NATIONAL ‘
Aquaculture

One Industry, One Voice

NAA & Antibiotic Usein Aquaculture:
Center for Disease Control Rebuttal

Memorandum
Date: December 20, 1999
From: NAA, Aquatic Animal Health Committee

Subject: Review of Dr. Fred Angulo’s memo, October 18, 1999 titled: Use of antimicrobial
agentsin aquaculture: potential for public health impact.

Thisisareview of Dr. Fred Angulo’'s analysis (attached) of the scientific literature regarding the
potential public health impact of the use of antimicrobial agents in aquaculture. Fred Angulo isa
medical epidemiologist with the National Center for Infectious Diseases, Centers for Disease
Control and Prevention (CDC). The National Aquaculture Association had challenged the
lobbying efforts of Dr. Angulo in aletter dated September 24, 1999 and had requested the factual
basis for his comments that certain US aguaculture practices posed a significant risk to public
hedth.

The CDC analysis pieced together selected literature from peer reviewed journals in its attempt
to substantiate their concerns. This was done presumably because there is no substantive
evidence for aquaculture practices endangering public health. The CDC analysis made gross
generalizations, assumptions and extrapolations in order to support their position. In at least one
instance they have misread the scientific literature. CDC did not cite any evidence of problems
potentially associated with US aguaculture practices but instead relied on isolated instances
occurring in other countries. The CDC did not critically examine scientific literature that
suggests factors other than antibiotics may account for aquatic bacteria that demonstrate
antibiotic resistance. The CDC did not differentiate US agquaculture practices from those
occurring elsewhere. There does not appear to be any recognition for the differences in the
restrictive drug approval process in the US compared to other countries. There does not appear to
be any recognition for differences in hygiene between countries and these differences create
different potential to impact human health. There does not appear to be any recognition for the
differences in husbandry practices in the US compared to other countries. All of these factors
create a barrier to resistance transfer and could substantially impact relative risk.

The CDC analysis correctly identifies the potential for antimicrobial use under aquaculture
conditions to select for bacteria resistant to an antibiotic. Thisisin agreement with widely
documented scientific evidence that antimicrobial use of any extent in any environment is likely
to select for antibiotic resistant bacteria in that environment (e.g. O’ brien et a. 1987; Courcol et
al. 1989; Inglis et a. 1993; Lewis 1995; Gaynes 1997; Levy 1997; Cristino 1999). Most



scientific evidence highlights antibiotic resistance development in the human hospita setting
although modifying factors in this environment have been identified (Gaynes and Monnet 1997).
There are only afew reportsin the international and US scientific literature describing the
occurrence of resistant bacteria following use of antibiotics for therapeutic purposesin
aguaculture (e.g. Tsoumas et a. 1989; Cooper et a. 1993; Starliper 1993). On the other hand,
antibiotic resistance has also been observed in bacteria obtained from wild fish. Pettibone et al.
(1996) isolated multiple antibiotic resistant Aeromonas spp. from wild brown bullhead (Ictalurus
nebulosus) captured from the Buffalo River in New Y ork. The assumption in this research was
that extensive contamination of the Buffalo River with antibiotics from sewage outfalls led to the
occurrence of antibiotic resistant aeromonads that could infect or colonize fish. Several others
(e.g. Smith 1970; Grabow and Prozesky 1973; Baya et a. 1986; and Hirsch et al. 1999) have
documented that antibiotics or antibiotic resistant bacteria can occur in sewage. Antibiotic
resistant bacteria may also occur in the apparent absence of antibiotic use. Baya et al. (1986)
found that nearly 24% of bacteria from clean water open ocean sites were resistant to penicillin
and 14% were resistant to erythromycin. Spanggaard et al. (1993) noted 6% of bacterial isolates
obtained from an unpolluted stream in Denmark were resistant to oxytetracycline. The factors
responsible for the occurrence of antibiotic resistance in the absence of antibiotic use were not
elucidated but deserve careful consideration. McPhearson et al. (1991), Kapetanaki et a. (1995),
and Vaughan et al. (1996) report that other factors such as relatively high levels of nutrients can
giveriseto increases in the frequency of resistant bacteria in aguatic environments. These
bacteria appear to be tolerant of antibiotic because of membrane mediated resistance (Smith et al.
1997) that is not plasmid mediated and occurs even in the absence of antibiotics. More recently
Gilliver et al. (1999) report a significant level of antibiotic resistant Enterobacter from wild
rodents living in an environment free of antibiotics attributed to human usage. The factors
accounting for prevalence of this resistance are also unknown.

The CDC did not critically evaluate differences in resistance breakpoints amongst the scientific
literature they cited. While this may have been beyond the scope of their assignment, the issue
merits considerable examination. The danger of assuming all literature published is relevant and
indicative of real resistance was recently illustrated by Ewert (1998). Ewert (1998) compared the
resistance breakpoints used by the United Kingdom’s Laboratory of Enteric Pathogens (LEP) to
the breakpoints used by the US National Committee for Clinical Laboratory Standards (NCCLYS)
for Salmonella typhimurium and ciprofloxacin. The LEP breakpoint is 0.25 pg/ml while the
NCCLS breakpoint is 4 ug/ml. Clearly, international standardization of resistance criteriais
essential if decisions about public health risk are to be made. Such analysis of the CDC literature
cited was a so beyond the scope of our analysis.

The CDC analysis correctly identifies that resistance can occur among aguatic bacteria that are
not fish pathogens. The evidence cited above supports this. However, the CDC analysis suggests
resistance will not occur in areas not subjected to antibiotic use. Thisis incorrect as identified
above (e.g. Bayaet al. 1986; Spanggaard et al. 1993: and Gilliver et al. 1999). The CDC analysis
of the literature cited (Ervik et al. 1994) isin error. Ervik et a. (1994) did not examine the
prevalence of antibiotic resistant bacteriain fin fish from untreated areas as suggested by CDC.
Only blue mussels (Mytilus edulis) were in fact examined yp to 500 m away (a reference station)
from a marine net pen fish farm. A greater prevalence of resistant bacteria were isolated from the
blue mussels collected next to the farm but resistance was still detectable even at the reference
station. Factors accounting for resistance distant from the fish farm were not explored but could
be related to factors independent of antibiotic use (McPhearson et al. 1991; Kapetanaki et al.
1995; Vaughn et al. 1996; and Smith et al. 1997). Ervik et a. (1994) did examine the



concentration of oxolinic acid and flumequine antibiotics in blue mussel and wild fish tissue near
the net pen. Highly variable concentrations were detected ranging from 0.95t0 4.89 pg g.* Ina
similar but more extensive examination of blue mussels, Coyne et al. (1997) examined the
concentration of oxytetracycline. Oxytetracycline was not detected in mussels collected 20 m
from the net pen. Coyne et a. (1997) observed significant concentrations of oxytetracyclinein
mussels but the presence was extremely transient and affected mussels were confined to the
immediate proximity of the cages. These authors suggested that the most prudent action to limit
any potential human health risk was to educate farm personnel as to the risks. The implication is
to refrain from eating mussels obtained from the immediate vicinity of the net pensif there was
concern by the employee.

The CDC correctly states that antimicrobial resistant bacteria occurring in aquaculture
environments could transfer resistance factors to other bacteria but how frequently this occursin
the environment is not known. We believe a similar transfer can occur from other bacteriato
those occurring in the aquaculture environment. Thus, under artificial environments, Kruse and
Serum (1994) demonstrated that resistance plasmids could be transferred from the human
pathogen Vibrio choleraeto the fish pathogen Aeromonas salmonicida and from a bovine E. coli
isolate to A. salmonicida. What is not clear is how successful such transfer would be under real
conditions. Kruse and Sgrum (1994) used simulated natural environments and controlled
laboratory conditions attempting to answer this question. Factors that may influence the transfer
probability include probability of sharing the same environment, bacterial abundance and
temperature. Clearly additional study is required if the significance of such transfer potential
from fish pathogens or aquatic bacteria to human pathogenic bacteriais to be properly
determined. The CDC analysis did not address the probability of this occurring. At lease some of
the antibiotic resistance detected in aguatic bacteriais not transferable (Wood et al. 1986;
Griffiths and Lynch 1989; Piddock et al. 1989; and Barnes et al. 1990).

The CDC analysis correctly identified a possibility of the transmission of bacteria present under
aquaculture conditions to humans however the CDC did not address the probability of such
transfer. Aquaculture is unique in that zoonotic bacteria are rare in most aguatic animals. The
CDC also did not address the factors accounting for such transfer when it did occur, which is
rare. Only rarely have people become infected with bacteria present in or on fish and these are
usually associated with conditions of poor hygiene or consumption of raw products. Fish are
poikilothermic animals such that few bacterial pathogens of farmed fish in temperate climates
are capable of infecting humans (Alderman and Hastings 1998). Rarely can even warm water
fish pathogens or aguatic bacteria occur in humans. Thus, there are isolated reports of various
bacteria infecting both fish and humans; for example Aeromonas hydrophila, Edwardsiella
tarda, Pleisiomonas shigelloides, and Streptococcus iniae (Smith et a. 1994; Weinstein et al.
1997). While the relative frequency of such infections in humans appears low, they can occur.
Infection with S. iniae occurred in personnel involved in the processing of Tilapia but has not
been reported since itsinitial detection. CDC describes a scenario they believe suggests that
human infectionwith antibiotic resistant Vibrio cholera occurred because of the transfer of
resistance factors from non-cholera Vibrio present in shrimp from Ecuador shrimp farms. While
such atransfer scenario is plausible, the probability of this occurring is unknown and likely very
small. More probable aternative explanations can be presented. An epidemiologic case-control
study of the cholera epidemic in Ecuador identified several risk factors for infection that included
drinking unboiled contaminated water, drinking a beverage from a street vendor, eating raw
seafood, and eating cooked crab (Weber et al. 1994). These risk factors suggest poor hygiene
was a significant factor in the Ecuador cholera epidemic. Another possibility, for example, is that



delivery and use of antibiotics in Ecuador are not well regulated for shrimp or for humans.
Unregulated human use of antibiotics could promote occurrence of antibiotic resistant V. cholera
in human carriers, fecal matter and sewage. Subsequent disposal of sewage could contaminate
shrimp farms and farm workers. Antibiotics used in Ecuador for humans or for shrimp may aso
be substandard (Arya 1999). Substandard drugs, whose activity is greatly diminished, could
increase the probability of developing bacterial antibiotic resistance. The CDC analysis also cites
the occurrence of Vibrio vulnificus infections amongst individuals handling live Tilapia
produced in Israel (Bisharat and Raz 1996). In the Israeli incident, Tilapia were
uncharacteristically marketed alive rather than euthanized. Subsequent handling of the live fish
led to various penetrating wounds from the spines of the Tilapia. The source of the bacteria
associated with the infections may have been bacteria carried by live Tilapia. Proper food
handling is a well-known preventive for minimizing food borne illness. In Israel, when the fish
were no longer marketed live, human Vibrio infections ceased to occur (Bisharat and Raz 1996).
Various Vibrio species are normal bacteria florain the marine environment (Baumann et al.
1984) so it is to be expected that fish obtained from that environment would have these bacteria
present. It is probably appropriate to assume infections could occur again if live fish are not
handled carefully. Proper handling may have a significant impact on the prevalence of food
borne pathogens. Parsonnet and Kass (1987) found very low prevalence of infection with
antibiotic resistant E. coli among female poultry abattoir workers exposed to considerable
amounts of antibiotic resistant bacteria. While not absolute protection, it seems reasonable to
believe that washing hands minimizes infections from poultry borne Salmonella and
Campylobacter as does attention to good processing practices and proper cooking. CDC further
cites reference to food borne disease from V. parahemolyticus infections in Japan which were
linked to farm raised finfish. V. parahemolyticus infections may occur as the result of
consumption of raw, improperly cooked or recontaminated seafood (Oliver and Kaper 1997).
Consumption of raw seafood in the United States is relatively rare (with the exception of raw
molluscs) but does occur. CDC also cites isolation of Salmonella from farm raised fish and
shrimp ponds. Salmonella are ubiquitous in the natural environment (D’ Aoust 1997) but whether
all species or serovars can cause disease is unknown. CDC implies but does not state that the
Salmonella from farm raised fish environments could cause human disease. Certain genes are
required for full virulence. For example, it is believed that the invasion gene operon, invA, is
essential in Salmonella for full virulence (Galan and Curtiss 1989). Salmonella virulence is also
associated with a virulence plasmid spvC (Gulig et al. 1993) which is not present is all
salmonella. Swamy et a. (1996) demonstrate that non-typhimurium Salmonella infrequently
have the spvC plasmid. Bjorkman et a. (1998) found that most S. typhimurium mutants resistant
to streptomycin, rifampicin, and nalidixic acid were avirulent in mice suggesting they would also
be avirulent in humans. It remains to be demonstrated that Salmonella spp from farm raised fish
or shrimp ponds might cause human disease and if so under what conditions.

In the United States, the US Food and Drug Administration monitors the occurrence of
Salmonella in seafood. In the 1998 Salmonella in Seafood Assignment (DOEP 98-12) Summary,
Salmonella spp were detected in 11 of 405 samples tested (2.7%). Of these eleven, eight were
from aguaculture operations. All of these had been further processed to some extent so the origin
of the Salmonella spp. could not be ascertained. The seafood with the highest abundance of
Salmonella was from wild captured shrimp from India. Hatha and L akshmanaperumal samy
(1995) sampled the prevalence of Salmonella among fish and crustaceans from four major
seafood retail outletsin India. A total of 240 Salmonella strains were isolated from 1,006
samples (24%). Of these, 9% were resistant to bacitracin, 7% to chloramphenicol and 46% to
oxytetracycline. The authors conclude that the high prevalence of resistance was due to the use



of human wastewater in aguaculture industries of third world countries. Post- harvest
contamination of products might also arise from processing under poor sanitary conditions
according to these researchers.

The CDC states that "these and other reports indicate that bacteria present in aguaculture
ecosystems can be transmitted to humans.” The implication of this statement is that there is
something unique about aguaculture ecosystems that promote the occurrence of potentially
pathogenic bacteria. While there are indeed reports documenting the occurrence of human
pathogens in aquaculture ecosystems, the occurrence of actual human disease associated with
these environments is rare. No reports documenting that fish farm workers have a greater
prevalence of bacterial disease than those working in other environments could be discovered.

Review of CDC Water Related Disease Reports (St. Louis 1988; Levine et a. 1990) did not
document any disease outbreaks associated with US fish farms. The CDC does not currently
have a monitoring program directed specifically at aquaculture facilities or areas. Alderman and
Hastings (1997) argue that the probability of pathogens from fish farms affecting humans is very
low.

CDC cites eviderce suggesting that Salmonella serotype typhimurium definitive type 104 (DT
104) that are tetracycline resistant may have originated in aquaculture. The evidence for thisis
ascribed to the unique class G resistance gene that was first described in isolates of V.
anguillarum, a pathogen of fish. CDC further speculates that the novel florfenicol resistance
gene (florR) in S. typhimurium DT 104 came from Photobacterium (Vibrio?) damsela, a bacteria
found on or in marine fish and in marine environments. These arguments are highly speculative.
The detection of a unique class of resistance gene in a fish pathogen for the first time may merely
be due to a fortuitous examination of a particular isolate. Bolton et al. (1999) state that
florfenicol-resistant E. coli are also flog (which is the same as florR) positive and that florfenicol
resistance is likely to be more commonly found in other bacterial speciesif testing is done.
Bolton et a. (1999) also suggest that it has not been the use of florfenciol in cattle that accounts
for the occurrence and perhaps selection of the flog geneotype but rather other factors. The CDC
argument is further discredited by the recent detection of the class G tetracycline resistance gene
in Pseudomonas isolates collected from Michigan apple orchards with no or limited history of
oxytetracycline useage (Schnabel and Jones 1999). CDC stretches credibility in speculating that
the origin of the S. typhimurium DT 104 florRwas from P. damsela. The P. damsela reported by
CDC (but not specifically referenced in their memo) was probably cultured from wild fish not in
those raised under aguaculture conditions (Love et al. 1981). In contrast to CDC, Briggs and
Fratamico (1999) cite evidence that DT 104 commonly occurs in cattle and has been contracted
by humans exposed to cattle. Wall et a. (1995) provide evidence for the transmission of S,
typhimurium from cattle to man. Reports documenting the transmission of S typhimurium from
fish to man could not be found.

CDC speculates that antimicrobial resistance determinants resulting from aquaculture’ s use of
antibiotics are transferred to human pathogens at a frequency greater than previously suggested.
In contrast to the CDC speculation, recent reviews (Smith et.al. 1994; Alderman and Hastings
1997) provide evidence that the probability of antimicrobia resistance occurring in human
pathogens as a result of the use of antibiotics in aguaculture is low. These authors state that the
probability of resistance transfer in the USis even less than in other countries because of the
very restrictive approval process and the conditions of use in the US. We add that animal
production regimes and management conditions practiced in the US further reduce probability of



resistance gene transfer. Most of the aquaculture practiced in the US are freshwater based and
most have relatively good control over the effluent through settling ponds that capture solids.

The CDC review is highly speculative and does not address probable risk. The CDC review
does not differentiate between aguaculture in the US or in other countries. Aquaculture practices
differ dramatically from country to country particularly regarding the use of antibiotics. In Japan
for example, 29 antibiotics or combinations may be used (Okamoto 1992) and in Chile 16-17
drugs may be used. In contrast, only two antibacterial drugs are approved, available and used in
the US aquaculture food fish industry. Antibiotics are not used in US aquaculture as growth
promoters and are only applied for the treatment of certain bacterial diseases. Considerable
difference also occurs in the type of water used to cultivate aquatic animals. In China and India
for example, waters from human sewage may be used. Kontara and Maswardi (1999) report
integrated aquaculture iscommon in Indonesia. Integrated aquaculture occurs when fecal matter
from a poultry operation is deposited in a fish pond to fertilize the pond stimulating algal growth
for fish consumption. In the US, this practice does not occur nor is sewage used as a source of
aquaculture water. Processing standards are also substantially different. FDA recently instituted a
mandatory seafood processor Hazard Analysis Critical Control Point program which provides
increased assurance that only approved antibiotics are used and not misused, and processed fish
are not likely to contain human pathogens.

CDC has not addressed the issue of whether reduction in the use of antibiotics in US aquaculture
would make a significant difference in the prevalence of antibiotic resistant human pathogens.

This is an important question because its answer would have great bearing on how best to
address the use of antibiotics in US aquaculture. Conflicting reports, even in hospital settings
where success is most likely, make such ajudgement difficult. One report (Cristino 1999)
suggests reduction in use of macrolides in Danish hospitals has led to a decrease in the
prevalence of erthromycin resistant Staphylococcus pyogenes. While this requires further
exploration and does not address animal agriculture or aquaculture uses, other reports fail to
substantiate this observation. Two recent reports (Schragg and Perrot 1996; and Levin et al.
1997) suggest reduction in antibiotic use will have little impact on the prevalence of resistant
bacteria. A differential impact between hospitals and other environments might be expected
because of differencesin dynamics. Over prescription of antibiotic in hospitals is one potential
factor. Hospitals are also subject to considerable bacterial migration as patients enter and leave.
Such migration and replacement of bacterial populations could occur in an accelerated fashion
because of routine sanitation that destroys resident microflora. In contrast, outside the hospital,
such sanitation practices are unlikely to occur and change in microbial flora could be slower.
Other factors likely to affect resistance gene transfer probability are cell density and donor-
recipient compatibility. Considerably more information must be available before informed
decisions can be made.
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