Preview

Sooner or later, every pharmaceutical water system presents challenges — unexpected microbial
growth, unusual trends, or sudden spikes in contamination. Being ready for those moments is
critical: knowing how to respond, how to implement the right corrective actions, and how to
prevent recurrence can make all the difference.

In this case, | turned to KeyPedia — GKS’s premier virtual GMP consultant and advisor — to walk
me through a real-world scenario. This one involved a potential contamination
with Pseudomonas aeruginosa.

As expected, KeyPedia delivered. It quickly understood the issues at hand and provided clear,
targeted guidance on how to resolve them. Take a look at how KeyPedia helped me address the
problem swiftly, effectively, and with precision.

Enjoy.
Problem and Solution Proposal
| am experiencing microbial contamination on my purified water system. | have sporadic events

of pseudomonas aeruginosa, which force me to sanitize and move on. Do | need to be concerned
with the quilt of the non-sterile products | manufacture?

Yes, you absolutely need to be concerned about the quality of the non-sterile products you

manufacture, even if the contamination events are sporadic. The FDA considers |Pseudomonas
aeruginosad an objectionable microorganism, and its presence in your purified water system is a
serious issue that can lead to product recalls and regulatory action.

Here’s a breakdown of why this is a concern, based on FDA guidance and enforcement\

examples:

]1. FDA's Stance on Water Systems and Contamination\

According to the FDA's draft guidance, "Microbiological Quality Considerations in Non—sterile]
Drug Manufacturing," robust control over your water system is critical. The guidance highlights‘
several key points relevant to your situation:\

. Mater Systems are a Known Risk: Water system control deviations can lead to the
formation of biofilms and have a "profound impact on the microbial quality of an
aqueous-based drug." Proper system design, control, monitoring, and maintenance are
essential to prevent contamination.




o ["Objectionable Microorganisms": The regulations require that non-sterile drug products
be free of "objectionable microorganisms." A determination of whether an organism is
objectionable depends on a risk-based assessment considering:

o The product's intended use and route of administration (e.g., oral, topical).

o The patient population (e.g., infants, elderly, immunocompromised).

o The nature of the microorganism itself. ‘Pseudomonas aerug/‘nosa‘ is a well-known
opportunistic pathogen.

2. The Specific Risk of Pseudomonas aeruginosa\

The FDA takes contamination with ‘Pseudomonas aeruginosa\ very seriously. It is not considered
normal flora and can cause severe infections, particularly in vulnerable populations.

. ]Regulatory Action Guidance:] In one Compliance Policy Guide (CPG Sec. 590.300), the FDA
gives authority for direct seizure of any cosmetic product for the eye area found to
contain , stating it is a "poisonous or deleterious substance" that may
render the product injurious to users. While your products may not be for the eye area,
this demonstrates the agency's low tolerance for this specific bacterium.

3. Real-World Examples of Contamination Events

'The FDA guidance provides case studies of recalls resulting from microbial contamination,
showing the real-world consequences:\

o (Case Study 1: Contaminated Oral Solution:\ A multi-state outbreak of Burkholderia
cepacia comp/eﬂ (BCC), an organism similar to ‘Pseudomonas\ in that it thrives in water
systems, was traced back to a contract manufacturer's \poorly designed and inadequateM
]monitored water system\. This led to serious patient infections, deaths, and a recall of all
liquid products made by the manufacturer. This is a direct parallel to the risk you are
facing.
. \Case Study 2: Contaminated Moisturizing Cream:\ A baby eczema cream was recalled
after being found to be contaminated with ]Pseudomonas aeruginosa\ and btaphy/ococcus
aureus. Over 15,000 units were distributed.
e |Case Study 3: Contaminated Liquid Antacid:\ A'liquid antacid was found to be
contaminated with \Pseudomonas aeruginosa\a nd high levels of yeast and mold, leading to
the recall of over 100,000 units.

\Conclusion and Recommended Actions\

Your sporadic events are indicators of a systemic problem with your water system that requires‘
immediate and thorough investigation. Simply sanitizing and moving on is not a sufficient long-
term solution and puts your products and patients at risk.\




\You should:

1. ]Conduct a comprehensive root cause analysis\ of your purified water system to identify
the source of the contamination.

2. ]Implement a robust CAPA (Corrective and Preventive Action) pIan\ to address the root
cause and prevent recurrence.

3. ’Perform a risk assessment‘ on all products manufactured using water from this system to
determine the potential impact on patient safety and product quality.

4. |Review and enhance your environmental monitoring and water system testing

procedures\ to ensure early detection of any future issues.

Where would you say can be the source of the pseudomonas aeruginosa contamination?

Excellent question. Identifying the source of \Pseudomonas aeruginosa‘ is the critical next step in
resolving your contamination issue. This bacterium is ubiquitous in the environment, especially
in water, soil, and on plant surfaces, so it can enter a purified water system in numerous ways.

The most common sources of contamination in a pharmaceutical water system are related
to \system design, maintenance, and the formation of biofilm\.

Here are the most likely places to investigate as the source of your |Pseudomonas
aeruginosa contamination:

1. \Biofilm (The Most Common Culprit)\

. Mhat it is:\ Biofilm is a slimy, protective layer created by microorganisms that attaches to
surfaces. \Pseudomonas aeruginosa\is a primary and very effective biofilm former. This
film acts as a shield, protecting the bacteria from sanitizing agents and allowing them to
multiply.

. Mhere it forms:‘ Biofilm can form on virtually any surface that is constantly wet: the
inside of pipes, valves, gaskets, storage tanks, and even on reverse osmosis (RO)
membranes.

. \How it causes sporadic events:\ A mature biofilm will periodically slough off clumps of
bacteria into the water stream. This shedding is often unpredictable and can be triggered
by changes in flow rate, pressure, or temperature, which explains why you might be
seeing \sporadic positive counts\. You sanitize, kill the free-floating bacteria, but the
biofilm survives and starts the cycle over again.

2. L’System Design FIaws\

Poor system design creates areas where water can stagnate, allowing bacteria to settle and form
biofilm|




o |Dead Legs: These are sections of piping where water does not circulate, such as unused
sample ports or infrequently used outlets. Any pipe section longer than 1.5 times its
diameter is often considered a dead leg and a significant risk.

o \Improper Slope:\ Pipes that are not sloped correctly can have low points where water
pools instead of draining completely, providing a breeding ground for bacteria.

o \Rough Surfaces:\ Poor quality welds, scratches, or corrosion on the inside of pipes and

tanks create microscopic nooks and crannies where bacteria can attach and evade

sanitization.

]Inappropriate Materials:\ Using materials that can corrode or leach nutrients can

encourage bacterial growth.

‘3. \Inadequate Maintenance and Operation

. ‘Insufﬁcient Sanitization:\Your current sanitization procedure may not be effective. The
frequency, temperature, chemical concentration, or contact time might be insufficient to
penetrate and destroy the biofilm.

« Lack of Continuous Flow: Water in the system should be continuously circulated at a
turbulent flow rate (ideally >1 meter/second) to discourage bacteria from settling and
attaching to surfaces. If the system is shut down for extended periods without being
drained or sanitized, contamination is highly likely.

e Consumables:| Failure to replace components on a regular schedule is a common source

of contamination. This includes:

o FiIters:\ Pre-filters and vent filters can become colonized with bacteria.

o |RO Membranes & Deionization (Dl) Beds:\ These can become fouled with biofilm.

o UV Lamps: The lamps lose their effective intensity over time and need to be
replaced.

4, \Introduction from Source Wateﬁ

While a purification system is designed to remove contaminants, a sudden spike in the microbial\
load of your source (feed) water can overwhelm the system, allowing some bacteria to get‘
through and colonize downstream components. Inadequate pre-treatment is often a factor here.‘

5. \Contamination During Sampling or Maintenance

e Sample Ports:|If sample ports are not properly designed (e.g., no steam-in-place
capability) or are not flushed and sanitized correctly before taking a sample, you can

introduce contamination from the port itself, leading to a false positive or contaminating
the system downstream.

. ’Hoses and Connections: Using non-sanitary or improperly cleaned hoses to connect to
the system can introduce a significant microbial load.




To effectively solve your problem, you need to conduct a hhorough root cause analysis, mapping
your entire water system and investigating every one of these potential sources. Simply
sanitizing after an event is a temporary fix for a much deeper, systemic issue.*

Where would you say can be the source of the pseudomonas aeruginosa contamination?

Excellent question. Identifying the source of \Pseudomonas aeruginosa‘ is the critical next step in
resolving your contamination issue. This bacterium is ubiquitous in the environment, especially
in water, soil, and on plant surfaces, so it can enter a purified water system in numerous ways.

The most common sources of contamination in a pharmaceutical water system are related
to ]system design, maintenance, and the formation of biofilm‘.

Here are the most likely places to investigate as the source of your |Pseudomonas
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sample ports or infrequently used outlets. Any pipe section longer than 1.5 times its
diameter is often considered a dead leg and a significant risk.
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o ]Rough Surfaces:] Poor quality welds, scratches, or corrosion on the inside of pipes and
tanks create microscopic nooks and crannies where bacteria can attach and evade
sanitization.

. \Inappropriate Materials:\ Using materials that can corrode or leach nutrients can
encourage bacterial growth.

‘3. \Inadequate Maintenance and Operation\

. \Insufficient Sanitization:\Your current sanitization procedure may not be effective. The
frequency, temperature, chemical concentration, or contact time might be insufficient to
penetrate and destroy the biofilm.

. ‘Lack of Continuous FIow:‘ Water in the system should be continuously circulated at a
turbulent flow rate (ideally >1 meter/second) to discourage bacteria from settling and
attaching to surfaces. If the system is shut down for extended periods without being
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o FiIters:\ Pre-filters and vent filters can become colonized with bacteria.
o |RO Membranes & Deionization (DI) Beds:\ These can become fouled with biofilm.

o |UV Lamps: The lamps lose their effective intensity over time and need to be
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4. \Introduction from Source Wateﬂ

While a purification system is designed to remove contaminants, a sudden spike in the microbial\
load of your source (feed) water can overwhelm the system, allowing some bacteria to get‘
through and colonize downstream components. Inadequate pre-treatment is often a factor here.‘

5. \Contamination During Sampling or Maintenance\

e Sample Ports: If sample ports are not properly designed (e.g., no steam-in-place
capability) or are not flushed and sanitized correctly before taking a sample, you can
introduce contamination from the port itself, leading to a false positive or contaminating
the system downstream.

o \Hoses and Connections:\ Using non-sanitary or improperly cleaned hoses to connect to
the system can introduce a significant microbial load.

To effectively solve your problem, you need to conduct a ﬁhorough root cause analysis, mapping
your entire water system and investigating every one of these potential sources. Simply
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