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Consumer Reports welcomes the opportunity to comment on the Environmental
Protection Agency’s (EPA) proposal to allow new uses of the active ingredient
streptomycin sulfate on citrus crop group 10-10 to control the bacterium Candidatus
Liberibacter asiaticus (CLas), the causal agent of citrus huanglongbing (HLB), also
known as citrus greening disease, and the bacterium Xanthomonas citri citri (Xcc), the
causal agent of citrus canker disease.
Consumer Reports is an independent U.S. non-profit organization that works side
by side with consumers for truth, transparency and fairness in the marketplace, through
research, testing, journalism and advocacy.1 We have more than 6 million members, and
more than 1.7 million volunteers and online activists. Consumer Reports seeks to
establish strong pro-consumer policies and protections to create a fairer, safer and
healthier world.
EPA proposes to allow streptomycin to be sprayed on all citrus trees in the United
States, up to three times a year. Based on current commercial citrus acreage, the amount
allowed to be sprayed totals more than 900,000 lb. We urge EPA to reverse its decision
to allow use of streptomycin in citrus, which would represent a 26-fold increase in the
amount of streptomycin used in plant agriculture, since such use could pose unacceptable
risks to human health and the environment, risks which have not been adequately
investigated. The risk of increased antimicrobial resistance is especially concerning.
EPA’s decision runs contrary to efforts by other parts of the US government to reduce
antibiotic use in agriculture and human medicine, in order to combat resistance.
Streptomycin is classified by FDA as highly important in human medicine and is used to
address hard-to-treat tuberculosis infections, and bubonic plague, among other diseases.
The quantity of streptomycin that EPA proposes to allow to be sprayed on citrus is more
than 66 times the amount of aminoglycosides (which includes streptomycin) used in
human medicine. This large increase in use increases the chance of development of
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resistance due to the increased selection pressure. EPA’s evaluation of the risk of
increased antibiotic resistance is seriously flawed.
EPA has also failed to adequately consider risks to non-target species, particularly
honey bees. EPA did not evaluate streptomycin’s potential effect on the bees’ gut
microbiome, which could make them more susceptible to disease.
We urge EPA not to allow the use of this medically important antibiotic in citrus
production to combat plant diseases. If use is permitted, EPA should restrict application
to injection of infected trees, rather than canopy spraying. At a minimum, we urge EPA
to classify it as a Restricted Use Pesticide, so that it can only be applied by licensed
trained applicators.

Background
Antimicrobial resistance is a growing global problem that threatens human health
in the United States and throughout the world.2 The Centers for Disease Control and
Prevention (CDC), estimates that in the United States, each year, at least 2 million people
acquire serious infections with bacteria that are resistant to one or more antibiotics and at
least 23,000 people die as a result.3 The Infectious Disease Society of America (IDSA)
notes that the annual cost of infections caused by antibiotic-resistant pathogens is
between $21 and $34 billion and that “Antimicrobial resistance is recognized as one of
the greatest threats to human health.”4
Experts agree that antibiotic use in human medicine and plant and animal
agriculture should be reduced in order to slow development of resistance.5 FDA, in an
effort to reduce antibiotic use in animal agriculture, issued regulations and guidance that
ended all use of medically important antibiotics for growth promotion and required a
veterinarian’s supervision for use in disease prevention and treatment, in 2017.6
Streptomycin, an aminoglycoside antibiotic, is classified by the US Food and Drug
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Administration (FDA) as highly important in human medicine.7 It is used to treat,
among other things, tuberculosis when other antibiotics have failed; bubonic plague;
tularemia; brucellosis; E.coli, Proteus, A. aerogenes, K. pneumoniae, and Enterococcus
faecalis in urinary tract infections; K. pneumoniae pneumonia (concomitantly with
another antibacterial agent); and Streptococcus viridans, Enterococcus faecalis (in
endocardial infections -concomitantly with penicillin).8
EPA is authorizing a massive increase in the use of this antibiotic dwarfing use in
human medicine, and exceeding current use in any other agricultural sector. The EPA
notes that, “[t]he rapidly spreading and devastating nature of HLB makes it plausible that
the full label-rate will be used on all affected citrus acreage.”9 The requested uses are for
up to three ground spray applications of 0.45 lb of streptomycin sulfate per acre, for a
maximum annual rate of 1.35 lb streptomycin sulfate per acre. Since according to
USDA’s National Agricultural Statistics Service, there was 697,900 acres of citrus
planted in 201710, this would mean that 940,000 lb, or 428,000 kg, would be used on
citrus per year. By comparison, currently, some 36,000 lb of streptomycin sulfate are
used to control disease in apples and pears.11 Thus, the proposed usage of streptomycin
sulfate in citrus would represent over a 26-fold increase in streptomycin use in plant
agriculture.
The 428,000 kg of streptomycin would also be 1.6 times the 259,184 kg of
aminoglycosides (which include streptomycin) sold for use in animals in 2017.12 The
proposed citrus use is more than 66 times the 6,485 kg of aminoglycosides used in human
medicine in 2011.13
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This massive increase in use of streptomycin in plant agriculture runs counter to
the strenuous efforts currently being made to reduce antibiotic use in animal agriculture
and human medicine, both nationally and globally.14 It is not an appropriate action
considering the public health crisis that antibiotic resistance poses.

Assessment of Ecological Risks
EPA’s environmental risk assessment is inadequate. Its Assessment of Ecological
Risk fails to adequately consider the potential for antimicrobials to disrupt microbial
ecosystems in the soil, on the plant, and in non-target organisms. In addition, it also fails
to consider the potential impact of streptomycin on the microbiomes of humans, animals
and insects. We are particularly concerned about the inadequacy of EPA’s consideration
of effects on honey bees.
Effect on Honey Bees
Of particular concern is the impact of streptomycin on pollinators, such as honey
bees, which are attracted to citrus flowers. EPA states that streptomycin is classified as
“practically nontoxic” to honey bees on an acute exposure basis.15 However, EPA’s risk
assessment did not consider studies showing that antimicrobials can have an adverse
effect on the honey bee microbiome, which could increase its susceptibility to disease. A
2017 study found that streptomycin and penicillin disrupted the gut bacteria
(microbiome) of honey bees, decreasing the immune response and making the honey bee
more vulnerable to infection by the microsporidian parasite Nosema ceranae, which is
already a huge problem for honey bees.16 Since the first application of streptomycin
would be during the flowering period, honey bees that are visiting citrus flowers for
nectar could be exposed to significant amounts of streptomycin.
There is also a possibility that honey bees could disperse streptomycin resistance
genes (strA-strB), something EPA should evaluate before allowing this use of
streptomycin. A study published in 2018 found that the strA-strB genes from the Tn5393
transposon can be detected in the gut microbiota of honey bees, noting that the study is
“the first to report horizontal gene transferred (HGT) streptomycin resistance genes (strAstrB) in a honeybee gut symbiont. Our data suggest a direct link between the use of
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streptomycin in crop farming and dispersal of streptomycin-resistant genes.”17 The same
study also noted that an identical Tn5393 had previously been identified in E. coli
plasmid pVI-W9608, so clearly the Tn5383 transposon can transfer between distantly
related bacteria, including plant pathogens and human pathogens. Although the Tn5393
transposon has not been found in CLas or the Xanthomonas citri citri, the target
organisms, it has been found in related Xanthomonas species, suggesting that it may be
able to move into Xcc. The reason Tn5393 has not been found in CLas is likely due to
the fact that CLas is an unculturable bacteria, so it can’t be grown and studied in the lab.
Honey bees are major pollinators in US agriculture and are often shipped long
distances to pollinate crops. The fact that the Tn5393 transposon can move into gut
bacteria of honey bees means that there is now the potential for widespread movement of
the strA-strB genes within the honey gut microbiome and between habitats due to
shipment of honey bees for pollination purposes. EPA has not addressed this risk. EPA
should not go forward with this decision without requiring significantly more data on
effects on pollinators, especially the impact on microbiome, disease susceptibility, and
potential for resistance gene transfer and spread to far flung environments as the honey
bees are moved throughout the country to pollinate different crops.
Effect on Microbiomes of Other Species
EPA proposed decision cites data showing that streptomycin is “practically
nontoxic” to birds18 and mammals.19 However, EPA does not consider whether
antibiotics are likely to have an impact on microbiomes of these species. There is a good
deal of work showing that disruption of microbiomes in mammals,20 birds,21
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amphibians22 and terrestrial invertebrates23 can have negative health impacts on those
organisms, and that antibiotics can cause disruption of microbiomes. Organisms that are
living in the citrus orchard ecosystem could encounter residues of streptomycin in the
water they drink, consumption of citrus fruits or leaves, or be exposed to the canopy
sprays, or if they are eating other organisms that have contacted the spray. EPA has not
assessed how a number of species that are likely to be exposed to streptomycin sprays
will be affected and in particular how their microbiome might be affected. This should
be done before use is allowed.
Human Safety
Humans may be exposed to low levels of streptomycin either through
consumption of citrus juice or via drinking water if they live in citrus producing areas.
EPA has proposed tolerances for streptomycin residues of 2 ppm for citrus fruits and 6
ppm for dried fruit pulp.24 Since streptomycin does not concentrate during processing
that means that there could be up to 2 ppm of streptomycin in juice. In addition, as part
of their risk assessment, EPA calculated that in the worse case, e.g., use of streptomycin
on all acreage of citrus and maximum allowed rates, the result in drinking water would be
“acute exposure [of streptomycin] of 932 parts per billion (ppb), and for chronic
exposures (non-cancer) is estimated at 760 ppb.25
These low residue and drinking water levels can pose a real risk. A 2011 study by
Swedish scientists showed that an extremely low level of streptomycin, 1 ppm, dubbed
the “minimal selective concentration,” was enough to not only select for pre-existing
resistance in Salmonella typhimurium, but also new mutants: “The data … show that
these sub-MIC [minimum inhibitory concentration] levels of antibiotic do not only enrich
for pre-existing resistant mutants, but they can also select for resistant mutants de novo
from a susceptible population.”26 In addition, the problem of “minimal selective
concentration” is such that a 2016 Swedish study has proposed using MSCs to develop
“presumed no-effect concentrations” for various antibiotics to be used to set regulatory
22
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limits for antibiotics.27 The fact that the permitted residue level of streptomycin in juice
is double this minimum selective level suggests a clear risk of exacerbating streptomycin
resistance. We urge EPA to assess the risk of selection for antibiotic resistance in the
human gut resulting from levels of streptomycin in fruit juice or in drinking water in
citrus growing areas and to consider setting a tolerance level that will be below the
minimum selective concentration before allowing streptomycin use in citrus.
Antimicrobial Resistance Assessment
EPA attempted an antimicrobial resistance assessment, using as a model FDA’s
Guidance for Industry (GFI) 152 on Evaluating the Safety of Antimicrobial Drugs with
Regard to their Microbiological Effects on Bacteria of Human Health Concern.
According to GFI 152, the assessment should start with a hazard characterization,
followed by a qualitative antimicrobial resistance risk assessment that includes a release
assessment, exposure assessment, consequence assessment and then risk estimation.28
Finally, there should be an antimicrobial risk management strategy. There are
deficiencies in how EPA carried out the framework at every stage as well as in their
antimicrobial risk management strategy. Nevertheless, the analysis, by an EPA biologist
and microbiologist, recommended that “use of streptomycin in citrus should be
contingent on establishing baseline data on streptomycin resistance and the presence of
bacteria of human health concern in citrus orchards. A monitoring plan for the presence
of streptomycin resistant..bacteria...should be implemented with reports made to the
Agency.”29 However, EPA has not fully adopted even these limited Recommendations in
its proposed registration decision.
At the start, EPA failed to do a hazard characterization, which GFI 152 says
should be separate from the qualitative risk assessment and submitted as a stand-alone
document. The hazard characterization should include the bacterial species and strains
for which resistance acquisition has potential human health consequences as well as the
known resistance determinants and include genotypic similarities with resistance
determinants in other food-borne bacteria. Since EPA did not do this hazard
characterization, the discussion is jumbled, some times referring to resistance in the plant
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pathogen and other times referring to some human pathogens. EPA should do a hazard
characterization to make clear which hazards are of concern.
In terms of the qualitative risk assessment, EPA has assigned a release assessment
rating of “medium” when a rating of “high” appears justified. In the EPA staff review of
the applicant company’s (AgroSource, Inc) analysis based on GFI 152, an EPA
microbiologist noted that the “release assessment rating for the proposed uses of
streptomycin would be expected to be ‘high’ for the proposed citrus use.”30 This makes
sense since the proposal is to spray every acre of citrus in the US three times a year. This
clearly is a “high” release scenario. Yet, in the Proposed Registration Document, the
release assessment rating has been listed as “medium” “based on the information
available for streptomycin control of Xcc.”31 However, they go on to note that HLB is
such a severe disease that it “makes it plausible that the full label-rate will be used on all
affected citrus acreage.”32 Clearly, use of streptomycin on every acre of citrus in the U.S.
constitutes a “high” release assessment. EPA should base the release assessment on
HLB, not the data it might have on Xcc, and change the release assessment to “high.”
For the exposure assessment, EPA estimates that exposure from consuming
treated foods yields a rating of “medium.” In terms of the consequence assessment, EPA
has determined that it is “highly important” since streptomycin is considered “highly
important” in human medicine. EPA does note that the assessment may change to
“critical” if it has been shown that use in citrus affects the clinical efficacy of
streptomycin or selects for multiple drug resistance.
With a release assessment of “medium,” an exposure assessment of “medium”
and consequence assessment of “highly important,” the overall risk estimate in a GFI 152
antibiotic resistance risk assessment becomes “medium.” GFI 152 states that an overall
risk estimate can be used to help identify the steps to manage the risk associated with the
proposed new antimicrobial drug usage. Table 8 in GFI 152 lays out appropriate risk
management steps based on the level of risk. For a “medium” risk, FDA recommends the
following risk management steps: 1) drug should only be available by a prescription or
veterinary feed directive, 2) limit extent of use to low or medium, 3) require postapproval monitoring.
The proposed risk management steps in the EPA Proposed Registration Document
do not meet the standard suggested by FDA. First, requiring a veterinarian’s prescription
is not appropriate for plants, but EPA could require professional use. If EPA rated the
product as a Restricted Use Pesticide, only a licensed professional (trained) pest control
30
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operator could apply the pesticide. But, EPA decided not to make it a Restricted Use
Pesticide; they simply decided that the label would say that it “should” be used by a
professional. Based on its GFI # 152 analysis we urge EPA to classify streptomycin, if
approved for use in citrus, as a Restricted Use Pesticide.
Second, in terms of extent of use, treating every acre of citrus in the U.S. would
appear to constitute a “high” extent of use since, according to Table 7 in the GFI 152
which states, “administration to flocks or herds of animals is defined as administration to
all animals within a building, house, feedlot.” Clearly, by analogy, treating all citrus
trees in a single farm, much less all citrus trees in the U.S. would appear to be a “high”
extent of use. This classification has important implications for EPA’s decision.
According to Table 8, in the FDA risk management scheme, high extent of use should
only be allowed for “low” risk antimicrobials, which streptomycin is not. Even if EPA
were to try to restrict this drug to “medium” extent of use, that would still mean
(analogizing from a flock) that only a subset of trees in an orchard could be treated,
which is not what is being proposed.
Three, in terms of post-approval monitoring, EPA also fall short of what the FDA
recommends in its risk assessment model. EPA says it will require monitoring with
“Required protocol submissions on a yearly basis for the first 3 years describing how the
registrant plans to monitor soils and citrus for incidences of antibiotic resistance.”33
However, EPA does not give any suggestions for which bacteria and antibiotic resistance
elements should be looked for. Also, as EPA notes, “Since the HLB bacterium cannot be
cultured with existing methods, there is no information on selection for streptomycin
resistance.”34 How can the registrant monitor for resistance in CLas if they cannot even
culture it? If they cannot monitor for the resistance, how can this even be a judicious use
of an antimicrobial, especially one that is highly important for human medicine? We
urge EPA, if this use is approved, to require a monitoring method which is practical and
feasible to carry out.
Transfer of Resistance
EPA has additionally failed to adequately consider the problem of transfer of
resistance to streptomycin. There are two main sources of streptomycin resistance
genes—those that are on a chromosome and those that are on mobile elements (such as
plasmid, transposon, and integrin). Although there are many streptomycin resistance
genes, the main ones on mobile elements are the strA-strB genes that can more readily
transfer between bacteria. The strA-strB genes are often found on the transposon
Tn5393. The fact that strA-strB genes on Tn5393 are found in wide range of
environmental and pathogenic bacteria “suggests that gene transfer events between
33
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human, animal, and plant-associated bacteria have occurred.”35 The Tn5359 transposon
has been found frequently, and was first noted in the bacteria Erwinia amylovora that
causes fire blight disease in apples and pears.36 A study in Italy that looked at 58
multidrug-resistant Salmonella enterica strains found that 84 percent of the streptomycinresistant strains contained strA-strB genes.37 In some 16 strains, the strA-strB genes also
included part of the Tn5393 transposon, which had previously only been found in
Erwinia amylovora. As the paper noted, “it may be hypothesized that Salmonella
imported this genetic element from plant pathogens, probably through the contamination
of animal feeds.”38
It should also be pointed out that there have been a number of outbreaks of illness
associated with orange juice, including a 2005 outbreak of Salmonella Typhimurium and
Saintpaul in unpasteurized orange juice that sickened 152 people in 23 states.39 Since
strA-strB in TN5393 can move from plant bacteria into Salmonella, there clearly could be
an increased human health risk. The question is whether strA-strB in TN5393 can be
found in either CLas or Xcc and, if so, can it move from citrus to pathogens of human
concern. Although strA-strB in TN5393 has been found in neither CLas nor Xcc, the fact
that CLas is unculturable would make it very difficult to study resistance in that
bacterium. Other species of Xanthomonas related to citrus canker, such as Xanthomonas
campestris, have been found to harbor strA-strB in TN5393.40
This problem is not adequately addressed in any of the EPA documents
supporting its registration decision. We urge EPA to explicitly require monitoring,
especially of strA-strB in TN5393, in Xcc, and other bacteria in the environment. We
note that EPA will require the company to monitor for resistance, but it does not give any
details for which particular resistance gene(s) and which bacterial species should be
included, so we cannot tell how thorough this monitoring will be.
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Concerns of FDA and CDC
EPA notes that there was concern from its federal partners, FDA and CDC,
stating, “Our federal partners expressed a number of concerns on expanding uses of
antibiotics in plant agriculture. Overall, they recommend judicious use, prevention of
drift to neighboring fields/water bodies, and additional protection of agricultural
pesticide handlers from exposure. Limiting unnecessary environmental and human
exposure can reduce the potential for development of antibiotic resistance”41 italics
added. The restrictions that EPA proposes do not appear to adequately address the
concerns of FDA and CDC.
Judicious Use
First, spraying of all citrus in the US does not constitute judicious use, which
should involve minimizing use and addressing disease problems without antibiotics
wherever possible. Although the label states “[u]se only to treat/prevent proven bacterial
infections,” the agency admits that streptomycin does not prevent or cure disease, it only
slows progression: “While streptomycin treatments may inhibit HLB and canker
development, pathogens are not killed by the treatment and long-term disease
management will be necessary.”42 EPA recognizes that the long-term use of
streptomycin to just manage the disease will clearly help select for resistance. EPA in fact
suggests another set of steps that can be taken to minimize the chance of resistance. EPA
suggests using streptomycin as part of an integrated disease management (IDM) program,
which involves scouting, crop rotation, development of disease thresholds, as well as
considering cultural and biological controls. IDM is clearly a superior approach to just
spraying streptomycin. However, it is not required. EPA also suggests that streptomycin
should be regularly rotated with other chemicals such as tetracycline to delay the
evolution of resistance. However, studies from the medical literature show that cycling
of antibiotics of different classes in intensive care units does not seem to work as
expected, showing only limited efficacy for preventing bacterial resistance.43 We urge
EPA to require that other methods of fighting this disease be employed as first choices.
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Prevention of Drift
To reduce environmental exposure, the label states, “To help reduce off-target
drift, direct spray into the canopy, and turn off outward pointing nozzles at row ends and
when spraying outer rows.”44 Although good advice, this hardly prevents drift into
neighboring fields or waters. Spraying of streptomycin into the canopy of trees is bound
to result in drift. The label puts no restriction on wind speed cut off, thus allowing the
spraying to happen in very windy conditions. Another option that would drastically
reduce the environmental exposure, which EPA fails to recommend, is trunk injection. A
2018 study showed that injection of streptomycin did lead to significant reduction of
CLas in the trees and higher fruit yields, while a combination of streptomycin and
oxytetracycline provided longer term control (6 to 8 months).45 Yet EPA never mentions
trunk injection. By injecting the antibiotic, it all goes into the tree, resulting in virtually
no drift, less runoff and significantly lower exposure to non-target organisms including
workers and neighbors, than with air blast canopy spraying. EPA should not approve
streptomycin for canopy spraying. Any approval should only be for trunk injection.
Worker Protection
As for the protection of workers spraying the antibiotic, EPA requires that
workers wear gloves, clothes, protective eyewear, a respirator and a neck covering. Since
this is not a restricted use pesticide, non-professional applicators can apply it and there is
a greater potential for misuse, particularly under hot and humid conditions, than if only
professional applicators could use it. We urge EPA, if it is to approve canopy spraying,
to classify streptomycin as a Restricted Use Pesticide.
While EPA so far appears to have given only very limited consideration to the
concerns of CDC and FDA regarding judicious use, drift mitigation or protection for
workers using the product, EPA has proposed a time-limited registration of 7 years.
EPA says this will give it an opportunity to gather data on antimicrobial resistance trends,
and near the end of that registration period to go back to CDC and FDA to see if they still
have concerns: “a time-limited registration of 7 years on the citrus will allow for a more
complete picture of evolving microbial resistance trends … EPA’s consultation with our
federal partners prior to the end of the time-limitation period will allow the Agency to
incorporate any new medical/veterinary use information and concerns on streptomycin
use into a new current risk picture for streptomycin.”46 While a 7-year review may prove
useful, given the urgency of the antibiotic resistance problem, and the need to prevent
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resistance rather than waiting for it to develop before taking action, we urge EPA to give
those agencies’ concerns proper consideration now.
Conclusion
The EPA’s proposed decision would allow a massive expansion in plant
agriculture, by 26-fold, in the use of streptomycin, a highly important medical antibiotic,
in the U.S. Given the importance of reducing antimicrobial resistance, and given that
EPA has not adequately addressed the risk to the environment (particularly pollinators
like the honey bee), workers and consumers, we urge EPA not to approve streptomycin
sulfate for management of CLas and Xcc at this time. Any approval for streptomycin use
should require a lot more data. If use is approved, any use should only be via trunk
injection. At a minimum EPA should classify streptomycin as a Restricted Use Pesticide
so it can only be applied by a licensed trained applicator.
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