
Food New Zealand18

RESEARch 

In 1994, US food regulators declared the O157:H7 serogroup of 
Shiga Toxin-producing Escherichia coli (STEC) as an adulterant 
(i.e. not permitted) in certain kinds of raw beef. This was a 
significant change for everyone trading red meat into, and within, 
the US. That, of course, included New Zealand. 

Background
The reasons for this change date back to 1982 when, in the US, 
there were several cases of bloody diarrhoea linked to people eating 
undercooked hamburgers served by a fast food chain. A specific 
serogroup of E. coli, O157:H7, was isolated from both clinical samples 
and the food. Little happened until the 1993 outbreak among diners 
at “Jack in the Box” burger restaurants, in which about 700 cases and 
four deaths were caused by the same serogroup. The O157 serogroup 
of STEC (STEC O157) became known as the “hamburger bug” and 
was eventually declared an “adulterant” by the US in certain beef 
products, largely those intended to be made into hamburgers. Much 
of the problem lay with the fact that some Americans like to eat their 
burgers rare, thus allowing the pathogen to survive cooking and cause 
infections. The pathogen is more than just another “tummy bug”, as 
it can cause serious disease in some people, especially the young, 
potentially resulting in kidney failure, and in the elderly who suffer the 
greatest probability of dying as a result of infection.

Unfortunately, the situation is a little more complicated. STEC come in 

Bacteriophages

many forms other than serogroup O157, and some of these are known 
to cause disease. In Europe it has been known for some time that a 
reasonable proportion of human infections are caused by a range of 
STEC serogroups in addition to O157, and in 2012 about 40% of STEC 
serotypes causing human disease were non-O157 STEC. In the US the 
incidence of non-O157 STEC infections increased almost nine fold 
between 2005 and 2010.

Given this background there was a drive to add six of the most clinically 
important non-O157 STEC serogroups to the list of adulterants, and in 
2010, there was a small outbreak involving three cases of non-O157 
STEC infections linked with meat which was enough to stimulate a 
regulatory response. On June 4th 2012, these extra six non-O157 STEC 
serogroups were also declared adulterants in the US.

the power of phages
To help industry deal with these issues, ESR has developed a biocontrol 
for STEC O157, and is now in the process of extending coverage to 
the other six STEC serogroups of interest. The biocontrol, which uses 
bacteriophages (phages), is being rolled out to industry this calving 
season.

So what are phages and how do they work?

Phages are sub-micron sized organisms that can infect and kill bacteria 
only. Once the right phage comes into contact with a host cell it can 
take over the host’s genetic machinery, make more copies of itself, 
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and then rupture the cell wall, killing the host. One 
important characteristic of phages is the spectrum 
of bacteria which they can kill; known as the “host 
range”. Some phages have a broad host range 
and can infect bacteria from different genera but, 
in contrast, some phages only infect the particular 
strain of bacterium on which they were isolated. 
For phage biocontrol to be effective the preparation 
needs to kill the entire spectrum of strains of the 
organism that you want to control and, preferably, 
nothing else (a Goldilocks host range). To achieve 
this it is often necessary to use more than one 
phage in a “cocktail”.

Where to apply phage 
control?
Over the decade or more that ESR has been 
working on biocontrol we have isolated many 
phages that can kill a range of pathogens, but a 
particular target since the beginning has been 
STEC O157. In collaboration and consultation 
with industry we have considered how best to 
apply phages to control this pathogen. They could 
be used, for example, to control the pathogen in 
the animal on the farm as it is the carriage of the 
pathogen in the animal that results in contaminated 
meat. Phages might also be applied directly to 
meat, and we have published papers showing that 
this approach works really well. We have a good 
understanding of the science around achieving 
a good kill on meat, and almost total removal of 
realistic concentrations of the organism is possible. 
While it is entirely possible to add phages to meat, 
regulatory considerations make this a complex and 
costly route to follow.

We have chosen to take an approach somewhere 
between the animal and the meat, and to target the 
hide. While carriage of pathogens in animals for 
slaughter results in contamination of the meat, it is 
the hide that is the source of this transfer. So, if you 
kill the bacteria on the animal’s hide then transfer 
of dead bacteria to the meat becomes a moot 
point. Helpfully, the design of the intervention has 
been assisted by the fact that the science around 
inactivation on the hide is the same as for the 
surface of meat.

We have adopted an incremental approach. Firstly 
we developed a phage cocktail, STECleanz®, which 
has 100% coverage against 800 STEC O157 isolates tested, of which 
99.5% were New Zealand in origin. All phages in this product have 
been genome sequenced and bioinformatic analyses performed to 
confirm the absence of toxin, antibiotic resistance- and virulence-
genes, and any potentially allergenic proteins. Furthermore, the phage 
product has been independently tested to demonstrate no adverse 
effects in a mammal system.
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Figure 1. Dose response effect of a single phage sprayed onto artificially 
contaminated hides in the laboratory with 20 and 60 minute contact time

Figure 2. Reduction in STEC O157 concentration mediated by a forerunner 
of STECleanz® vs. the control

In an early experiment, one phage from the cocktail was tested on 
STEC O157 inoculated onto calf hides in the laboratory and showed a 
dose response effect where we were able to achieve a 7 log10 reduction 
(Figure 1).

Subsequently a small trial was run with housed calves, some of which 
had their hides inoculated and some did not (controls). Figure 2 shows 
the 3-4 log10 reduction which resulted from treatment by phages.
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Last year saw the biggest test so far. We 
performed a larger trial working in specialised 
climate controlled facilities at AgResearch in 
Hamilton, which allowed us to do trials with 
fresh whole hides obtained locally and used 
the same day. The protocol used was to apply 
the STEC O157 at high and low concentrations 
as both a clean preparation in buffer and in calf 
faeces (i.e. four combinations). The bacterial 
cells were spread on to the hides which were 
kept warm on heated drums to simulate the body 
heat of an animal. A while later, the phages were 
applied in a spray and allowed to interact with 
the STEC O157 inoculum. Sample sites were then 
sponge swabbed and the number of surviving 
STEC O157 cells counted. Some additional 
experiments were performed to show that any 
killing which did occur was on the hide and not 
during sample processing.

As expected, the application of phages caused 
reductions in the concentration of the pathogen 
and, also as predicted, the effect was better with 
the clean inoculum compared to the inoculum 
applied in faeces. Some results are shown in 
Figure 3, a mean 3.8 log10 kill. When the inoculum 
was suspended in faeces the effectiveness of the 
phage cocktail was reduced by 1.5 log10. With a 
low inoculum of cells, applied in either way, the 
average reduction was around 1.7 log10. In real 
life, we expect a mean 2 log10 reduction because 
hides will, in most cases, be in a condition 
somewhere between the two used in our trial.

Conclusion
In the light of a sequence of successful trials, this year over 700,000 
STECleanz® doses are being used by industry to control STEC O157 
in our exported beef. To our knowledge this is the first commercial 
use of a bacteriophage product in New Zealand and one of only a few 
examples world-wide. Work has already started to enhance our phage 
product to kill all seven adulterant serogroups of STEC.

It almost goes without saying, that while we have described a 
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A pair of FAHEc1 
phages, one of 
the phages in 
STECleanz®

Figure 3. Log reductions achieved in STEC O157 applied at a high 
concentration in buffer (clean preparation)

particular application to a particular food, phages can be isolated and 
harnessed to control problem bacteria under pretty much any set of 
circumstances likely to occur in food production. The future of phage 
biocontrol in the food and other industries looks bright.
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