
Good Manufacturing Practice (GMP) guidelines are essential in the pharma-
ceutical industry to maintain product quality and safety. To help ensure com-
pliance with GMP principles, companies seek new Process Analytical Tech-
nology (PAT) instruments to improve safety and quality controls and identify 
compliance challenges before Out-Of-Specification (OOS) conditions arise. In 
the specific case of microbial enumeration in compendial water systems, the 
analytical response time of the traditional plate count method is measured in 
days. A more rapid response in identifying that compliance is being met is an 
opportunity to complement plate counts for bioburden monitoring.
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Introduction
The 7000RMS™ on-line microbial analyzer is an analytical tool to support PAT. The an-
alyzer detects and measures bioburden in Purified Water (PW) and Water for Injection 
(WFI) systems in real time while the waters are being produced. Although regulators still 
require results from the traditional plate count method to release water for pharmaceuti-
cal manufacturing, the 7000RMS can be used as a real-time analytical tool in parallel to 
plate counts to assist in maintaining and managing water systems effectively.

Encouragement for PAT tool use
The FDA acknowledges real-time tools can generate large volumes of data which is rele-
vant to routine quality assurance and regulatory decisions. Measurements do not need to 
be absolute values but must detect relative differences.

AFU for process control in support of CFU
Significant differences in AFU vs CFU measuring rates and detection capabilities. AFU measurements 
provide continuous profile of bioburden while CFU measurements provide a snapshot of the water sys-
tem. CFU result is still not comparable to AFU due to the low measurement frequecy.

To understand AFUs as a process measurement signal for bioburden monitoring in GMP environments 
(USP <1223>), facilities must compare the 7000RMS’s AFU with traditional CFU measurements for over-
all control.

Conclusion
Using the 7000RMS microbial contamination analyzer as a PAT tool can fill the gap in the need for con-
tinuous measurement of bioburden levels in pharmaceutical waters. The AFU data from the 7000RMS 
is more relevant to a water system’s process understanding and process control than CFU data. When 
used in parallel with the plate count method, the 7000RMS analyzer allows users to make informed 
decisions regarding the operations of a water system. The process-related AFU measurements provide 
confidence in decision making regarding water quality, while waiting for plate count method results. 

Continuous AFU measurements give users high visibility into a water system, which serves as an in-
vestigative tool when plate count methods produce elevated CFUs. Therefore, the 7000RMS can signifi-
cantly improve decision making in GMP environments, enhance product quality, reduce costs, and help 
companies make data-driven decisions to meet regulatory requirements. By evaluating the use of PAT 
tools and traditional off-line measurements side by side, pharma manufacturing facilities achieve a ho-
listic process control and improvement.
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Introduce AFU for process control in support of CFU 
for GMP decision making
Although AFU and CFU data both represent bioburden 
measurements in a water system during routine opera-
tion and maintenance, there are significant differences in 
their detection capabilities and measuring rates.

The 7000RMS detects and reports microbial cells us-
ing laser-induced fluorescent technology, without hu-
man intervention for sampling, filtering, and incubating 
the water samples. The result is reported as AFU per 
unit volume, representing every organism detected and 
measured when water flows through the water system. 
Because the analyzer’s installed at-line and contamina-
tion is measured continuously and reported in real time, 
the AFU results provide a continuous profile of bioburden 

in the water system during operation. In contrast, the 
CFU measurements are snapshots of the water system, 
determined by the site’s sampling schedule.

Even if the most rigorous traditional bioburden monitor-
ing program is performed once a day at a facility, the 
CFU result is still not comparable to AFU due to the low 
measurement frequency. Additionally, the CFU count is 
related to a growth-based method and the readiness for 
cells in the sample to multiply and form colonies after 
5-7 days of incubation. To understand AFUs as a pro-
cess measurement signal for bioburden monitoring in 
GMP environments (USP <1223>), facilities must com-
pare the 7000RMS’s AFU with traditional CFU measure-
ments for overall control. Below are some suggested 
steps to be considered.

Figure 1: Top: AFU trend with baseline (22 AFU/100mL) and established alert level (172 AFU/100mL), bottom: CFU trend with the site’s alert 
level (12 CFU/100mL).
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1. Conduct a side-by-side analysis to understand the difference between the two bioburden measurements

A side-by-side study illustrates the difference between 
the AFU and CFU measurements by comparing the 
trends of the results when the water was measured. 
Figure 1 shows a consistent and stable AFU trend at 
the return location of a water system during routine 

operation. In contrast, the plate count’s CFU trend often 
shows a zero measurement. Both measurements indi-
cate water quality below the corresponding alert limits of 
172 AFU/100mL and 12 CFU/100mL.
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Figure 2: AFU/100mL: 1 June - 18 June 2022.
1. The baseline of the water system: 2,600 AFU/100mL
2. Microbial content removed from heat sanitization: 22,000 AFU/100mL
3. Microbial content removed from heat sanitization: 12,500 AFU/100mL
4. Average AFU due to the microbial excursion: 51,222 AFU/100mL.

4. Determine the suitability of both measurements for their ability to meet regulatory requirements for decision 
equivalency 

AFU (2hrs-smoothed) (Lane 1)

Figure 3: Off-line bioburden test results in CFU/mL of the water sample. The 7000RMS was not installed until April 2022.
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2. Evaluate the reliability of both measurements in 
detecting microbial contamination and their effec-
tiveness in identifying potential issues

It is important to note that AFU measurement cannot be 
correlated to CFU measurement due to the differences 
in detection technology, fluorescent particles and visual 
count of colonies, respectively. However, the non-equiv-
alency of AFU and CFU is not a barrier to adopting the 
7000RMS. The AFU measurement from the 7000RMS is 
more reliable due to its constant detection and measure-
ment. In addition, the 7000RMS detects all organisms 
(both viable and non-viable) while water flows through 
the device. This fuller picture of bioburden levels allows 
users to make better GMP decisions. The CFU results, 
on the other hand, are related to the water samples col-
lected at POUs at the time of collection and the capabil-
ity of microorganisms to form colonies under the defined 
growth conditions.

While the AFU results are more relevant to the produc-
tion and processing of water within the water system 
24/7, the CFU results are used to measure water quality 
in terms of the visual count of microorganism colonies 
under several factors that are unrelated to the water 
system.

Once a facility has assessed the AFU and CFU trends 
during routine operation of their water system, the AFU 
trend can be used alongside CFU-based limits as the 
baseline of the water system in process control to detect 
potential issues more effectively and efficiently. Since 
the AFU measurements are reported in real time, a facil-
ity can rely on the 7000RMS’s data to detect an out-of-
trend event and advise the QC microbiology department 
to perform a CFU analysis of the water and decide if cor-
rective actions need to be taken. Using Figure 1 as an 
example, albeit that the CFU data is below the alert level, 

some companies would still want to understand where 
the contamination came from. In such a case, facilities 
engineers and QC microbiologists can decide whether 
to investigate the CFU results if the AFU trend shows a 
stable baseline during operation.

3. Analyze the cost effectiveness of both measure-
ments and their impact on process improvement 
and product quality

The 7000RMS measures at-line on the water system 
while pharma water is produced, used, recycled, and 
filled. The AFU measurements reflect all operations of the 
water system, including sanitization, maintenance, and 
water usage. However, the CFU measurements relate to 
water quality only in terms of bioburden growth in the 
samples. Although the two measurements can be as-
sessed holistically to understand the risk of bioburden 
while water is being produced and used, the AFU mea-
surements are more cost effective in providing data for 
water system management.

Due to the real-time response by the 7000RMS, AFU 
measurements can be used to assess the risk of bio-
burden throughout the entire water system operation, in-
cluding process changes that may affect the bioburden 
level in the water. The AFU measurements can provide 
qualitative and quantitative data related to sanitization, 
filling of water tanks, pressure changes during distribu-
tion, and more. Water system engineers therefore gain 
previously unavailable visibility into the water system 
and can make data-driven decisions based on system 
operation activities without waiting for CFU results. It is 
worth mentioning again that water samples collected 
for CFU plate counting after maintenance and engineer-
ing changes can only show the bioburden level of the 
samples and not of the entire water system. 


