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Recently, the Aquaponic Association (AA) published a statement through multiple
outlets in response to our article entitled “The Occurrence of Shiga Toxin-Producing E.
coli in Aquaponic and Hydroponic Systems”. In this paper, we reported that Shiga toxin-
producing Escherichia coli (STEC) was found in fish feces, in the water of both aquaponic and
hydroponic systems, and on the surface of the roots of lettuce, basil, and tomato regardless
of the system, but not in the edible portions of the plants. Our results demonstrated that
the presence of STEC in aquaponics was due to the introduction of contaminated fish that
were brought into the system and that cross-contamination might have occurred in the
adjacent hydroponic systems during handling events.

In this reply, we would like to re-emphasize that STEC was accidentally introduced
to our aquaponic systems from the handling of the fish. Tilapia do not produce STEC,
but it may have been contaminated on the surface from outside the system or from eating
algae/plants that were contaminated. Despite the accidental introduction, STEC did not
contaminate the edible portions of the plants. Our study highlights the importance of using
clean fish stocks and proper management practices to avoid the potential for food safety
risks associated with fresh produce grown in soilless production systems.

The AA raised questions and made comments on our approaches. We have generated
a list of criteria to provide point-by-point responses to specific comments in their statement,
hoping to clarify some aspects.

1. Responses to the AA’s Statement

1. The AA questioned fish feces as the source of contamination.

The AA wrote in the statement that “Blaming fish feces as the contaminating source seems
incredibly misleading when so many other options exist, and no traceback proved that as the source.
The contents of the fish intestines were tested for the presence of E. coli, and none was found (Kim
personal communications). It seems that if the fish does not have STEC E. coli inside its gut, then it
is more likely the fish feces being positive would be related to the contaminated water that the feces
was floating in.” To clarify, Kim did not communicate this with the AA.

As such, the AA contended that we tested both the fish feces and fish intestines and
found no STEC in the intestines, and therefore the source of contamination was from
elsewhere. As described in our paper, we tested the fish feces and obtained positive results
for STEC, but did not test the fish intestines.

The fact that STEC was found in the fish feces (but not the other inputs into the
system) means that the fish were contaminated externally (on the surface) or internally
with STEC during handling. Based on our scientific investigation and inductive reasoning,
we conclude that STEC can be detected in fish feces as a result of the introduction of the
fish into an aquaponic system. Tilapia are considered filter feeders and efficiently harvest
filamentous and planktonic algae [1]. Therefore, if a fish ingests a piece of filamentous
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algae that has a colony of STEC, it is likely that the STEC will then be detected in the tilapia
feces (M.B. Timmons, personal communication, 9 September 2020).

We are seriously concerned that the above false and misleading information has been
communicated across the media and confused readers into believing that our approaches
are not scientifically valid and our conclusions are groundless. Further, the misinformation
might lead industry participants not to take important safety precautions and eventually
lead to a foodborne illness that might devastate the industry economically.

As the AA pointed out, there are several potential sources of contamination in
aquaponic systems, which include water, seeds, fish feces (or fish), and handlers. While
this aspect was discussed in our paper, we made the following list of possible introductions
of STEC to aquaponic systems and explained our reasoning for further clarification.

• Reverse osmosis water for water supply (not the contamination source):

We tested reverse osmosis (RO) water (the source water was municipal water) used to
fill and refill the systems and found that it was not the source of STEC. Since this information
was not included in our original paper, we made corrections to clarify this aspect.

• Seeds (not the contamination source):

We obtained the seeds from a commercial source. While we did not test the seeds for
STEC, we found none of the plants grown from the seeds to be contaminated with STEC
(Table 3 in our previous paper). The results indicated that the seeds were not the source
of contamination.

• Fish:

The fish were originally cultured in a commercial source and transported and raised
in the Purdue Animal Sciences Research and Education Center. We have been operating
the recirculating systems since 2015. Each time we receive fish from the center, the fish are
transported in tubs for over 10 miles and housed temporarily in fish tanks before being
introduced to the lab-scale aquaponic systems. Although we do not know when, where,
and how the fish were contaminated with STEC, it is speculated that it happened during
these procedures.

• Fish feces:

In our investigation on tilapia-based aquaponic systems, we found that STEC associ-
ated with the fish feces was present in the aquaponic solution, indicating that fish feces
were likely the major source of contamination in the aquaponic systems due to the handling
of the fish. The results were confirmed by presumptive positive colonies on selective media
(colorless on CT-SMAC plates) followed by polymerase chain reaction (PCR) detection for
the presence of the stx1 gene [2,3]. In addition, we directly tested the fish feces which were
collected from a separate system (this method was described in the paper) and verified that
the STEC was associated with fish feces. PCR is a common method to confirm presumptive
positive colonies from selective media. Therefore, we believe that we provided evidence to
support our conclusions.

• Handling:

Handling practices could vary greatly even among the commercial growers, depend-
ing on their production scale, climate, location, and resources. Although we performed
the best practices for our indoor lab-scale operation systems guided by our world-class
greenhouse crew members, it appears that STEC was accidentally introduced into the
systems. Therefore, the introduction of clean fish stocks into aquaponics is essential. Again,
it is important to note that the bacteria were not transferred to the edible portion of the
plants, therefore highlighting the importance of good handling practices in soilless systems
to avoid splash as much as possible during production and harvest.

2. The AA claimed that further research must be performed to prove that cold-blooded,
non-mammal aquatic species such as tilapia can harbor STEC and that a wide group
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of studies, university professors and industry professionals currently refute the possi-
bility that tilapia can harbor this strain.

Certainly, STEC did not originate from cold-blooded vertebrates like tilapia, but there
are several supporting articles that, if contaminated, fish can be a potential carrier of
pathogenic E. coli.

According to the descriptions provided by the EFSA BIOHAZ Panel (2020) [4], Es-
cherichia coli is a facultative anaerobic, Gram-negative, non-spore forming bacterium of the
Enterobacteriaceae family. It is part of the normal gastrointestinal flora of humans and of
many warm-blooded animals, often present as a harmless commensal. On the other hand,
pathogenic E. coli include variants causing enteric illnesses, and Shiga toxin-producing
E. coli (STEC) is one of the six E. coli pathotypes [5]. Pathogenic E. coli may be present in
aquatic environments following the release of fecal material into water bodies from the
natural hosts.

The EFSA BIOHAZ Panel (2020) reported that pathogenic E. coli (mainly STEC, but
also ETEC and EPEC) have been detected in fresh fish at landing or at markets [6–13],
in fishing ponds [14], and in aquaculture farms [15,16]. When fish were reared in ponds
where the concentration of coliforms was low, a small number of E. coli O157:H7 cells
were recovered from the intestines of tilapia, common carp, silver carp, and another four
species of freshwater fish [17,18]. Transient colonization of the bacterial pathogens has
been demonstrated in fish intestines when the fish were exposed to the contaminated
water [19,20]. Foodborne pathogens can be carried in fish intestines for up to 7 days [21].
If a contaminated fish is introduced to an aquaponic system, fish feces can be a potential
source of contamination of pathogens for fresh produce [22], because the bacterial intestinal
flora of fish can survive for up to 84 days in water at 20–30 ◦C [23,24]. Although refrigera-
tion temperatures are non-permissive for pathogenic E. coli, with the minimum growth
temperature being 7–8 ◦C [25], outbreaks associated with fish consumption have been
occasionally reported [4,26–28].

3. The AA claimed that the lack of traceability is a concern

The purpose of this study was to determine the occurrence of foodborne pathogens
in greenhouse-based aquaponic and hydroponic systems. We examined fish feces as one
of the potential contamination sources because it was evident that RO water and seeds
were not the contamination sources. Tracing the origin of contamination was not our major
interest as it was beyond the scope of this study and requires dedicated personnel and
funding. While there are many studies reporting foodborne pathogens in fresh produce,
not all studies have traced the origin [29–33].

4. The AA suspected that a two-month-old system in a controlled environment lab could
have been so quickly contaminated.

Our systems were built in 2015, and we have used these systems for several research
projects [34–38]. In this particular study, we sanitized the systems one-month before the
start of the study by filling the systems with RO water, we added the fish back to the
systems, and introduced and grew new plants for 2-months in the systems. Many of the
details, including these procedures and timelines, cannot be fully described in the paper
due to the space limitation. The lack of detailed information in the paper might have
caused the AA to think it is a two-month-old system. Since this study was conducted
between December 2017 and February 2018; the systems were two- to three-years-old at
that time. It is also important to note that both the hydroponic and aquaponic systems are
housed in the same greenhouse bay at Purdue.

5. The AA claimed that if hydroponics used synthetic nutrients, there would be very little
chance for the E. coli to survive without a biological host or continuous contamination
source being present.

In a study evaluating the survival of E. coli O157:H7, non-O157 Shiga toxin-producing
E. coli, and Salmonella in hydroponic fertilizer solutions, Shaw et al. (2016) found that
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the foodborne pathogens survived for 24 h in a fertilizer solution, and populations grew
more rapidly in these solutions than in untreated water [39]. The authors addressed that
human pathogens accidentally introduced in hydroponic systems can rapidly propagate
and spread throughout the system and potentially contaminate the entire crop. Our study
points out that such accidental introduction could occur, and therefore, the likelihood of an
accidental introduction should be paid attention to and pointed out to avoid food safety
issues in indoor systems.

6. The AA claimed that the lack of third party or peer university test verification is
a concern.

The microbiology technique used in the study is a routinely and widely used method
in the field of food safety. We are confident in our results because the results were confirmed
from over 250 samples for STEC (18 samples per each treatment). It is common in academic
research when using their own facilities to not use a third-party lab or to verify the results
through other labs. This is especially true when the researcher’s lab has a strong capacity
to handle samples properly.

7. The AA expressed concerns about our handling and management practices and the
safety of our students and staff.

Our aquaponic and hydroponic systems are dedicated to scientific research. The fish
and plants in our aquaponic systems are not for sale and used only for research purposes.
Appropriate personal protective equipment (PPE) is provided to ensure occupational health
and safety of the students and staff working in the greenhouse. After each experiment,
we strictly follow the protocol to handle and dispose of diseased/dead fish. All plant
materials grown from the systems are disposed of or processed for data collection. Our
lab-scale aquaponic systems are situated in the greenhouse section where the access of
other personnel is limited. After each experiment, the systems are sanitized for the next
experiment.

8. The AA pointed out that our recommendation on sterilization is inaccurate and could
be detrimental to proper food safety practices.

We recommended that “Our results indicated that contamination with bacterial pathogens
could likely be reduced in aquaponic and hydroponic systems if the entire system—except biofilters—
were thoroughly sanitized before each use and pathogen-free fish were used for the operation.”

We appreciate the AA for their suggestions and concerns regarding our recommen-
dation on sanitation. It would have been described more accurately by including “except
biofilters” in the sentence, as shown above. However, we do not agree that the impact
of sanitation could be detrimental to proper food safety practices. Because “thorough
sanitation” can negatively affect the microbiome, some reduction in the initial growth of
fish and plants is expected, but the growth of fish and plants can recover as soon as the
microbiome is re-established.

2. Conclusions

Our results and conclusions were based on the scientific data and scholarly articles
published by others. Due diligence was made to ensure that STEC was correctly identified
according to the methods stated in the paper. Based on scientific reasoning, we concluded
that fish feces were one of the significant sources of STEC in the aquaponic systems due
to the handling of the fish. There may be a need to conduct future research focusing on
identifying contamination sources in soilless systems.

In closing, we believe that the advancement of scientific knowledge is promoted by
accumulated research and should be pursued by all scientists. We hope our response
addressed all the questions raised by the AA and clarified some of the confusion over
the manuscript.
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