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Historical Perspective
We have been aware of microorganisms and their impact on 

human health for over 150 years. Anton Van Leeuwenhoek was the 
first person to document microscopic observations of bacteria in 
1676 (although a Jesuit priest, Athanasius Kircher is also credit-
ed by some as the first to observe microorganisms at around the 
same time). In 1878 Robert Koch discovered how to grow bacteria 
in a Petri dish (named after his assistant Julius Petri). Circa 1900 
Martinus Beijernick extended the work of both Koch and Pasteur to 
develop what is now the enrichment culture techniques used today. 
However, in the present day, it is generally believed that the vast 
majority of microorganisms present in common environments can-
not be successfully cultured and characterised using current stand-
ard testing methods [1-5]. Ever since the discoveries of Semmel-
weis in 1847, and in spite of our industrial, academic and clinical 
efforts to reduce HAI’s (Hospital Acquired Infections), we have had 
varying degrees of success. There have been longstanding theories 
and hypotheses surrounding the contributing factors to HAIs; for 
example, effectiveness of hand hygiene and the impact of airborne  
contaminates amongst many others. Although there has been a sig-
nificant amount of research done in the food preparation sector, un-
til recently there has been limited evidence focused on surface bio  

 
burden, and its relevance in specialised critical areas of healthcare 
[6-8]. 

The root cause of this is multifactorial, although one main 
reason can be associated with the technological advances, or lack 
thereof in the standard testing methodology used to confirm suc-
cessful cleaning of clinical areas. In 2004, when Dancer proposed a 
standard for microbiological assessment of surfaces, many routine 
molecular techniques were not available outside either academic 
research or the military [5]. It took over a decade more, before the 
creation of the UK Environmental Special Interest Group (ESIG) 
with a remit to explore further advances and changes around up-
dated standards (Data unpublished). It is therefore unsurprising 
that many healthcare facilities and researchers still consider culture 
as the “gold standard” for confirmation of the absence of potential 
pathogens that could cause HAIs [9]. These test methodologies are 
used predominantly to initially detect the presence or absence of 
microorganisms and to subsequently identify ideally to a species 
level. However, techniques such as culture have not changed signif-
icantly in many years and continue to have significant limitations 
in both sensitivity and specificity. Although a pure bacterial culture 
remains important for the study of virulence, antibiotic suscepti-
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bility, and genome profiling in order to facilitate the understanding 
and treatment of caused diseases, there continues to be little corre-
lation between in-vitro evidence and its relevance in-situ.

The recent availability of molecular diagnostic technology has 
provided greater sensitivity and specificity in the detection of mi-
croorganisms. Evidence would suggest improvement in detection 
methods provides greater insight into the efficiency of current 
cleaning and decontamination of clinical environments [10]. Im-
proved detection methods may also help us to understand the true 
extent of bacterial resistance to disinfectants. It is now considered 
“routine” for molecular diagnostics to deliver results in hours and 
minutes compared to traditional culture results taking days and in 
some cases weeks.

Current Available Tests

Visual inspection

Unfortunately, due to many factors including the lack of a fast, 
accurate test, visual inspection is still used by the vast majority of 
healthcare institutions, even though the evidence is clear that it is 
not an accurate test of cleanliness, let alone bioburden [11,12].

Total ATP

Adenosine Tri Phosphate is present in all living cells except vi-
ruses. It is measured by the inexpensive test kits, in relative light 
units (RLU), and is a fast, simple way to measure extra cellular and 
some intra cellular ATP. Total ATP testing has been undertaken for 
more than a decade in the food industry, yet no statistically rele-
vant direct relationship has been found between RLU and Colony 
Forming Units (CFU) [13,14]. As there is no certainty that the test 
equipment is able to measure intra cellular ATP, even a zero count 
cannot be considered relevant.

Culture

The first culture conditions used various parameters such as 
incubation time, nutrients, atmosphere, and temperature. Refine-
ment around such parameters has continued since its conception 
over 100 years ago. The use of culture in clinical microbiology was 
prompted by microbiologists initially specializing in intracellular 
bacteria [15,16]. The shell vial procedure allowed the culture of 
new species of Rickettsia. The design of axenic media for growing 
fastidious bacteria such as Tropheryma whipplei and Coxiella bur-
netii, and the ability of amoebal coculture to discover new bacteria 
constituted major advances. Strong efforts associating optimized 
culture media, detection methods, and a microaerophilic atmos-
phere allowed a dramatic decrease of the time of Mycobacterium 
tuberculosis culture. The use of a new versatile medium allowed 
an extension of the repertoire of archaea. Finally, to optimize the 
culture of anaerobes in routine bacteriology laboratories, the addi-
tion of antioxidants in culture media under an aerobic atmosphere, 
allowed the growth of strictly anaerobic species [17-19,]. There is 
increasing need to improve the relevance of in-vitro testing and 
provide much greater correlation between the evidence gained 
within the laboratory environment, and that of the clinical setting. 

This should ultimately lead to a better understanding of the col-
onisation of clinical surfaces, and how those organisms change in 
characteristics and concentration over time. Although there are a 
large number of reasons that surface bacterium may not be easily 
cultured in the lab, most of these can be reduced to the difficulty 
of replicating the very precise environment conditions certain mi-
crobes require for growth. Early culturing efforts focused on mi-
crobes that were easily grown under standard conditions, largely 
due to adaptation to the incubator-like conditions of an animal 
body. By contrast, free-living environmental microbes can have a 
broad array of environmental requirements. One example of in-
terest is the discovery that many organisms cannot survive in the 
high-nutrient conditions favoured by standard cultural practices 
[1,2,20,21]. The development of low-nutrient media has greatly 
increased the number of organisms that have been successfully 
cultured. Many soil organisms are incapable of surviving under 
high-oxygen conditions. These obligate anaerobes would natural-
ly not survive standard culturing approaches, but there have been 
some successes with growing them in anaerobic chambers [22]. 
However, in respect to cultures usefulness in accurately testing 
the efficacy of disinfectants, the US CDC states, “Attempts to sub-
stantiate the bactericidal label claims of phenolics using the AOAC 
Use-Dilution Method occasionally have failed” [23]. However, re-
sults from these same studies have varied dramatically among lab-
oratories testing identical products (figure1) [24].

Figure 1: A typical culture plate depicting organism growth from a non-
sterile site.

Polymerase Chain Reaction (PCR)
PCR is a technique used to amplify a segment of DNA across 

several orders of magnitude [25]. This then generates thousands 
to millions of copies of a particular DNA sequence. Developed in 
1983 by the Cetus Corporation [26], it is a reliable way to repeat-
edly replicate a focused segment of DNA. This technique is used in 
biomedical research, criminal forensics, and molecular archaeology 
[27]. PCR is now a common and often indispensable technique used 
in clinical and research laboratories for a broad variety of applica-
tions. For example, these applications can include DNA cloning for 
sequencing, gene cloning and manipulation, functional analysis of 
genes and detection and characterisation of microorganisms caus-
ing disease. The vast majority of PCR methods rely on thermal cy-
cling, which involves exposing the reactants to cycles of repeated 
heating and cooling, permitting different temperature- dependent 
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reactions, specifically, DNA melting and enzyme-driven DNA rep-
lication [28]. Short DNA fragments containing sequences comple-
mentary to the target region, along with a DNA polymerase, enable 
selective and repeated amplification. As the PCR progresses, the 
DNA generated is itself used as a template for replication, setting 
in motion a chain reaction in which the original DNA template is 
exponentially amplified. 

Figure 2: Conventional PCR Cycle, involving DNA, primers and 
nucleotides, with typical temperatures associated with each reaction 
step.

Figure 3: Real-Time PCR (RT-PCR) graph depicting the amplification 
curves for a number of different pathogens (A-E), which are translated 
into Cycle Threshold (CT) values. A positive reaction is detected by 
accumulation of a fluorescent signal. The CT is defined as the number 
of cycles required for the fluorescent signal to cross the threshold (e.g. 
exceeds background level).

The simplicity of the basic principle underlying PCR means it 
can be extensively modified to perform a wide array of genetic ma-
nipulations previously described. In terms of detection and charac-
terisation of organisms causing disease, PCR has been used in en-
vironmental sampling for some time and in certain situations has 
been an advantage when compared with more traditional culture 
techniques. Such examples would be detection of legionella from 
water sources, where often culture techniques would take sever-
al days, whereas a PCR can take several hours (figure 2) [29,30]. 
The challenge we have with all these techniques is understanding 
the unknown bio burden of an environmental sample. Techniques 
are rapidly developing, looking at the Microbiome of a sample type. 
These are techniques which identify and semi-quantify the organ-
isms which exists within a sample type. However, understanding 

their relationship to one another and how they communicate, as 
well as how they interact with other hosts, such as humans, still 
remains an area of active research (Figure 3).

Bacteria Specific Rapid Metabolic Assay (BSRMA)
This test allows surface, water and air testing for estimation of 

bacterial bio burden/ load with increased sensitivity and specific-
ity compared to culture techniques [31-33]. Within a few minutes 
of sampling, the assay measures only the live bacteria present and 
requires no culture procedures. This type of test should not be con-
fused with the standard total ATP (Adenosine Tri Phosphate) tests 
used in some food manufacturing facilities, which due to the lack 
of any relationship between total ATP and bacterial ATP, have no 
diagnostic value. There are multiple recent studies regarding the 
efficacy of bacteriophage-related lytic enzymes (BPLE) or virus-
es that infect bacteria. By degrading the cell wall of the targeted 
bacteria, these lytic enzymes have been shown to efficiently lyse 
Gram-positive and Gram-negative bacteria [34]. Bacteriophages 
are viruses that kill bacteria. They do not contribute to antimicro-
bial resistance, are safe for humans, animals, and the environment. 
The current focus on BPLE’s has been on their use as anti-infectives 
in humans and more recently in agricultural research models. The 
initial translational application of lytic enzymes, however, was not 
associated with treating or preventing a specific disease but rather 
as an extraction method to be incorporated in a rapid bacterial de-
tection assay [35]. 

We can trace the translational history of BPLE’s from their 
initial discovery in 1986 for the rapid detection of group A strep-
tococcus in clinical specimens to evolving applications in the de-
tection and prevention of disease in humans and in agriculture 
[30,31]. The three -stage test uses BPLE technology to removal of 
all Somatic cells (all cells except bacteria) from the sample (stage 
1), leaving only living bacteria in the sample to be lysed for meas-
uring (stage2). Luminescence is then added to the sample using 
the positive charge on the ATP within the cell to produce light. A 
direct correlation between cell numbers and amount of light pro-
duced shows a statistically proven 1 – 1 Relative Light Unit (RLU) 
to Colony Forming Unit count [31,32]. The BSRMA was compared 
with the gold standard culture techniques as part of a standard of 
care orthopaedic pathway within an NHS hospital. The difference 
in sensitivity of the two tests using the same samples was stark. It 
is clear from this, and other studies [36,37], that the BSRMA test 
method is far more sensitive than standard culture techniques and, 
increases the users’ ability to see the numbers of live bacteria, in 
areas previously determined to be bacteria free. Evidence of this is 
seen in a recent study [10], using the BSRMA test, at multiple time 
points over a 4-day period. 

One of the most interesting findings in the study was the levels 
of contamination seen immediately after the finish of the operating 
list, after standard night-time cleaning with Sodium Hypochlorite, 
and then again immediately before the first patient entered the op-
erating theatre the next morning. Importantly, this study showed 
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that bacterial bioburden on surfaces had returned to approximately 
the same levels as at the end of the previous days operating lists. 
Had just culture been used, levels of bacteria on surfaces at all three 
time points would have remained unseen.

Summary
In environmental cleaning and contamination there are two 

main factors associated with HAI’s, namely, the types of microorgan-
ism’s present (identification and characterisation) and the amount 
present (Bio burden), primarily on clinically relevant surfaces. We 
still do not fully understand the true interactions between, air, sur-
faces and hands in our healthcare facilities, but we do know they 
are interrelated in respect to hosting CFUs and sponsoring HAIs. 
Prioritising these will depend greatly on the risks attached to the 
hospital department, and what procedures/ work is done in those 
areas. Operating rooms are one of the main high-risk areas within 
a hospital environment for maintaining perceived aseptic condi-
tions. There has been for many years a focus on the quality of air 
filtering with recommendations on issues such as air pressure, air 
exchanges, temperature, humidity, and filtration levels. These have 
been reviewed every 10-15 years since the first attempt in HTM 
2025, followed by HTM 03-01[38,39]. In the same time period, en-
vironmental cleaning and testing has for the most part been left 
to individual departments to decide upon, with little standardised 
guidance [40-43]. 

With the ever-increasing numbers of antibiotic resistant and 
disinfectant resistant bacterial species, this situation will need to 
change if we are to provide a safe environment for surgery to take 
place. Professor Dame Sally Davies (current UK Chief Medical Of-
ficer) was correct in her assessment, “if we do not do something to 
change the current situation of an ever-increasing risk of resistant 
infection post-surgery, at some point in our future we will have to 
stop doing what we now consider routine surgical operations as the 
risk from infection will be greater than the risk of not having sur-
gery”[44]. Until we can convince organisations such as the CDC and 
the WHO that there is sufficient evidence to support changes, we are 
left with many outdated guidance documents that still impact our 
behaviours [45,46]. Sometimes miss quoted as being spoken first 
by Albert Einstein, in 1981 US Narcotics anonymously published a 
brochure with the phrase “Insanity is repeating the same mistakes 
and expecting different results”. It is clear from these small samples 
of data, that a lot more work is needed to accurately determine the 
infection risks associated with surface bacterial bioburden. Choice 
of the most appropriate test methodology to determine levels of bio 
burden is key to successful intervention. 

It is certain that we must learn more from our environment, 
and effect change in order to improve. We should perhaps consider 
thinking in the same terms as Peter Drucker a management con-
sultant who is quoted as saying, “If you can’t measure it, you can’t 
improve it”. Regular, fast, accurate, reliable measurement of surfac-
es, air and hands, has to be the goal of all healthcare facilities if we 
are to improve the quality of the environment in which we treat 
our most vulnerable patients. If we cannot achieve this goal in a 

timely fashion, Dame Sally Davies’s prediction of “at some point in 
the future”, may end up be a lot closer than anyone would like to 
admit. The NHS environmental SIG has drafted an Environmental 
Cleaning Guidance and Standards Document (ECGSD) [7] which is 
hoped will be the basis of a new Healthcare Technical Memoranda 
(HTM) looking specifically at the issues of environmental cleaning 
and disinfection as suggested by Dancer in 2004. The risk averse 
healthcare systems are now paralysed by dogma and lack of true ac-
countability [47]. The ECGSD guide will help users to decide, where 
to test, which test to use, in which areas, frequency of testing with a 
pass/ fail test standard relevant to risk. The final guidance from this 
is expected to be available to trusts in the near future with stand-
ards available soon after, this is of course dependant on approval 
by government.

Next Steps
A microbiological environmental cleaning hospital map that 

colour codes risk giving guidance on all these questions to hospi-
tal infection control, microbiologists and hospital cleaners may be 
appropriate to help simplify the bewilderingly complex risk/ mate-
rials/ test matrix.

Final Comments
The current methods of environmental hygiene audit in hospi-

tals and other healthcare facilities need to be supported by micro-
biological sampling, and further developed in line with the sample 
pathway previously described. The focus on process has been well 
described, as is the focus on the people who support it. The po-
tential for improved changes in the behaviour of staff who know 
they are being observed is well understood. Goodheart’s law, some-
times confused with Heisenberg’s uncertainty principle, but which 
is in fact a social analogue of Heisenberg’s uncertainty principle, 
states “Measuring the system usually disturbs it”. In reality, the 
Hawthorne effect, describes a type of reactivity in which individ-
uals modify or improve an aspect of their behaviour in response 
to awareness of being observed. Each variation of the theme has a 
common core of understanding, “If people know they are being ob-
served, they change their behaviour”. This idea has been described 
many times as the “observer expectancy effect” and has been used 
in industry and academic institutions over many years. It may sig-
nificantly underutilise as a method of achieving improvements in 
healthcare staff behaviour [48-51]. It could therefore have a signif-
icantly positive impact in helping to reduce the now visualisable 
surface bioburden that is almost certainly endemic in our health-
care facilities.
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