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Abstract

Identifying adulterants in imported foods and refusing contaminated shipments help minimize the
risk of foodborne illness from foreign products and are essential to keep U.S. consumers safe. This
report uses import refusal data from the Food and Drug Administration (FDA) from 2002 to 2019
to explore import refusals based on contamination with pathogens and toxins. The report examines
trends in total, annually, by industry, and by country. The analysis helps identify which pathogen/
toxin is the most common in refused imports, which industries are the most frequently refused in
total and by pathogen/toxin type, which countries are the most frequently refused in total and by
pathogen/toxin type, and what changes occurred over time. From 2002 to 2019, Salmonella viola-
tions accounted for nearly 79.8 percent of all pathogen/toxin violations, followed by Listeria at 11
percent. By food industry group, most pathogen/toxin violations occurred in fishery and seafood
products (44.1 percent), followed by spices, flavors, and salts (26.3 percent). Shipments from India,
Mexico, and Vietnam accounted for 22.9 percent, 14.9 percent, and 8.6 percent of import refusals
due to pathogen/toxin violations, respectively. This report has a limited understanding of which fac-
tors affect the refusals because the dataset does not have the volume of shipments inspected, and the
FDA inspected only a small percent of the shipment, not randomly, based on the previous history.
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Errata
On December 23, the title of figure 4 on page 9 was revised to say, “Total number of pathogen/
toxin violations by industry, 2002-19.” In addition, the titles of figures 11b, 11c, and 11d on pages

17 and 18 were revised to show the correct country.

On January 18, the first row of appendix 2 was revised to correct number of pathogen/toxin
violations by histamine and aflatoxin to match those shown in figure 5. No other text or figures

were affected.
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What Is the Issue?
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In the interest of public health, it is important to understand and minimize pos-
sible foodborne illness risks to U.S. consumers from foreign food products. One
possible risk is that food may be contaminated with pathogens (bacteria, viruses,
or other disease-causing microorganisms) or toxins (mostly produced by microor-
ganisms). While data capable of estimating the risk of foodborne illness from for- g
eign producers is limited, U.S. import refusal data list the most common reasons
why foreign shipments were refused. Previous ERS reports presented 7 to 9 years
of records of import refusals, which was a relatively short period to reveal trends.
The most recent previous report examined data up to 2013. Previous USDA,
ERS reports showed adulteration and misbranding violations in aggregate, but
possible foodborne illness risks more likely resulted from pathogen violations.
This report examines changes in imported shipments that were refused due to pathogen/toxin violations using FDA
data from the Operational and Administrative System for Import Support (OASIS) database from 2002 to 2019.

What Did the Study Find?

Overall pathogen/toxin prevalence in refusals

e From 2002 to 2019, Salmonella violations accounted for 79.8 percent of pathogen/toxin violations, fol-
lowed by Listeria at 11 percent, histamine at 3.6 percent, aflatoxin at 3 percent, and other bacteria at 2
percent. All remaining pathogen types accounted for 0.6 percent of pathogen/toxin violations.

* Annually, the number of violations for Salmonella peaked in 2011, then declined. The number of violations
for Listeria declined from 2003 until 2008 but was volatile with a slight downward trend since 2010.

* Compared to the previous ERS report, the share of Salmonella violations increased from 63 percent from
1998-2004 to 79.8 percent over 2002-19. Listeria violations decreased from 24.8 percent to 11 percent.

ERS is a primary source of economic research and analysis from the U.S. Department of Agriculture, providing timely
information on economic and policy issues related to agriculture, food, the environment, and rural America.

www.ers.usda.gov



Refusals by food industry group

* From 2002 to 2019, most pathogen/toxin violations occurred in fishery and seafood products (44.1
percent); followed by spices, flavors, and salts (26.3 percent); cheese and cheese products (7.1 percent);
fruit and fruit products (6.2 percent); and nuts and edible seeds (5.1 percent). Salmonella was the most
common type of pathogen/toxin violation for fishery and seafood products; spices, flavors, and salts;
fruit and fruit products; and nuts and edible seeds. Listeria was the most common type of pathogen/
toxin violation for cheese and cheese products.

* Annually, the number of violations for fishery and seafood products increased until 2004, decreased
until 2008, increased and peaked in 2011, and decreased thereafter.

* Compared to 1998-2004, violations shifted from fishery and seafood to other products; however, fish-
ery and seafood products continue to account for the largest share.

Refusals by country of origin

* From 2002 to 2019, India, Mexico, Vietnam, Indonesia, and France accounted for 22.9 percent, 14.9
percent, 8.6 percent, 7.8 percent, and 4.3 percent of import refusals due to pathogen/toxin violations,
respectively. Salmonella was the most common pathogen/toxin violation for shipments from India,
Mexico, Vietnam, and Indonesia. Listeria was the most common violation for shipments from France.

* Annually, the number of pathogen/toxin violations from India slightly increased. Those from Mexico
spiked in 2003, 2008, and 2010 but remained low and stable since 2012.

However, FDA’s import refusal dataset does not have detailed records for the volume of shipments inspected.
Only a small percentage of shipments were examined, not randomly, based on previous history. It is also difficult
to assess how screening authorities” standards changed over time. For these reasons, this report has limited under-
standing of which factors affected the refusals by pathogen/toxin, industry, or country.

How Was the Study Conducted?

Import refusal data is publicly available for download from 2002 to the present. Authors focused on the num-
ber of import refusals in total and annually by pathogen/toxin type, food industry group, country, and select
groupings such as leading violations within industry groups. For a given year, the sum of the notable pathogens,
viruses, and toxins in the OASIS database define the annual number of violations. The number of pathogen/
toxin violations is defined as the sum of an annual number of violations across all years of available data. The
authors further examined violations by pathogen type, industry type, and country of origin. From 2002 to 2019,
10 types of pathogen/toxin violations were reported: Salmonella, Listeria, aflatoxin, histamine, E. coli O157,
Shigella, patulin, Vibrio, Hepatitis A, and other bacteria. These occurred in 32 food industry groups, including
bakery products, dairy products, fruit and vegetables, and seafood products. The data covered in this report re-
flect pathogen/toxin violations in shipments from 110 countries for which at least one violation was found from
2002-19.

www.ers.usda.gov




Introduction

In the interest of public health, it is important to understand and minimize the possible foodborne illness
risks to U.S. consumers from foreign food products. One possible risk is that food may be contaminated with
pathogens (bacteria, viruses, or other disease-causing microorganisms) or toxins (mostly produced by microor-
ganisms). The severity of illness can range from nausea, vomiting, and diarrhea to renal failure, paralysis, and
death. According to the World Health Organization (WHO), global estimates of foodborne diseases showed
that almost 10 percent of the world population became ill from consuming contaminated food, resulting in
420,000 deaths in 2010. The threat of foodborne disease for children under 5 years of age is particularly high.
WHO estimates that 125,000 children under 5 years of age die from foodborne disease each year, about 30
percent of all deaths from foodborne disease (WHO, 2015). The U.S. Department of Agriculture’s Economic
Research Service (USDA, ERS) estimated that 15 major foodborne agents cost more than $17.5 billion (in
2018 dollars) each year, including medical costs, productivity loss, and deaths in the United States (Hoffmann
and Ahn, 2021).

Numerous recommendations, standards, oversight, and regulatory mechanisms exist in an effort to improve
food safety. Examples include meal preparation guidelines (Dietary Guidelines for Americans), food safety
education (Medeiros et al., 2001), national retail food standards and practices (2013 U.S. Food and Drug
Administration Food Code), regulated use of pesticides (U.S. Environmental Protection Agency), and agricul-
tural border inspection (U.S. Customs and Border Protection).

Both the USDA, Food Safety and Inspection Service (FSIS) and the U.S. Food and Drug Administration
(FDA) provide food safety oversight for domestic and imported food (see box, “Federal Food Safety Over-
sight”). FSIS regulates domestic and imported meat, poultry, and processed egg products and inspects animal
and carcass slaughtering plants as well as meat and poultry processing plants. For these reasons, this report
does not include imported meat, poultry, and processed egg products regulated by USDA, FSIS. FDA over-
sees domestic and imported food (including shelled eggs but excluding meat and poultry), bottled water, and
wine beverages with less than 7 percent alcohol.!

The import share based on the volume of food and beverage consumption in the United States climbed from
11 percent in 1990 to 19 percent in 2013 (Johnson, 2020). U.S. residents annually consume approximately
32 percent of fresh vegetables, 55 percent of fresh fruit, and 94 percent of seafood imported from other
countries by volume (FDA, 2019). Data from the USDA’s Global Agricultural Trade System (GATS) indicates
that the volume of imported food continued to increase from 36 million tons in 2002 to over 65 million tons
in 2019, or 79.8 percent. This is equivalent to an annual increase of 3.5 percent. As more food is imported, it
would not be surprising that consumers are increasingly concerned about food safety and risks of foodborne
disease from pathogen-contaminated foods (Brewer and Rojas, 2008).

While data capable of estimating the risk of foodborne illness to U.S. consumers from foreign producers is
limited, U.S. import refusal data list the most common reasons foreign shipments were refused. The FDA
physically examines approximately 1 to 2 percent of imports. All imports are electronically screened using an
automated system called Predictive Risk-based Evaluation for Dynamic Import Compliance Targeting (PRE-
DICT) (Bovay, 2016; Johnson, 2016). FDA inspects imports for signs of adulteration or misbranding. Import
refusals are recorded in the Operational and Administrative System for Import Support (OASIS) database
where each entry contains a violation code, industry group, and country of origin.

!For a discussion on the inspection roles of FDA and FSIS and the Federal food safety legislation from 1862 to 2011, see Johnson
(2016). For discussions on the food safety functions of specific Federal agencies, see Chapter 2 of Enhancing Food Safety (2010),
Johnson (2016), and Bovay (2016). For discussions on Federal oversight on food and agricultural imports, see Buzby et al., (2008) and
Becker (2010).
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Federal Food Safety Oversight

In the United States, food safety inspections are divided among three regulatory agencies. Food Safety and In-
spection Service (FSIS) of the U.S. Department of Agriculture is responsible for the safety of all domestic and
imported meat, poultry, and egg products. The Food and Drug Administration (FDA) supervises the safety
of most other domestic and imported food consumed in the United States. Both FSIS and FDA require that
producing facilities register with their respective agencies in order to supply meat, poultry, or egg products
for interstate shipment. The U.S. Environmental Protection Agency (EPA) assesses pesticide residues on food,
with a special emphasis on the unique vulnerability of children.

Many municipal governments, including State, Tribal, and local, cooperate with the food safety efforts of
these agencies. FDA is responsible for all imported shipments except for meat, poultry, and egg products,
which are controlled by FSIS jurisdiction. Agencies often share responsibility for particular food groups, such
as fresh produce, where EPA and FDA have pesticide residue enforcement responsibilities, while FDA handles
import inspections. In 2011, U.S. Congress enacted the Food Safety Modernization Act to ensure food in the
United States is safe by shifting the focus from responding to foodborne illness to preventing it. This granted
FDA the authority to mandate additional preventive regulations that aim to ensure food safety. In addition to
inspecting domestic and imported food, FDA requires foreign and domestic producers to implement mini-
mum standards for the safe growing, harvesting, packing, and holding of produce (FDA, 2019).

Even though OASIS is a rich data set for import refusal, it has limitations. First, the total volume or value of
each shipment is not revealed, so it is hard to identify which product had the largest threat to food safety for
the U.S. market. Second, FDA does not randomly choose a sample to inspect. The inspectors choose a sample
based on informed choice from their previous experiences. This implies that OASIS data do not have random-
ness that would allow researchers to make inferences about the relative risk of food products or countries. De-
spite these limitations, OASIS data continuously recorded shipment refusal over decades, which makes them
useful for analyzing trends and patterns of imported food both inspected and refused by FDA.

This report examines the number of import refusals for various bacteria (E. coli O157, Listeria, Salmonella,
Shigella, and Vibrio), a virus (Hepatitis A), and some toxins (aflatoxin, histamine, and patulin) from 2002

to 2019. These types of refusals are referred to as pathogen/toxin violations. Although toxins are chemicals,
not pathogenic microorganisms, they tend to be found in food products typically associated with risks of
foodborne illnesses (Buzby et al., 2008). Many toxins are produced by microorganisms (Centers for Disease
Control and Prevention, 2017). Thus, the authors aggregate pathogens and toxins. This report focuses on pat-
terns in FDA import refusals by pathogen/toxin and by industry, also noting variation by country. The report
delivers the latest refusal trends to help understand pathogen-country pairs that consistently threaten U.S.
food safety. Unlike previous ERS reports, this study focuses on pathogen/toxin refusals instead of all types of
import violations. First, most violations are adulteration. In previous studies, adulteration ranged from 57
percent to 65 percent (Buzby et al., 2008; Bovay, 2016). Second, outbreaks associated with imported foods
increased in the United States. Most outbreaks were caused by pathogens. Furthermore, outbreaks linked to
imported foods represented an increasing proportion of all foodborne disease outbreaks from 1 percent during
1996-2000 to 5 percent during 2009—14 (Gould et al., 2017).
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The research explores four broad pathogen/toxin questions:

* What pathogen/toxin type accounts for the largest portion of the total number of violations from
2002 to 2019, and how did this composition change over time, if at all?

*  What food industry group accounts for most of the violations and by which specific pathogen/toxin
type? For industry groups with the highest violations, did notable changes occur over time?

*  What country accounts for most of the violations and by which specific pathogen/toxin type? For
countries with the highest total violations, did notable changes occur over time?

e What industry group and pathogen/toxin type comprise the highest share of a country’s violations?
Did important industry and country changes occur over time?

Previous research using FDA import refusal data examined trends and changes by violation type (Buzby et
al., 2008 and Bovay, 2016), industry group (Buzby et al., 2008 and Bovay, 2016), and country of origin
(Brooks et al., 2009, Buzby and Regmi, 2009, Buzby and Roberts, 2011, and Bovay, 2016). Research focus-
ing on country, industry group pairings covered refusals from 1998 to 2004 and segmented countries not by
name but by low, middle, or high incomes (Brooks et al., 2009, Buzby and Regmi, 2009). Gale and Buzby
(2009) focused on industry import refusals, particularly for China. The most recent examination of broad
trends in refusals was Bovay (2016), who examined import refusals by type, by industry group, and for some
top country violators from 2005 to 2013. This report is the third analysis conducted by ERS following Buzby
et al.,, (2008) and Bovay (2016). This study contributes by providing an in-depth analysis of pathogen/toxin
violations.
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Data

The FDA physically examines approximately 1 to 2 percent of imported foods. All import entries are electron-
ically screened using an automated FDA system called PREDICT (Bovay, 2016; Johnson, 2016). PREDICT
assesses the risks associated with imports based on intrinsic product risk, history of field examinations, results
of facility inspection, and data anomalies. Import refusals by FDA are recorded in the OASIS database with
violation codes, industry code (i.e., broad product categories), and country of origin. Notable pathogen/toxin
violations (each charge code shown in parentheses) in the OASIS database include various bacteria (Salmonella
(9), Shigella (293), Vibrio (3460), E. coli O157 (3480), and Listeria (295)) and a virus (Hepatitis A (3040)).
Additionally, it includes some toxins such as aflatoxin (297), histamine (2360), and patulin (3180).

Import refusal data is available for download from 2002 to the present. This report focuses on the number of
pathogen/toxin violations in total and annually by pathogen/toxin type, industry group, and country from
2002 to 2019. It also describes annual trends in selected groupings, like industry groups for top pathogens
and leading pathogen/toxin violations within countries. For a given year, the sum of the notable pathogens,
viruses, and toxins in the OASIS database define the annual number of violations. The total number of
pathogen/toxin violations is the sum of an annual number of violations across all years of available data. There
are 32 food industry groups, including bakery, dairy, fruit and vegetables, and seafood products.? The dataset
includes shipment refusals from 110 countries. There are nine pathogen/toxin violations: Salmonella, Listeria,
aflatoxin, histamine, E. coli O157, Shigella, patulin, Vibrio, Hepatitis A, and other bacteria.

The dataset recorded all shipments refused into U.S. ports. It includes the date of refusal, country of origin,
name of the manufacturer, product code with description, FDA district where entry was made, and one or
more violation codes with charge statement. The charge statement includes the specific reasons for the appar-
ent shipment violations. These data recorded in detail allow tracking and examination of the frequencies of
pathogen/toxin violations from imported foods in the United States for nearly two decades.

A total of 156,408 import refusal entries occurred during the study period, of which 22,460 were associated
with pathogen/toxin. FDA can physically inspect only a small percentage of shipments due to the volume,
limited personnel, and financial resources. Thus, the OASIS data do not represent a sample of all food imports
in violation of FDA regulations. Despite these limitations, OASIS data documented import refusals since
1998, which makes them useful for analyzing trends and patterns of imported foods inspected and refused by
FDA.

FDA recorded more than one charge code for each refusal entry if the shipment had more than one violation.
The charge code documented the reason the shipment was refused. Of the total refused shipments, 30 percent
have more than one charge code. Among the entries with multiple charge codes, the authors examined each
item for a pathogen-related violation. When shipments are detected with chemical adulteration or misbrand-
ing, those violations have non-pathogen charge codes. If an item has more than one pathogen/toxin charge
code, they are treated as a separate record. For example, if a certain imported food is recorded for violations of
Salmonella and Shigella on a specific date, two records were created in one shipment. They are not treated as

a separate record when calculating refusals by food industry group or country to avoid double counting.® As a
result, more than 22,000 pathogen/toxin violations were identified over the past 18 years.

2 See appendix 3 for the full list of 32 productive industry types.

3For example, if a cheese product has a Sa/monella and Listeria violation, it would be overestimated in the data to say that two
cheese products were refused. Thus, we counted one cheese product that was refused. The same logic applies to the case of country
of origin.
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The data have some limitations. First, the total mass or value of each shipment was not recorded, so it is hard
to identify which product had the largest potential threat for the U.S. market. Second, FDA does not ran-
domly select a sample to inspect. This indicates that OASIS data do not have randomness that would allow
making inferences about the relative risk of industry groups or countries. It cannot be determined which
foods or countries pose the higher risk through cross-product and cross-country comparisons because the total
volume/values of refused imports is unknown. FDA uses a risk-based prediction algorithm to inspect ship-
ments, which is also affected by import alerts issued by FDA (Bovay, 2016). Thus, inspectors could decide
what to investigate based on informed choices from previous experiences. This inherent selection bias may
lead to distorted results. This is because the probabilities of violations in inspected shipments and the share of
violated shipments in the total shipments are different and not proportional. When FDA issues import alerts,
the shipments remain in detention and get refused unless manufacturers provide proof that shipments are safe.
Last, the import refusal report does not record the country where products were manufactured. The data only
includes the countries of manufacturers. Therefore, if a manufacturer produces foods in several countries but
is registered in one country, the data shows only the registered country. It limits the identification of poten-
tial risks from countries where food is directly processed. Nevertheless, OASIS contains the most appropriate
data to track changes over time of import refusals, as FDA consistently recorded all import refusals for many
years. To complement the limitations of OASIS data, the authors used GATS data to determine changes in the
volume of imported food for each food industry.

5
U.S. Examining Pathogen-Based Import Refusals: Trends and Analysis From 2002 to 2019, EIB-232
USDA, Economic Research Service



Findings

Overall import refusals by pathogen/toxin

From 2002 to 2019, 22,459 pathogen/toxin violations were detected. The majority of them—17,922—had
the presence of Salmonella, which accounts for 79.8 percent of the total pathogen/toxin violations. Figure 1

shows Listeria next with 2,463 cases (11 percent), followed by histamine, aflatoxin, and other bacteria with

804 (3.6 percent), 663 (3 percent), and 455 violations (2 percent), respectively. The rest of the refused ship-
ments due to other pathogens numbered just 153 cases (0.7 percent).

Compared to the previous ERS report (Buzby et al., 2008), the share of Salmonella violations increased from
63 percent over 1998-2004 to 79.8 percent over 2002—19. Listeria violations decreased from 24.8 percent
over 1998-2004 to 11 percent over 2002—19. Since this study overlaps with Bovay (2016) over 2005-13, the
authors calculated the share of each type of pathogen/toxin after 2013. Salmonella accounted for 81 percent
(down from 83.7 percent over 2005-13); Listeria accounted for 8.7 percent (up from 8.5 percent); aflatoxin
accounted for 3.6 percent (up from 2.8 percent); and histamine accounted for 4.3 percent (up from 2.6 per-
cent) over 2013-19.

Figure 1
Total number of pathogen/toxin violations and by type, 2002-19

Total 22,460

Salmonella

17,922

Listeria

Histamine

Aflatoxin

Other bacteria

| I I I I I
0 5,000 10,000 15,000 20,000 25,000

Note: Violations for the remaining pathogens were 153.

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Annual trends in pathogen/toxin violations by leading pathogen/toxin

Figure 2 displays the trend of annual pathogen/toxin violations from imported foods between the total viola-
tions and Salmonella for 2002—19. Over time, Salmonella accounted for more violations. As a result, the
Salmonella graph is similar to the shape of the total graph. One notable point is that refusals because of Sa/mo-
nella increased from 924 violations in 2009 to 2,258 violations in 2011. These spikes were largely driven by
fishery and seafood products, and fruits and fruit products. These results are consistent with the previous ERS

6
U.S. Examining Pathogen-Based Import Refusals: Trends and Analysis From 2002 to 2019, EIB-232
USDA, Economic Research Service



report (Bovay, 2016). After this spike, Salmonella violations continuously declined over time. One possible ex-
planation for the continuous decrease in import refusals is the FDA Food Safety Modernization Act (FSMA),
enacted in 2011. FSMA substantially expanded and modified the previous authority of FDA to enhance the
agency’s oversight of imported food. As a result, FSMA could provide PREDICT with more data on imported
food (GAQ, 2016).

Figure 2
Annual number of pathogen/toxin violations in total and due to Salmonella, 2002-19
Number of violations
2,500
Total
=== Salmonella
2,000
1,500 -
1,000
500
0_
I I I I I I I I I 1
v > © & Q Q > o Q N
Q Q Q Q N N N N N QO
I

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Figure 3 depicts trends of the remaining four leading pathogen/toxins. Listeria, histamine, aflatoxin, and other
bacteria have either trended downward or remained relatively stable. The notable exception is the decline in
Listeria violations from 300 cases in 2003 to 68 cases in 2007. This plunge mainly came from a large Listeria
decrease in cheese and cheese products. Listeria violations, like Sa/monella, increased during 2010-12, but the
others—histamine, aflatoxin, and other bacteria—did not.

See Appendix 1 table for the total number of pathogen/toxin violations and annual variation.
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Figure 3
Annual number of pathogen/toxin violations due to other major pathogens, 2002-19
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Pathogen/toxin violation by industry group

Fishery and seafood products had the most pathogen/toxin violations over 200219, accounting for 44.1 per-
cent of violations. It was followed by the spices, flavors, and salts industry, which accounted for 26.3 percent
of pathogen/toxin violations over the period. These two industry groups accounted for more than 70 percent
of the total refusals. Compared to two previous ERS reports, fishery and seafood products accounted for from
53.1 percent (Buzby et al., 2008) to 42 percent (Bovay, 2016) to 44.1 percent in this report. Pathogen/toxin
violations decreased by 9 percentage points from 1998-2004 data. The spices, flavors, and salts industry ac-
counted for 10.5 percent to 33.2 percent to 26.3 percent. Figure 4 shows the number of pathogen/toxin viola-
tions by industry group over the study period. Following the two most frequent industries, cheese and cheese
products, fruits and fruit products, nuts and edible seeds, and vegetables and vegetable products each account-
ed for more than 4 percent of the total violations. Each of the remaining industries accounted for less than 2
percent of violations. In total, the top six industry groups comprised 93 percent of the total pathogen/toxin
violations over the period, even though this does not account for volume (physical mass or sales volume).
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Figure 4
Total number of pathogen/toxin violations by industry, 2002-19

Total 22,350
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Figure 5 shows pathogen/toxin violations for the total and for the four most common violations in the top
seven industry groups. Overall, Salmonella was the most common violation in each industry except cheese
and cheese products, in which Listeria had the most violations. The Centers for Disease Control and Preven-
tion notes that soft cheeses with unpasteurized milk are more likely to be contaminated by Listeria than other
pathogens like Salmonella. Salmonella, however, accounted for almost all pathogen/toxin violations in spices,
flavors, and salts.
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Figure 5
Total number of pathogen/toxin violations—Salmonella, Listeria, histamine, aflatoxin—by industry
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Notes: Pathogen violations in total and by common pathogens for the seven industries with the highest totalnumber of pathogen
violations. Total violations may include multiple pathogen violations per single entry.

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Annual changes in pathogen/toxin violations focus on seven key industry groups—fishery and seafood
products; spices, flavors, and salts; fruit and fruit products; vegetables and vegetable products; nuts and edible
seeds; snack food; and cheese and cheese products. Figure 6 shows that overall annual changes in pathogen/
toxin violations declined since 2012 in aggregate. Even though some products show little to no change, three
industries show notable changes. The fruit industry showed a sharp spike in 2011 compared to other years,
mainly resulting from a surge in Salmonella violations. Except for 2011, overall pathogen/toxin violations

in the fruit industry were low during the study period. The fishery and seafood industry also declined in the
number of pathogen/toxin violations, except for surges in 2004 and 2011, similar to the fruit industry. Those
two spikes were also driven by sharp increases in Salmonella violations. The spices, flavors, and salts industry
demonstrated an interesting trend, a gradual decline after a sharp increase during 2007-08 and 2011. Sa/-
monella violations also accounted for the peak in spice refusals in 2008. The rest of the industries maintained
relatively low detection numbers without noticeable changes during the study period. For a detailed break-
down by industry group, see Appendix 3.
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Figure 6
Annual trends of pathogen/toxin violation by industry, 2002-19

Number of refusals

1,000

800

600

400

200

% > © » Q Z 0 © Q S
Q Q Q N N N N X 1\ &
& P P > P > > P > P
Fishery and seafood = Spices, flavors, and salts — Fryit
=== \/egetables === Nuts and edible seeds === Snack food Cheese

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Salmonella and Listeria are the main drivers for the seven industry groups most frequently noted for pathogen/
toxin violations. Figure 7 shows annual trends for both Salmonella and Listeria. In figure 7a, Salmonella viola-
tions are similar to figure 6, which depicts the violations from total pathogens. This indicates that Salmonella
was a critical pathogen to threaten U.S. public health from imported products. Figure 7b shows the annual
trends for refusals because of Listeria, which is relatively small compared to Salmonella. The cheese industry
accounted for the largest portion of pathogen/toxin violations because of Listeria in the early 2000s. Average
Listeria violations of cheese products fell from 150 in the early 2000s to 12 in the late 2010s. The fishery and
seafood industry also accounted for many shipments with Listeria through the study period. A few intermit-
tent rises of pathogen/toxin violations in the fruit industry were noted.
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Figure 7a
Annual Salmonella violations by industry, 2002-19
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Figure 7b
Annual Listeria violations by industry, 2002-19
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.
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Pathogen/toxin violation by exporting country

Over the study period, 110 countries had at least 1 pathogen/toxin violation, and 29 countries had more than
100 shipment refusals. Figure 8 depicts the number of refusals for 17 countries, which account for 1 percent
or more import refusals of the total number of violations. India had the most pathogen-related violations with
5,115 refusals, followed by Mexico with 3,338 violations. Next, Vietnam and Indonesia followed with more
than 1,700 refusals over the study period. The remaining countries represent less than 1,000 refusals for each
country.

Figure 8
Total number of pathogen/toxin violations by country, 2002-19

India 5,115
Mexico
Vietnam
Indonesia
France
Bangladesh
Taiwan
China
Thailand
Philippines
Canada
Pakistan
Brazil
Honduras
Korea
Malaysia
Ecuador

0 1,000 2,000 3,000 4,000 5,000 6,000

Total number of refusals

Note: The countries shown accounted for over 84 percent of the pathogen refusals from 2002 to 2019.

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Figure 9 shows the total and four most common violations caused by pathogen/toxin in the eight countries
with the highest violations. Except for France, Salmonella caused the majority of refusals in the rest of the
countries. Most shipments from France were denied due to Listeria because France exports many cheese and
cheese products to the United States. Of the 971 pathogen/toxin violations found from France, Listeria ac-
counted for 863 violations or 88.9 percent. One possible explanation why many cheese products from France
were refused is due to close monitoring of Listeria by the FDA. The largest number of cheese products made
from unpasteurized milk came from France (FDA, 2016). Salmonella was the cause of most shipment refus-
als from India and Bangladesh from 2002 to 2019. Noticeable refusals due to histamine came from Southeast
Asian countries such as Vietnam, Indonesia, and Taiwan. Gao et al., (2020) reported that histamine violations
from Southeast Asia might have come from seafood products. Imports of seafood products from Vietnam,
Indonesia, and Taiwan continuously increased. Together, their volume accounted for over 17 percent of im-
ported seafood, based on GATS data. India and Mexico accounted for a large portion of refusals by aflatoxin
over the study period. This may be because aflatoxin is mainly detected in rice samples from India and Mexico
(Ali, 2019). See appendix 4 for pathogen/toxin violations by type and by selected countries.
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Figure 9
Most common pathogen/toxin violations by country, 2002-19—total, Salmonella, Listeria,
histamine, aflatoxin
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Note: Pathogen refusals in total and by common pathogens for the top 8 countries with the highest total number of pathogen refus-
als, accouting for over 68 percent of the pathogen refusals from 2002 to 2019.

Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

The authors focused on the six countries with the highest import refusals over the study period, tracing annual
trends to identify how countries responded to pathogen/toxin violations over time. Figure 10 demonstrates
annual pathogen/toxin violations from 2002 to 2019.4 Overall, the number of refusals due to pathogen/toxin
declined after 2011. Shipments from Mexico, followed by India and Indonesia, surged in violations in 2011.
Increases from Mexico and Indonesia were mainly from Sa/monella violations. Specifically, a large number

4See Appendix 5 for exact numbers.
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of papayas imported from Mexico were refused due to Sa/monella contaminations in 2011 (Mba-Jonas et

al., 2018). That outbreak led FDA to initiate a broader import alert that all papayas from Mexico should be
detained. Shipments from Mexico showed a decline in import refusals by pathogen/toxin after 2011. Based
on GATS darta, the total volume of imported foods from Mexico increased from 10.5 million tons in 2012
to 15.3 million tons in 2019, a 45-percent increase. The number of pathogen/toxin violations continued

to sharply drop from 241 in 2012 to 38 in 2019, an 85-percent decrease. Given these two different trends,
we could infer that Mexico responded to the high number of refusals from the United States by reinforcing
its food safety standards. Unlike other countries, India’s shipments continued to face high levels of refusals
since 2010, given the caveat that this report is unable to control for the total volume of imported foods FDA
inspected. However, GATS data reports the volume of foods imported from India. Imported foods from
India increased from about 1 million tons in 2011 to 1.8 million tons in 2019. During the same period, the
number of violations nearly halved from 458 to 235. However, the rate of decline in the number of violations
is lower than that of other leading countries, which fell by more than 80 percent.

Figure 10
Annual number of pathogen/toxin violations from most frequently detected countries, 2002-19
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.

Finally, the authors analyzed which pathogen/toxin largely contributed to violations from India, Mexico,
Vietnam, and Indonesia and how they changed during the study period. These countries were selected because
Indonesia showed a sharp rise in 2011, and the other countries had the highest number of pathogen/toxin
violations. Figure 11a depicts the number of refusals by the four most frequently detected pathogen/toxins in
shipments from India. Almost all refused shipments were due to Salmonella contamination. This trend is also
reflected in the number of refusals for Mexico in Figure 11b. Compared with other pathogens, Salmonella
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accounted for the majority of import refusals. Pathogen/toxin violations from Vietnam showed a different
pattern compared to India and Mexico. Figure 11c shows that Sa/monella violations accounted for most of the
pathogen/toxin violations in Vietnamese shipments by 2017. However, Salmonella violations declined from
153 cases in 2011 to 18 cases in 2018. However, histamine violations climbed since then, bordering on the
Salmonella violations. In Indonesia, Salmonella was also the primary cause of import refusals over time, but
some cases were from histamine, shown in Figure 11d. The common trend in the four countries is that a large
number of import refusals from pathogens were because of Salmonella. See Appendix 5 for a table showing the
exact number of annual violations for four countries.

Figure 11a
Annual number of pathogen/toxin violations from India, 2002-19
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Source: USDA, Economic Research Service using data from OASIS (Operational and Administrative System for Import Support)
database, U.S. Food and Drug Administration.
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Figure 11b
Annual number of pathogen/toxin violations from Mexico, 2002-19
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Figure 11c
Annual number of pathogen/toxin violations from Vietnam, 2002-19
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database, U.S. Food and Drug Administration.
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Figure 11d
Annual number of pathogen/toxin violations from Indonesia, 2002-19
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Conclusion

This report focuses on FDA import refusals because of pathogen/toxin violations from 2002 to 2019. Re-
searchers report total violations by pathogen/toxin types, industry groups, and countries. This report provides
annual trends to identify how food safety violations were distributed across different categories and how coun-
tries responded to import refusals over time.

Across the total number of refusals, Salmonella and Listeria account for the most violated shipments due to
pathogen/toxin over the period. The industries with the most frequently detected pathogen/toxin violations
included fishery and seafood products; spices, flavors, and salts; cheese and cheese products; and fruit and fruit
products. The most pathogen/toxin violations came from India, Mexico, Vietnam, Indonesia, France, Bangla-
desh, Taiwan, and China. This report includes changes in annual refusal trends by categories. Though a sharp
increase occurred in 2011, the number of refusals from Sa/monella declined during the study period. This
trend occurred for other frequently detected pathogen/toxins—Listeria, histamine, and aflatoxin. When an-
nual pathogen/toxin violations patterns were graphed by industry, both fishery and seafood products and fruit
and fruit products spiked in 2011. This resulted in a rapid increase in food imports refused by FDA because of
Salmonella. Nonetheless, the overall trend went down after 2011 across industries.

This report provides trends over the last two decades for pathogen/toxin violations in imported foods for
study by FDA officials and inspection agencies. Screening agencies can identify the most frequent pathogen/
toxin violations, pathogen/toxin violations by industry, and countries with the greatest risk for their exported
foods. The 18-year timeframe covered in the analysis provides insight into recurring problems of adulteration
by pathogen/toxin in shipments. Rather than just showing the time trend of overall pathogen/toxin violations
from imported foods, the report shows changes over time by each pathogen/toxin, food product, and coun-
try. The annual number of pathogen/toxin violations declined after 2011. This trend remained the same for
pathogen/toxin violations by food products and country. Overall, pathogen/toxin violations from imported
foods decreased over the past 18 years given the caveat that the data do not include the total amount of food
imported.

However, FDA’s import refusal dataset does not have detailed records for the volume of shipment and value.
This dataset inspected only a small percentage of shipments, not randomly, based on previous history. It is
also difficult to study how screening authorities’ standards changed over time, especially during the Great
Recession, 2007-09. For these reasons, the researchers have a limited understanding of which factors affect
the refusals by pathogen/toxin, industry, or country. More research is needed when data are available to better
understand what factors persistently threaten food safety in the United States.
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