom Al
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 Al 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 Al expert with 20+ years in software development, multiple
successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

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

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al 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.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl 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 Al 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.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation guidance for
pharmaceutical organizations adopting Al 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. Al-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 Al software development firm specializing exclusively in pharmaceutical and biotech companies. As the
premier US-based Al software development company for drug development and commercialization, we deliver cutting-edge custom Al applications,
private LLM infrastructure, document processing systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by
Adrien Laurent, a top Al 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 |ntuitionLabs.ai. All rights reserved.
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