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BACKGROUND

On November 4, 2013, FDA issued the 2013 FDA Draft Risk Profile: Pathogens and Filth in Spices (Ref. 1). The
draft risk profile, found on page 7 of this document, addressed four objectives:
(1) to describe the nature and extent of the public health risk posed by consumption of spices in the U.S.
by identifying the most commonly occurring microbial hazards and filth in spice;
(2) to describe and evaluate current mitigation and control options designed to reduce the public health
risk posed by consumption of contaminated spices in the U.S.;
(3) toidentify potential additional mitigation or control options designed to reduce the public health risk
posed by the consumption of contaminated spices in the U.S.; and
(4) to identify data gaps and research needs.

Development of the draft risk profile included input from an external peer review. Peer review comments and
FDA’s response were published (Ref. 2).

The draft risk profile identified Salmonella as the pathogen most commonly associated with human illness
attributed to consumption of contaminated spices, and concluded that the presence of Salmonella is a
systemic challenge in the spice supply system.

One of the important data gaps identified in the draft risk profile was lack of data regarding the prevalence of
Salmonella contamination among spice types in spices offered for sale to consumers, either in
prepared/manufactured foods or in packages for sale at retail establishments for use by the consumer in food
preparation. Also missing was an estimate of the fraction of spice consumed that had undergone a pathogen
reduction treatment, which has the potential to reduce or eliminate Salmonella contamination, when such
contamination is initially present.

The draft risk profile was open for public comment on November 4, 2013 - March 3, 2014 through FDA
Docket No. FDA-2013-N-1204. Through this docket, FDA received a request for extension of the comment
period, which FDA provided, and nine comment submissions from various stakeholders. The docket folder
can be viewed for materials related to the risk profile including comments submitted (Ref. 3).

Several comments submitted to the docket confirmed FDA’s conclusion regarding the lack of data on
contamination of spices at the point of consumption as a critical data gap.

To address these data gaps, FDA initiated a survey of Salmonella prevalence in packaged spices offered for
sale at retail establishments in the U.S. and posted Questions and Answers on Improving Food Safety of Spices
(February 2016, Ref. 4) briefly describing the survey design and providing information on steps FDA was
taking to improve the safety of spices, including those related to the FDA Food Safety Modernization Act
(FSMA).

The retail study is now complete and publicly available (Ref. 5). A brief summary of key findings is presented
below.



RETAIL SURVEY KEY FINDINGS

The original report of this study was published in the Journal of Food Protection (Ref. 5). The full report
contains a complete description of the study, data collected, and results. In this section, we extract a subset of
key findings from that report that address, in part, data gaps identified in the 2013 version of this risk profile.

Samples for FDA'’s retail spice sampling survey were collected at a variety of retail establishments throughout
the United States during 1 of 2 periods: November 2013-September 2014 or October 2014-March 2015.

The retail study surveyed 11 spice types: basil leaf (whole, ground, crushed or flakes), black pepper (whole,
ground or cracked), coriander seed (ground), cumin seed (whole or ground), curry powder (ground mixture
of spices), dehydrated garlic (powder, granules or flakes), oregano leaf (whole, ground, crushed or flakes),
paprika (ground; note this spice is only sold ground), red pepper (hot red pepper, e.g., chili, cayenne; ground,
cracked, crushed or flakes), sesame seed (whole, not roasted or toasted, not black), and white pepper (ground
or cracked) and included 7,250 retail samples of packaged (dried) spices offered for sale at retail
establishments in the United States. Samples of various spice types were collected and Salmonella prevalence
and aerobic plate count levels were determined.

A summary of the Salmonella testing results and prevalence estimates for each spice type is provided in Table
1. For each of the 11 spice types examined, estimated prevalence (based on 125 g spice analyzed) was less
than 1% with all upper 95% confidence intervals less than 2%. Among the spice types, no positive samples
were found for cumin (whole/ground/cracked), sesame seed (whole), or white pepper (ground). These
prevalence estimates are not corrected for the sampling design (not weighted for market share) because the
detailed information needed was not available.

Table 1. Estimated Salmonella prevalence (125 g) in spices offered for sale at retail establishments;
samples collected November 2013-September 2014 or October 2014-March 2015,

Total No. of sN:l.n(;)fles Salmonella Clopper and Pearson’s
Spice Typea samples positive for Prevalence 95% Confidence Interval
LR Salmonella (%) (%)
Basil 529 1 0.19 0.0048-1.1
Black pepper 1,264 3 0.24 0.049-0.69
Coriander, grd 543 3 0.56 0.11-1.6
Cumin 549 0 0 0.00 - 0.67
Curry powder, grd 518 1 0.19 0.0049-1.1
Dehydrated garlic, grd 615 3 0.49 0.10-1.4
Oregano 669 1 0.15 0.0038-0.83
Paprika, grd 816 2 0.25 0.030-0.88
Red pepper, grd 633 4 0.64 0.17-1.6
Sesame seed, whole 526 0 0 0.00-0.70
White pepper, grd 588 0 0 0.00-0.63

a “grd” means spice sampled was crushed/cracked/granules/flakes/powder, i.e., not whole. When no spice form (whole or “grd”)
designation appears after the spice type, both whole and ground (as defined above) samples were examined in this study.

FDA also examined sampling data for these same 11 spice types from shipments of imported spices offered
for entry to the U.S. during October 1, 2011 to September 30, 2015 (FY2012-FY2015), which were collected
as part of the FDA annual field work plan, Table 2. Salmonella prevalence estimates for spice samples
collected from shipments of imported spice offered for entry to the U.S. for FY2012-FY2015 are not
significantly different from the estimates determined for the period FY2007-FY2009 (first reported in Food
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Microbiology (Ref. 6) and discussed in the 2013 version of this risk profile, Section 4.1.3.1), taking into
account differences in the reporting structure and noting that no estimate was provided for dehydrated garlic
in the earlier study.

Table 2. Estimated Salmonella prevalence (750 g) in spice from shipments of imported spice offered
for entry to the U.S.; samples collected FY2012-FY2015.

Total No. No. of Clopper and Comparison of
Salmonella )
. of samples Pearson’s 95% Salmonella Prevalence
Spice Typea ol Prevalence . .
samples positive for (%) Confidence at U.S. entry vs. Retail:
tested Salmonella E Interval (%) Fisher Exact Testb
Basil 20 1 5 0.13-25 NS
Black pepper 223 15 6.7 3.8-11 p <.0001
Coriander, grd 92 17 18 11-28 p <.0001
Cumin 130 11 8.5 4.3-15 p <.0001
Curry powder, grd 177 7 4 1.6-8.0 p =.0004
Dehydrated garlic, 59 1 17 0.043-9.1 NS
grd
Oregano 78 8 10 4.5-19 p<.0001
Paprika, grd 85 3 3.5 0.73-10 p=.007
Red pepper, grd 337 36 11 7.6-14 p <.0001
Sesame seed, whole 155 12 7.7 4.1-13 p <.0001
White pepper, grd 50 3 6 1.3-17 p =.0005

a“grd” means spice sampled was crushed/cracked/granules/flakes/powder, i.e., not whole. When no spice form (whole or “grd”)
designation appears after the spice type, both whole and ground (as defined above) samples were examined in this study.
b NS means “ not significant”.

Of particular interest in this study, was whether the Salmonella prevalence estimates for each spice type at
the point of entry to the United States were different from those for the same spice type at the point of retail
purchase by U.S. consumers, particularly for the spices where the U.S. supply is overwhelmingly imported, as
is the case for at least seven of the spices examined in in this study: basil, black pepper, coriander, cumin,
curry powder, oregano, and white pepper (Ref. 7). For red pepper, paprika, and sesame seed, imports are
also the major source of the U.S. supply but domestic production is significant (Ref. 7-8). The Salmonella
prevalence estimates for spices offered for sale at retail establishments for all of the spice types examined
except dehydrated garlic and basil (for which statistical power was limited) were significantly smaller than
estimates for shipments of imported spice offered for entry. Among the spice types for which significant
differences in prevalence were found, examination of a smaller sample size (mass) for samples from retail
than from point of entry to the United States likely contributed to the apparent decrease in prevalence (Ref. 9-
11) but cannot fully explain the observations.

The results of this study are consistent with the assumption that most (bulk) shipments of spice undergo a
pathogen reduction treatment following entry to the United States and prior to releasing for retail sale, as
recommended in industry guidance such as the “Clean, Safe, Spices Guidance Document” by American Spice
Trade Association (Ref. 12). No Salmonella-positive samples were found for cumin, sesame seed, or white
pepper, which would be expected if all shipments had undergone a highly efficient pathogen reduction
treatment after entry and before being offered for sale at retail establishments. The change in observed
Salmonella prevalence between point of entry to the United States and retail sale for the other spice types
examined was smaller and ranged from a factor of 0.33 (dehydrated garlic; not significant) to 0.015
(oregano). Assuming the spice sampled at the point of entry to the United States and retail sale similarly
represented the available supply, these results may indicate that pathogen reduction treatments for some
shipments were not effective or not applied (Ref. 9-11) or that post-treatment contamination had occurred.
For red pepper and dehydrated garlic, where the supply is a combination of imported and domestically
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produced spices, differences in Salmonella prevalence pre-treatment may also have played a role in the
results. The decreases observed (except for dehydrated garlic) are consistent with more than 90% of
contaminated shipments offered for entry to the U.S. having been treated with an efficient pathogen reduction
treatment prior to being offered for sale in retail establishments. These data cannot be used to provide a
reliable estimate of the mean log reduction in these spices because of uncertainties involved, especially the
lack of data on pathogen levels in these contaminated spices at the point of entry to the United States and
retail sale.

CONCLUSION

FDA’s Food Safety Modernization Act (FSMA), signed into law on Jan. 4, 2011, enables FDA to better protect
public health by strengthening the food safety system. It enables FDA to focus more on preventing food safety
problems rather than relying primarily on reacting to problems after they occur. A majority of the FSMA rules
have been finalized and are in the implementation stage. Examples of FSMA rules that are pertinent to this
risk profile are the Current Good Manufacturing Practice, Hazard Analysis, and Risk-Based Preventive
Controls for Human Food (cGMP and PC rule), and Rule on Foreign Supplier Verification Programs (FSVP) for
Importers of Food for Humans and Animals. In an ongoing process of Education and Outreach, FDA has
published several guidance documents to help industry comply with the FSMA requirements. Considering the
regulatory changes instituted through the FDA- FSMA, and the new information provided in the study
described above, the Agency concludes that with this update, the Risk Profile on Pathogens and Filth in Spices
is final at this time.
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EXECUTIVE SUMMARY

Overview

In light of new evidence calling into question the effectiveness of current control measures to reduce or
prevent illness from consumption of spices in the United States, the United States Food and Drug
Administration (FDA) developed a risk profile on pathogens and filth in spices. The objectives of the risk
profile were to (1) describe the nature and extent of the public health risk posed by consumption of spices in
the United States by identifying the most commonly occurring microbial hazards and filth in spice (2)
describe and evaluate current mitigation and control options designed to reduce the public health risk posed
by consumption of contaminated spices in the United States (3) identify potential additional mitigation and
control options and (4) identify critical data gaps and research needs. The draft risk profile for pathogens and
filth in spices provides information for FDA to use in the development of plans to reduce or prevent illness
from spices contaminated by microbial pathogens and/or filth.

Scope

For the purpose of this risk profile, the term “spice” means “any [dried] aromatic vegetable substances in the
whole, broken, or ground form, except for those substances which have been traditionally regarded as foods,
whose significant function in food is seasoning rather than nutritional, and from which no portion of any
volatile oil or other flavoring principle has been removed” and includes additional dried plants listed as
spices by the Environmental Protection Agency, the American Spice Trade Association, and the Seasoning and
Spice Association, such as dehydrated onion and garlic, as well as other dehydrated vegetables used as
seasoning.

The specific microbial hazards and filth elements in spices considered in this risk profile include pathogens
and filth adulterants detected in spices, implicated in outbreaks, reported as the reason for recalls, and
reported in submissions to the Reportable Food Registry. This report primarily focuses on Salmonella, among
the pathogens detected in spices, because it is the only spice-associated pathogen linked with human illness,
food recalls, or Reportable Food Registry reports in the United States.

Research Methods

Research for the report included a comprehensive review of the refereed scientific literature and available
government/agency reports, and analyses of relevant FDA and CDC data. Data and information from
stakeholders were formally requested in a Federal Register Notice developed by FDA. Submissions to the
docket provided critical information on industry guidance and spice sampling and testing by the spice
industry. Site visits to spice farms and spice processing and packing facilities, facilitated by spice industry
trade organizations and the government of India, provided the Risk Profile Team with first-hand knowledge
of current practices. In order to fill some critical data gaps, FDA field assignments and laboratory research
were also undertaken.

Types of Pathogens and Filth Adulteration Found in Spices

Microbial pathogens that have been found in spices include Salmonella, Bacillus spp. (including Bacillus
cereus), Clostridium perfringens, Cronobacter spp., Shigella, and Staphylococcus aureus. Filth adulterants found
in spices include insects (live and dead whole insects and insect parts), excrement (animal, bird, and insect),
hair (human, rodent, bat, cow, sheep, dog, cat and others), and other materials (decomposed parts, bird barbs,
bird barbules, bird feathers, stones, twigs, staples, wood slivers, plastic, synthetic fibers, and rubber bands).

Foodborne Illness Outbreaks from Microbial Contaminants in Spices

During the period 1973-2010, fourteen reported illness outbreaks were attributed to consumption of
pathogen-contaminated spice. Countries reporting outbreaks included Canada, Denmark, France, Germany,
New Zealand, Norway, Serbia, United Kingdom, and the United States. Together, these outbreaks resulted in
1946 reported human illnesses, 128 hospitalizations and two deaths. Infants and children were the primary
population segments impacted by five of the spice-associated outbreaks. Salmonella enterica subspecies
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enterica was identified as the causative agent in ten outbreaks accounting for 87% of reported illnesses.
Bacillus spp. was identified as the causative agent in four outbreaks, accounting for 13% of reported illnesses.
Consumption of ready-to-eat foods prepared with spices applied after the final food manufacturing pathogen
reduction step accounted for 70% of the illnesses. Pathogen growth in spiced food is suspected to have played
arole in some outbreaks, but it was not likely a contributing factor in three of the larger Salmonella
outbreaks, which involved low-moisture foods. Root causes of spice contamination included contributions
from both early and late stages of the farm-to-table continuum.

Prevalence and Concentration of Salmonella and Filth in Spices

Limited data were available from the refereed scientific literature on the prevalence of pathogens in spices at
most points in the farm-to-table continuum. The majority of data available were from shipments of imported
spice offered for entry to the United States (FDA sampling data), lots of spice in spice industry facilities (spice
industry sampling data), and retail settings outside the United States (data collected primarily by public
health government agencies or academic researchers). Most spices consumed in the United States are
imported. Analysis of FDA sampling and testing data for shipments of imported spice offered for entry to the
United States during the three year period FY2007-FY2009 revealed an average shipment prevalence for
Salmonella of 6.6% (750 g sample size; 95% CI 5.7-7.6%). The average prevalence of Salmonella in sampled
spice shipments during this period was 1.9 times (95% CI 1.6-2.3%) the average prevalence determined for
shipments of all other FDA-regulated foods sampled during that time (where screening tests examined 375-
1500 g). When only considering shipments of other imported FDA-regulated foods that were sampled with
the same FDA Category II food sampling protocol as that used for spices, it was found that the Salmonella
shipment prevalence for spices was 4.4 times (95% CI 3.4-5.8%) that of other FDA-regulated imported foods
during FY2007-FY2009.

A wide diversity of spice types and forms was found to contain Salmonella among shipments of imported
spice offered for entry to the United States during FY2007-FY2009; differences in prevalence rates were
observed for some spice types/forms. More than 80 different Salmonella serotypes were isolated from spices
in contaminated shipments during the three-year period; 6.8% of isolates exhibited antimicrobial-resistant
properties. Some shipments reported to have been subjected to a pathogen reduction treatment before being
offered for United States (U.S.) entry were found contaminated. Contaminated shipments identified during
FY2007-FY2009 were exported by many different countries; some differences in Salmonella shipment
prevalence were identified.

FDA undertook a short-term targeted study during Aug-Dec 2010 to collect enumeration data for
contaminated shipments of imported capsicum and sesame seed. The mean Salmonella concentration
estimates varied widely among contaminated shipments, with ranges of 6 x 10-4 to 0.09 MPN/g-spice (6 MPN
per 10,000 g to 9 MPN per 100 g) for shipments of imported capsicum and 6 x10-4 to 0.04 MPN/g-spice (6
MPN per 10,000 g to 4 MPN per 100 g) for shipments of imported sesame seeds offered for entry to the
United States. A gamma-Poisson model of within- and between-shipment contamination provided the best fit
to observations among six parametric models considered. Contaminated spice shipments of capsicum or
sesame seed were typically large in size, constituting millions or tens of millions servings. Approximately one-
fifth of the contaminated shipments of capsicum or sesame seed was packaged for retail sale (20% for
capsicum and 22% for sesame seed). No comparable prevalence or enumeration data are available for other
imported spices or for domestically produced spices.

The American Spice Trade Association (ASTA) provided sampling and testing data collected in spice
secondary processing/packing facilities of member companies over a two-year period during 2007-2009.
Analysis and interpretation of these data were complicated by an absence of information characterizing
sample size examined. The spice industry data provided evidence that the prevalence of Salmonella in spice
lots that had undergone a pathogen reduction treatment was smaller than that for untreated spice lots. These
data also provided evidence that the prevalence of Salmonella in these industry sampled treated spice lots
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was smaller than the average prevalence found for sampled shipments of imported spices offered for import
to the United States during FY2007-FY2009 (FDA surveillance sampling).

We were unable to identify any reports characterizing the prevalence or concentration of Salmonella in spices
atretail (in food/grocery stores, food service, restaurants, or in homes) in the United States. Studies outside
the United States reported prevalence values ranging from 0% (with non-zero upper limits) to 10% with
varying confidence intervals. Concentrations of Salmonella reported in retail spice samples outside the United
States ranged from <0.1 to 0.2 MPN/g-spice (0.086 MPN/g for black pepper and capsicum spice in Japan and
from <0.1-0.2 MPN/g for sesame seeds and mixtures of seeds in the United Kingdom) for surveillance
samples. Concentrations of Salmonella determined in traceback investigations of spice-associated foodborne
outbreaks ranged from <0.03-11 MPN/g-spice.

Recent prevalence estimates for filth adulteration of spices were only available for shipments of imported
spice offered for entry to the United States. No data were available for domestically produced spices. Analysis
of FDA surveillance sampling data for FY2007-FY2009 showed that the average prevalence of filth
adulteration of shipments of imported spice was 12% (95% CI 10-15%), which was 1.8 times (95% CI 1.4-
2.2%) the value found for the average of all other imported FDA-regulated food shipments examined during
that period. Prevalence of filth adulteration of imported shipments of ground/cracked and whole spice were
similar. The prevalence of filth adulteration of imported shipments of imported black pepper was smaller
than that for several other types/categories of spice shipments. The most common types of filth adulterants
were insect fragments, whole/equivalent insects, and animal hair. Nearly all of the insects found in spice
samples were stored product pests, indicating inadequate packing or storage conditions. The presence of
rodent hair (without a root) in spices generally is generally indicative of contamination by rodent feces.
Direct evidence of animal fecal and/or insect fecal contamination was found in a small number of the samples.
The presence of these filth adulterants is indicative of insanitary conditions and failures in the application of
Current Good Manufacturing Practices (CGMPs). Data on the prevalence of filth adulteration of spice at retail
in the United States were last gathered in the 1980’s by FDA and were used to set the maximum
concentrations of natural or unavoidable defects in foods to concentrations achievable by CGMPs.

Characterization of Contaminants

A variety of animal hosts may introduce Salmonella into a spice production site. Salmonella can survive in the
natural environment (outside of an animal host) for extended periods and can persist in some food
production areas for years. Salmonella can also survive for extended periods (exceeding 1 year) in low
moisture foods including spices. The magnitude of the Salmonella population reduction rate in spice depends
on the water activity of the spice (or equivalently, the humidity of the spice environment) and temperature,
when the water activity/humidity is elevated. When Salmonella-contaminated spices are stored in an
environment that meets spice industry standards for low water activity/humidity, the reduction in
population of Salmonella in spice with time may be minimal (shown for ground black pepper). FDA research
has also demonstrated that Salmonella can grow efficiently in wet ground black pepper (no additional
nutrients needed), such as might occur if spice is improperly processed, packaged or stored.

Overview of Spice Farm-to-Table Continuum and Potential Sources of Pathogen and Filth Contamination

A wide diversity of farm sizes and agricultural practices is used in the production of spices around the globe.
Many spices are produced on very small farms where farm animals are used to plow, crops are harvested by
hand, and spices are dried in open air. Multi-cropping is also common. Spice from small farms is typically
aggregated with that of other farms. These collections of spice are later sold to exchanges or to spice
processing/packing companies. Producers may store whole spice for years before selling to a buyer. Larger
farms, such as those used to produce dehydrated onion and garlic in the United States, may be owned by or
contracted with a single major/large spice company that dictates/controls growing, harvest, drying, and
storage practices. Spice companies may also contract with groups of farmers in a single region to educate and
better control growing, harvest, drying, and storage practices. World Health Organization (WHO), Codex
Alimentarius (Codex), and industry standards and guidance designed to minimize/prevent introduction of
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pathogens or filth to the source plant or dried spice, such as those related to irrigation water, restriction of
animals in the growing area, and farm worker hygiene, can be challenging to implement at many primary
production sites.

The distribution of spice from primary producer to consumer can be very complex, involving multiple
locations, multiple processing and/or packing steps and long periods. Inappropriate packing and storage of
spice during any one of these steps may lead to the introduction of Salmonella or filth into spice.

Application of additional mechanical and electromagnetic cleaning processes as well as grinding/cracking,
blending, and packing typically take place in secondary spice processing facilities. To prevent creation of
niches, spice processors may use dry sanitation and cleaning processes in process areas handling spice that
has been subjected to a pathogen reduction treatment. Some level of spice dust is unavoidable so equipment
and facility design play critical roles in limiting the need for wet cleaning in the spice processing areas and
preventing cross-contamination of treated spices with untreated spice dust. Replacement of equipment or re-
design of facilities can be particularly challenging for small spice firms and use of common equipment for
multiple types of spice is common.

Pathogen reduction treatments are not uniformly applied to all types of spices or all lots of spice of a given
type at the secondary processing stage. The efficacy of the most commonly applied pathogen reduction
treatment methods (steam, irradiation, and ethylene oxide) is dependent on a variety of conditions, which
can alter reductions by orders of magnitude. No studies have systematically examined efficacy of these
processes for reductions of Salmonella in spices but data available suggest that each of these methods has the
potential to achieve substantial decimal reductions in spices under appropriately controlled conditions.

Similar food safety concerns, described above for secondary spice processing facilities, exist in seasoning and
food manufacturing facilities as well as in wholesalers that pack and re-pack spices. In addition, spice is
sometimes added to foods after the final food manufacturing pathogen reduction step has been applied, if
such as step is part of the food preparation process.

In institutional food services, restaurants, and households, application of untreated spice to foods after the
final lethality (cooking) step and the potential for pathogen growth in foods to which Salmonella-
contaminated spice has been added are of primary concern. In addition, the potential for contamination of
spice by pests in the food preparation and storage environments or cross-contamination of spice from
surfaces or utensils used to prepare other contaminated foods are also of concern. Preventive controls to
minimize most of these outcomes include application of the principles described in the state regulations, the
FDA Food Code, and consumer guidance. At this time, spice sold in retail settings (to households) do not
generally carry an indication of whether the spice had been treated for reduction of pathogens.

Spice Production and Consumption
Most of the U.S. spice supply is imported with the exception of dehydrated onion. U.S. farms also produce

large fractions of the U.S. supply of dehydrated garlic, capsicum, and mustard seed. Consumer survey data in
the Mintel survey reveal that a large majority of U.S. households, estimated to be 86%, use fresh or dried
herbs, spices and seasonings. Spice use in the United States, as measured by food availability, has been
increasing by approximately 0.5 1bs./decade since 1966. In 2010, the estimated per capita annual spice
consumption was 3.64 lbs. (1653 g), excluding dehydrated garlic. Estimates from the FDA/CDC National
Health and Nutrition Examination Surveys (NHANES) indicate a typical consumption range of 0.3-1.7 g-spice
per eating occasion for three eating occasions per day. Estimates of the variability and frequency of spice
consumption are not available.

Current Mitigation and Control Options
Current U.S. regulatory mechanisms available to mitigate and control adulteration of spice with Salmonella or

filth include CGMPs, inspections of and environmental sampling in spice manufacturing/packing facilities,
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product sampling, refusals and reconditioning, import alerts (with or without green lists and country
agreements), and some provisions of the FDA Food Safety Modernization Act.

Rates of compliance with CGMPS among spice firms in the United States for the period FY2007-FY2012 was
approximately the same as that found for firms handling other FDA-regulated low moisture foods. Insufficient
data were available to evaluate compliance with CGMPS in spice facilities outside the United States. FDA
inspections of 59 domestic firms that manufacture/pack/re-pack spices in 2010 revealed that a significant
fraction (10%) had Salmonella in the (primarily post-processing) facility environment. Lack of effective pest
management was the most frequently cited observation in these inspections. No environmental sampling
data from FDA were available to determine the prevalence of Salmonella in international spice facility
environments.

During the period FY2007-FY2010, 906 imported spice shipments (including sesame seeds) were refused
entry to the United States based on the presence or potential for presence of Salmonella and/or filth. Among
these shipments, 749 shipments of spice were refused entry because of the presence or potential presence of
Salmonella and 238 shipments were refused because of the presence or potential presence of filth. During the
period 2007-2012, CFSAN accepted 50 out of 155 reconditioning proposals for spices, 37of which addressed
contamination with Salmonellia.

Five U.S. import alerts address adulteration of spice by Salmonella or filth and four of these are specific to
spice. Import Alert 99-19 lists firms and specific foods for which evidence has indicated the likelihood of
Salmonella contamination; a majority of firms and foods listed are spices (71% in 2010 and 67% in 2010,
excluding sesame seeds cited as a seed rather than a spice).

Import Alert 28-02 for Indian Black Pepper includes an agreement that leverages in-country regulatory
authority to improve the food safety of shipments of the imported spice offered for entry to the United States.
This combination of incentives appears to be effective in reducing the prevalence of Salmonella or filth
contamination in shipments of Indian black pepper offered for entry to the United States. Expansion of this
type of mechanism to other spices and/or to other countries should lead to further improvements in
contamination rates.

The FDA Food Safety Modernization Act provides important new tools to mitigate and control contamination
and post treatment cross contamination of spices with Salmonella, including authority to mandate recalls and
increase in the frequency of foreign and domestic inspections (implemented), and prevention standards and
import safety mandates (proposed rules issued in January 2013 (78 Federal Register 3646) and July 2013 (78
Federal Register 45730), respectively).

The spice and food trade organizations have developed detailed guidance to prevent and control adulteration
of spice with pathogens or filth in finished spice or food products. These guidance documents reflect current
scientific knowledge including the ability of Salmonella to survive in low-moisture foods such as spices, the
enhanced heat resistance of some Salmonella strains, and lessons learned from past contamination and
outbreak events. Clean, Safe Spices: Guidance from the American Spice Trade Association, published in 2011,
highlights the application of Good Agricultural Practices (GAPs) for growing and harvesting spices, supply
chain approval and re-evaluation programs, Good Manufacturing Practices (GMPs), validated microbial
reduction processes, ASTA Cleanliness Specifications, post-treatment sampling and testing program,
environmental sampling and testing program, and the development of Hazard Analysis and Critical Control
Point (HACCP) plans. The Grocery Manufacturers Association Control of Salmonella in Low-Moisture Foods
guidance and associated journal articles highlight additional preventive controls including stringent control
of hygienic practices in the Primary Salmonella Control Area (PSCA) and moisture control. The extent to
which the recommendations in these guidance documents are applied by the spice and food industry is
unknown. Guidance from Codex and Food and Agriculture Organization (FAO)/WHO provide science-based
general principles for hygienic production and harvesting, establishment design and hygiene requirements,
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personnel hygiene, establishment hygienic processing, and end-product specifications that can be applied to
spice. The spice-specific Code of Hygienic Practice for Spices and Dried Aromatic Plants does not reflect current
knowledge in hygienic practices and is being revised by the Codex Committee on Food Hygiene (at the time
this report was written).

General Conclusions and Potential Future Mitigation and Control Options
Failures identified in the farm-to-table food safety system potentially leading to adulteration of consumed

spice generally arose from poor/inconsistent application of appropriate preventive controls, such as failing to
limit animal access to the spice source plant during harvest or drying phases, failing to limit insect and rodent
access to spice during storage, or failing to subject all spice to an effective pathogen reduction treatment (or
other lethality step). Based on our research, we concluded that knowledge and technology are available to
significantly reduce the risk of illness from consumption of contaminated spices in the United States.

We developed a list of potential future mitigations and control options for consideration based on the
scientific data, information, and analysis in this report. The list includes mitigation and control options that
FDA, the spice industry, government agencies, food manufacturers/preparers, and the consumer may
consider to reduce the prevalence and concentration of Salmonella, other pathogens, and filth in spices and to
reduce the public health burden resulting from consumption of contaminated spices or foods containing
contaminated spices. Mitigation and control options identified include capacity building, guidance,
enforcement and regulatory strategies, communication, education, and training. We emphasize capacity
building through the creation of partnerships with stakeholders to facilitate improvements in spice safety and
reduce the risk of illness from consumption of pathogen-contaminated spices. These include enhanced
communication between FDA and the spice industry and within the spice and food manufacturing industry
itself, combined with training across the spice supply chain to ensure understanding of appropriate
preventive controls and how to implement them.

Data Gaps and Research Needs
The development of the risk profile revealed many gaps in information and data regarding the adulteration of

spices by pathogens and filth and the potential for this contamination to impact public health. We identified
these gaps and the research needed to fill them, particularly focusing on research that could improve our
ability to assess the public health risk posed by consumption of spices in the United States, to better
characterize system failures that lead to spice contamination, and to explore additional potential future
mitigations.
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1. INTRODUCTION

The FDA Draft Risk Profile on Pathogens and Filth in Spices was initiated by the Center for Food Safety and
Applied Nutrition in response to a large 2008-2009 outbreak of Salmonella illness associated with the
consumption of microbiologically contaminated ground white pepper in the United States. Subsequently, the
United States had a larger outbreak of Salmonella illness, this time associated with consumption of products
containing black and red pepper. This second outbreak, as well as other reports in the literature and within
FDA served to underscore the importance of researching food safety issues associated with spices.

The Draft Risk Profile on Pathogens and Filth in Spices was primarily developed to provide information for
the Food and Drug Administration (FDA) risk managers and others to use in regulatory decision-making. The
information may also be useful to stakeholders and interested parties such as spice producers and importers,
spice and food manufacturers, retail foods establishments, and consumers.

1.1 RISK PROFILE OBJECTIVES AND SCOPE

The Spice Risk Profile has four main objectives:

1. Describe the nature and extent of the public health risk posed by consumption of spices in the United
States by identifying the most commonly occurring microbial hazards and filth in spice.

2. Describe and evaluate current mitigation and control options designed to reduce the public health
risk posed by consumption of contaminated spices in the United States.

3. Identify potential additional mitigation or control options designed to reduce the public health risk
posed by the consumption of contaminated spices in the United States.

4. ldentify data gaps and research needs.

For the purpose of this risk profile, the term “spice” means “any [dried] aromatic vegetable substances in the
whole, broken, or ground form, except for those substances which have been traditionally regarded as foods,
whose significant function in food is seasoning rather than nutritional, and from which no portion of any
volatile oil or other flavoring principle has been removed” (Title 21 Code of Federal Regulations (CFR),
section 101.22) (FDA, 2012p) and includes spices listed at 21 CFR 182.10 and 21 CFR 184 (FDA, 2012f; FDA,
2012g) and additional dried plants listed as spices by the Environmental Protection Agency (EPA), the
American Spice Trade Association (ASTA) (ASTA, 2012) and the Seasoning and Spice Association (SSA) (SSA,
2012), such as dehydrated onion and garlic, as well as other dehydrated vegetables used as seasoning.

The specific microbial hazards and filth elements in spices considered in this risk profile include pathogens
and filth adulterants detected in spices, implicated in outbreaks, reported as the reason for recalls, and
reported in submissions to the Reportable Food Registry (RFR). Emphasis is placed on the pathogen(s) with
the strongest evidence for illness related to consumption of contaminated spices (e.g., outbreaks) and for
which the potential for exposure in the United States has been established (i.e., outbreaks, recalls,
submissions to the RFR, and surveillance sampling).

The risk profile also addresses specific questions posed by risk managers, which include the following:

1. What is known about the frequency and concentrations of pathogen and/or filth contamination of
spices throughout the food supply chain (e.g., on the farm, at primary processing/manufacturing, at
intermediary processing (where spices are used as ingredients in multi-component products), at
distribution (including importation), at retail sale/use, and at the consumer’s home)?

2. What is known about differences in production and contamination of imported and domestic spices?

3. Whatis known about the effectiveness and practicality of currently available and potential future
mitigations and control options to prevent human illnesses associated with contaminated spices (e.g.,
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practices and/or technologies to reduce or prevent contamination, surveillance, inspection, import
strategies, or guidance)?

4. What are the highest priority research needs related to prevention or reduction of contamination of
spices with pathogens or filth?

Completion of the risk profile involved decisions about cutoff dates for data inclusion. Within the constraints
of data access, collection, analysis, and review, we provide a review of current data that address the risk
management objectives and questions posed. For the review of outbreaks and analysis of FDA and industry
sampling data, the availability of data and the complexity of the analyses involved determined upper year
cutoffs for these studies.
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2. FOODBORNE ILLNESS OUTBREAKS FROM MICROBIAL
CONTAMINANTS IN SPICES, 1973-2010

We undertook a comprehensive literature search and reviewed the Centers for Disease Control and
Prevention’s Foodborne Disease Outbreak Surveillance System (CDC’s FDOSS) to identify and describe all the
foodborne illness outbreaks that have been reported and attributed to consumption of pathogen-
contaminated spices throughout the world during the years 1973 through 2010. The original report of this
study was published in Food Microbiology (Van Doren et al., 2013b). The risk profile includes additional
search criteria, added in response to suggestions by external peer reviewers, but no additional outbreaks
beyond those reported in the original report have been identified.

The specific objectives of this study were to (1) characterize the public health burden arising from
consumption of spices contaminated with microbial pathogens, (2) identify the types of microorganisms
implicated in foodborne illness outbreaks caused by consumption of contaminated spice, (3) identify and
characterize the types of spices and countries of origin implicated in spice-associated illness outbreaks, and
(4) identify the leading causes of microbial contamination of spices associated with foodborne outbreaks.

We define a spice-associated outbreak as the occurrence of two or more similar illnesses resulting from
ingestion of a food containing a common spice(s) as an ingredient. Only outbreaks with laboratory detection
of the suspected causative agent in the spice/spice blend and either culture-confirmed detection of the
causative agent in clinical samples or analytical epidemiological evidence providing a statistically significant
associated between consumption of the food vehicle and being a case in the outbreak were included. These
inclusion criteria were selected to ensure that the outbreaks identified had compelling evidence that a
contaminated spice ingredient was the cause of the reported illnesses. The review included outbreaks taking
place during the years 1973-2010. The period of review began in 1973 because it was the year CDC’s
Foodborne Disease Outbreak Surveillance System (FDOSS) was initiated and the period ended with 2010
because it was the most recent year for which data from FDOSS was available when this report was written.

To identify and learn about foodborne illness outbreaks associated with consumption of spices, we reviewed
the refereed scientific literature and available government/agency reports using MEDLINE and Google
Scholar to search the English-language literature using different combinations of the following keywords:
outbreak, foodborne, spice, seasoning, herb, pathogen, Bacillus, Campylobacter, Clostridium, Cronobacter,
Escherichia coli, E. coli, 0157, 0104, Mycobacterium bovis, Mycobacterium tuberculosis, norovirus, Salmonella,
sakazakii, Shigella, and Staphylococcus aureus. We also queried the CDC’s FDOSS to identify outbreaks
reported to CDC during 1973-2010 where a spice was reported as the implicated food (CDC, 2012a). We
reviewed paper citations and references contained in the articles identified in our search and contacted
public health agencies in France, New Zealand and the United Kingdom to follow up on reports in the
literature. Through these contacts, we learned of one additional outbreak, which has not been previously
reported in the literature. For the two most recent illness outbreaks in the United States, additional
information was gathered from investigations by FDA and CDC.

2.1 SUMMARY OF OUTBREAKS, 1973-2010

The review identified fourteen spice-associated illness outbreaks occurring between 1973 and 2010 (Table
2.1). Four of these outbreaks were identified in a previous review of salmonellosis outbreaks associated with
consumption of spices and fresh herbs (Zweifel and Stephan, 2012). Together, these outbreaks resulted in
1946 reported human illnesses, 128 hospitalizations (7% of cases) and two deaths (0.1%). Countries
reporting outbreaks were Canada (1 outbreak), Denmark (1), France (1), Germany (2), New Zealand (1),
Norway (1), Serbia (1), United Kingdom (3), and the United States (3).
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Table 2.1. Summary of enteric illness outbreaks taking place during 1973-2010 associated with consumption of microbial contaminants in

dried spices and seasonings or foods containing these contaminated ingredients

from Brazil.

samples of black pepper found
concentrations in the range 0.1 to
>2.4 MPN/g.

Other
. . Country: Hospital- pathogens
Spice Linked to Date Outbreak Pathogent Total izations isolated Comments Reference(s)
Outbreak . Casesc .
(Spice)a (Deaths) during
investigation
Microbiological link between spice
and illness established.
Outbreak identified in Mar 1974
after laboratory surveillance
detected increased human cases of
Dec 1973 S. Weltevreden illne.s.s; 2 samples Laidley et dl,
Black pepper _ Ma Canada Salmonella 17 1 None reported of black pepper positive for S. 1974 WHO
(Piper nigrum) Y (India) Weltevreden (Not reported) P Weltevreden had been previously ’ ’
1974 . e 1974
identified in Aug 1973. One case
attributed to consumption of white
pepper; S. Weltevreden isolated
from opened container of white
pepper with same trademark as S.
Weltevreden positive black pepper
samples.
Microbiological link between spice
and illness established.
S. Senftenberg,
S. Lexington, The Brazilian black pepper was
S. Abaetuba first shipped to the Federal
from samples Republic of Germany; only a
of implicated fraction of the original shipment
Black pepper Nov 1981 Norway Salmonella 525% black pepper. was later shipped to Norway. It is Gustavsen and
(Piper nigrum) - Aug (Brazil) Oranienburg 126 (atleast 1) not known whether the pepper Breen, 1984
1982 S. Sendai, was processed or repackaged in ’
S. Glostrup Germany before shipment to
from other Norway.
samples of
black pepper Enumeration of Salmonella in 12
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Other
. . Country: Hospital- pathogens
Spice Linked to Date Outbreak PathogenP Total izations isolated Comments Reference(s)
Outbreak . Cases¢ .
(Spice)a (Deaths) during
investigation
Microbiological link between spice
and illness established.
Paprika Salmonella
(Capsicum Prevailing . Spice mix applied after chip
annum) Apr - Sep Germany serotypes: ~1000 Not reported Multiple temperature dropped to 60°C. Lehmacher et
. (South . Salmonella
(on paprika- 1993 America) Saintpaul, d (Not reported) serotvpes al., 1995
powdered Rubislaw, and typ Enumeration of Salmonella in
potato chips) Javiana paprika and paprika-containing
spice mixes found concentrations
in the range 0.04-11 MPN/g.
Microbiological link between spice
and illness established.
Turmeric Bacillus Little et al,
(Curcuma longa) United subltilis 0 Outbreak attributed to 2003; Little,
9 1995e Kingdom . 2 None reported | consumption of lamb seekh kebab 2012; Health
(on lamb seekh & Bacillus (0) . e .
kebab) (not known) umilus in a restaurant; B. subtilis and B. Protection
p pumilus were detected in the Agency, 2011
turmeric powder used to make the
lamb seekh kebab.
Microbiological link between spice .
and illness established Little et al,
Black pepper United Salmonella 1 ’ 2003; Little,
. p. pp Aug 1996 Kingdom Enteritidis 8 None reported e . 2012; Health
(Piper nigrum) (0) S. Enteritidis detected in ground .
(not known) PT4 . Protection
black pepper used in meal
o Agency, 2011
preparation in a restaurant.
Microbiological link between spice
and illness established.
Pepper New Zealand Bacillus None reported Outbreak attributed to Cameron,
(type not 1997 . e 2 (None None reported .
specified) (Malaysia) subtilis reported) consumption of peppered steak; B. 1998
p p subtilis detected in cooked and
uncooked steak, pepper mix, and
peppercorns (>104 CFU/g).
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Other
. . Country: Hospital- pathogens
Spice Linked to Date Outbreak PathogenP Total izations isolated Comments Reference(s)
Outbreak . Cases¢ .
(Spice)a (Deaths) during
investigation
Microbiological link between spice
and illness established.
. S. Braenderup detecte(.i in curry Little, 2012
United powder added as garnish to an egg
Curry Powder . Salmonella 1 L . Health
) Aug 2002 Kingdom 20 None reported | dish in a restaurant; dish was kept )
(blend of spices) . Braenderup 0) Protection
(India) at room temperature before Agency 2011
serving; S. Braenderup found in sency,
samples from both opened and
unopened packages of curry
powder.
Microbiological link between spice
and illness established.
Identification of implicated vehicle
Anise seed aided by l_{nowledg(_e during
(Pimpinella hypothesis generation that S.
P Other Agona had been isolated from
anisum) unspecified anise seed during routine food Koch et al
(in tea Oct 2002 Germany Salmonella 210f39 p Surne - i
containing anise | -Jul 2003 (Turkey) Asona 42 0) Salmonella safety monitoring in 2002. 2005; Rabsch
5 y & serotypes etal, 2005

seed, fennel
seed, and
caraway)

All cases of illness in infants <13
months.

Enumeration of Salmonella in
samples of anise seed-containing
tea found a concentration of 0.036
MPN/g.
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Other
. . Country: Hospital- pathogens
Spice Linked to Date Outbreak PathogenP Total izations isolated Comments Reference(s)
Outbreak . Cases¢ .
(Spice)a (Deaths) during
investigation
S.
Typhimurium,
S. Kentucky,
Cronobacter
. sakazakii from
United States . . . . .
. unopened Microbiological link between spice
(China for . .
. snack puff and illness established.
dried
broccoli bags;
Seasoning mix & S. Seasoning mix applied after final
. Jan 2007 powder; . . . .
broccoli powder _ Dec sources of Salmonella 69 6 of 56 Typhimurium, | pathogen reduction step. Sotir et al.,
coating a snac andswort . Haifa from
i k Wand h 0 S. Haifa fi 2009
2007 other . . . .
puff) . . finished Isolating S. Typhimurium from
ingredients ) . ; . e
. . product in the seasoning mix led to identification
in seasoning . . . .
. manufacturing | of alinked S. Typhimurium
mix not .
reported) facility; S. outbreak.
p Mbandaka
from parsley
powder used in
the puff snack
seasoning mix.
United States
(China for . . . . .
dried S Wandsworth MICI‘.ObIOIOglcal 11.r1k between spice
. B and illness established.
Seasoning mix & broccoli plus “Other
broccoli powder Jun 2007 powder; Salmonella 20f18 p_athogens Outbreak identified after sample of Sotir et al.,
A - Sep sources of . . 18 listed above for . .
(coating a snack Typhimurium (0) snack food seasoning mix taken 2009
. 2007 other related S. .
puff) continued . . during S. Wandsworth outbreak
ingredients Wandsworth . L .
. . investigation was positive for S.
in seasoning outbreak. . .
mix not Typhimurium.
reported)
Analytical epidemiological
,
(in couscous 2007 (Not cereus 146 0) Unknown in t1.1e COUSCOUS disﬁ EFSA, 2009a;
dish) reported) ) Delmas, 2013

Outbreak in school/kindergarten.
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Other
. . Country: Hospital- pathogens
Spice Linked to Date Outbreak PathogenP Total izations isolated Comments Reference(s
Outbreak g Cases¢
(Spice) (Deaths) during
investigation
Microbiological link between spice
and illness established.
Fennel seed
(Foeniculum .
Parents of case-patients reported
vulgare) Mar Serbia pouring boiling water over (dry)
(lgoftzli)r};mtea 2007- Sep (Not Si‘;l;:::lfgf 14 (N0t4r2f ijted) None reported | baby tea mixture during llicetal., 2010
fennel seeg 2008 reported) & P preparation but did not heat tea
. ’ infusion to boiling.
anise seed, and
caraway) 71% of cases of illness in infants
<12 months.
Microbiological link between spice
and illness established.
Environmental samples from spice
8 of 60 - 14 processing facility tested positive CDPH/FDB/
additio,nal for the outbreak strain. Multiple ERU, 2010;
. Dec 2008 ) . violations of CGMP noted during FDA, 2009a;
White pepper United States Salmonella patients were . . ) . .
. ) - Apr . . 87 - None reported | inspection of spice processing Higa, 2011;
(Piper nigrum) (Vietnam) Rissen hospitalized . )
2009 before illness facility. Hajmeer and
(1) Myers, 2011;
Identification of implicated vehicle Higa, 2012
aided by knowledge that the
outbreak strain had been isolated
in 2006 from an FDA import
sample of black pepper.
Microbiological link between spice
and illness established.
United States
(Ilii'a(:: Efr;z(:;) (black Black pepper and red pepper CDC, 2010;
permg pepper- applied to salami products after Gieraltowski
and red pepper | Jul 2009 - . Salmonella 52 of 203 i .
; Vietnam; red . 272f S. Senftenberg | the final pathogen reduction step. etal,2012;
(Capsicum spp.) | Apr 2010 Montevideo (0)
(on Italian-style pepper - DuVernoy,
salami) India & Isolating S. Senftenberg from 2012
China) implicated product led to

identification of a linked S.
Senftenberg outbreak.
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Other
. . Country: Hospital- pathogens
Splgi:;;l::l(: to Date Outbreak PathogenP (':I; (;t:slc izations isolated Comments Reference(s)
(Spice) (Deaths) during
investigation
Black pepper United States Microbiological link between spice
(Piper rlz)igrr)“zm) (black and illness established.
and rt.ed bepper Jul 2009 - . bepper Salmonella Not reported . Outbreak identified during S. CDC, 2010;
(Capsicum spp.) Vietnam; red 11 S. Montevideo . . . DuVernoy,
. Apr 2010 Senftenberg (Notreported) Montevideo outbreak investigation
(on Italian-style pepper - . 2012
salami) India & after sample of unopened retail
continued China) package of salami was positive for
S. Senftenberg.
Microbiological link between spice
and illness established.
White pepper . )
iper nigrum nknown ontaminated white pepper in
(Pi . ) 2010 Denmark Bacillus 112 0 Unk c . d whi . EFSA, 2013;
. (Unknown) cereus 0) ) EFSA, 2011a
(in stew) stew. Canteen/workplace catering
setting. Storage time/temperature
abuse suspected as contributing.

a Country where outbreak occurred following by country of origin of the spice in parentheses.

b Salmonella serotypes listed are serotypes of Salmonella enterica subspecies enterica.

¢Number of cases of illness listed are the number of documented cases of illness. Several sources indicate that this number significantly underestimates the actual number of illnesses
associated with the outbreak (Scallan et al, 2011; Mead et al., 1999; Voetsch et al., 2004; Chalker and Blaser, 1988). See text for further details.
dNumber of human cases of illness associated with rare serotypes of Salmonella found in paprika or paprika-powdered potato chips during the outbreak. Approximately 42% of illnesses

were associated with the three prevailing S. serotypes

eDuration of outbreak not known (Little, 2012; Health Protection Agency, 2011)
fNumber of cases of illness listed are number of epidemiologically linked cases of illness (CDC, 2010). A SNP-based evolutionary analysis of Montevideo isolates suggests that a portion of the
epidemiologically linked cases of illness may not be associated with this outbreak (see text, den Bakker et al,, 2011).
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Ten of the fourteen (71%) spice-associated outbreaks and 87% of the illnesses were caused by serotypes of
Salmonella enterica subspecies enterica. Four outbreaks were caused by Bacillus spp., accounting for 13% of
the illnesses. Four outbreaks were associated with two or more different organisms (multiple serotypes of
Salmonella or multiple species of Bacillus). Salmonella serotypes associated with human illnesses in these
outbreaks included Agona (1 outbreak), Braenderup (1), Enteritidis (1), Javiana (1), Montevideo (1),
Oranienburg (1), Rissen (1), Rubislaw (1), Saintpaul (1), Senftenberg (2), Typhimurium (1), Wandsworth (1),
and Weltevreden (1) (Table 2.1). Bacillus species identified as causative agents in spice-associated outbreaks
included B. cereus (2 outbreaks), B. subtilis (2) and B. pumilus (1). The evidence for the spice-associated B.
subtilis and B. pumilus illness outbreaks reported in Table 2.1 included both epidemiological and
microbiological data (Little, 2012). B. subtilis and B. pumilus are seldom reported as foodborne pathogens but
these organisms may produce a mild toxin after growing to high numbers in a food (Logan, 2011).

Spices implicated in the outbreaks were black pepper (Piper nigrum; 4 outbreaks), red pepper (Capsicum
spp.; 2 outbreaks), white pepper (Piper nigrum; 2 outbreaks), unspecified pepper (1 outbreak), curry powder
(a blend of spices; 1 outbreak), anise seed (Pimpinella anisum; 1 outbreak), fennel seed (Foeniculum vulgare;
1 outbreak), turmeric (Curcuma longa; 1 outbreak), a spice blend (1 outbreak) and a seasoning blend
containing contaminated broccoli powder (1 outbreak); some outbreaks were associated with multiple spices
or food vehicles (Table 2.1). Seventy-one percent (10/14) of the outbreaks were associated with spices
classified as fruits or seeds of the source plant. The countries/regions of origin of the implicated spices were
identified in nine outbreaks and included Brazil (1 outbreak), China (2), India (3), Malaysia (1), South
America (1), Turkey (1), and Vietnam (2) (Table 2.1). In every case where it could be determined (9/14
outbreaks), the spices implicated in the outbreaks were imported. This observation is not unexpected
because many of the countries in which outbreaks were identified are not major spice producing countries
(FAO, 2013b). In at least two of the outbreaks, post-import cross-contamination is suspected to have
contributed to the outbreak (Salmonella Rissen in white pepper [Piper nigrum] and Salmonella Montevideo in
black pepper [Piper nigrum] and red pepper (Capsicum spp.); see discussion in Section 2.2).

2.2 OUTBREAKS IN THE UNITED STATES

Three foodborne illness outbreaks attributed to consumption of pathogen-contaminated spices were
reported in the United States during the study period. All three outbreaks took place within a 40 month
period (Jan 2007-April 2010) and accounted for 457 laboratory-confirmed illnesses, 68 hospitalizations, and
one death (Table 2.1). Age data were available for 404 of the 457 confirmed cases. The age breakdown for
these three outbreaks was: <1 year, 5%; 1 to 4 years, 17%; 5 to 9 years, 14%; 20 to 49 years, 32%; and >50
years, 32%. The distribution of ages affected in these three U.S. outbreaks demonstrates that nearly all ages in
the population have been affected by these outbreaks.

In the earliest spice-associated outbreak identified in the United States, 69 cases of Salmonella Wandsworth
illness were confirmed from 23 states between January 2007 and December 2007; 96% of ill persons were
children < 6 years old (Sotir et al,, 2009). Public health investigations performed by state and federal
regulatory authorities implicated a seasoning mix consisting of broccoli powder, parsley powder, and other
spices used to coat a snack puff after the final food manufacturing pathogen reduction step (Sotir et al., 2009).
The only ingredient in the seasoning mix to test positive for Salmonella Wandsworth was the broccoli
powder, collected at two U.S. snack food manufacturing facilities and imported from China. It is not known
whether the broccoli powder had undergone a pathogen reduction treatment before its application to the
snack food (Sotir et al., 2009). None of the environmental samples collected in the two snack food
manufacturing facilities tested positive for Salmonella (Sotir et al., 2009). Product testing also identified
Salmonella Typhimurium from the seasoning mix and Salmonella Mbandaka from parsley powder (Sotir et al.,
2009). A cluster of 11 human cases of Salmonella Typhimurium illness epidemiologically linked to the snack
puffs was subsequently identified; no confirmed human cases of Salmonella Mbandaka illness were reported
(Sotir et al., 2009).
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In the second spice- associated outbreak in the United States, 87 cases of Salmonella Rissen illness that
occurred between December 2008 and April 2009 were reported from 5 states (CDPH/FDB/ERU, 2010; Higa,
2011). Human cases of illness resulted from food consumption at restaurants and hospitals and included
individuals from age 5 months to 94 years (Higa, 2011). Epidemiologic investigations, traceback
investigations, and product testing implicated white pepper (Piper nigrum) ground and packed by a single
company in California (CDPH/FDB/ERU, 2010; Higa, 2011; Hajmeer and Myers, 2011).

Samples of whole and ground white pepper were collected from the California spice processing and packing
facility and analyzed during the investigation. One unopened bag of imported whole white peppercorns was
found to contain the Salmonella Rissen outbreak strain, suggesting contamination of the spice took place
before import (CDPH/FDB/ERU, 2010). The whole white peppercorns implicated in this outbreak originated
from Vietnam and had been sold as “steam washed” (CDPH/FDB/ERU, 2010; Myers and Higa, 2011; Hajmeer
and Myers, 2011). While steam treatments are often applied to spices to reduce/eliminate microbial
pathogens (ASTA, 2011), “steam washing” is primarily used to clean dirt from spices and may not provide an
effective pathogen reduction step (Myers and Higa, 2011; Hajmeer and Myers, 2011). No other pathogen
reduction treatment had been applied to the spice (Myers and Higa, 2011) but the suspected imported whole
white pepper lot was accompanied by a Certificate of Analysis (COA) that indicted that the lot had tested
negative for Salmonella before import (CDPH/FDB/ERU, 2010). The sensitivity of the screening test used for
the COA is not known so it is possible that the lot could have contained a low concentration of Salmonella or a
highly clustered distribution of Salmonella undetected by the screening test (ICMSF, 2002; Bassett et al.,
2010).

Environmental sampling data collected in the implicated spice processing and packing facility in California
found widespread contamination of the spice processing facility, with ~40% (46/116) of swab samples taken
throughout the facility testing positive for Salmonella (CDPH/FDB/ERU, 2010). All of the Salmonella isolates
for which a strain was determined (19/46) matched the Salmonella Rissen outbreak strain (CDPH/FDB/ERU,
2010). Contamination of the grinding room was particularly extensive, with 94% (34/36) of swabs collected
in the grinding room testing positive for Salmonella Rissen and 100% (14/14) of the isolates examined for
strain, matching the outbreak strain (Hajmeer and Myers, 2011; FDA, 2009). Inspections (CDPH/FDB/ERU,
2010; FDA, 2009; Hajmeer and Myers, 2011) of the facility revealed multiple violations of the Current Good
Manufacturing Practices (CGMP) regulation for foods at 21 CFR 110 (FDA, 2012i; U.S.C., 2007). FDA issued a
Warning Letter to the firm that stated in part, “The finding of Salmonella in multiple processing locations
within your facility indicates that this pathogenic organism may have become established in a niche
environment in your facility” (FDA, 2009). With such gross contamination of the spice processing/packing
facility, it is possible that cross-contamination from the facility environment to the spice also played a role in
this outbreak.

During the third spice- associated outbreak in the United States, epidemiological investigations identified 272
laboratory-confirmed cases of Salmonella Montevideo illness from 44 states and the District of Columbia
during the period July 2009 to April 2010 (CDC, 2010; Gieraltowski et al., 2012); ill persons ranged in age
from <1 to 93 years (CDC, 2010; Gieraltowski et al., 2012). A next generation sequencing (NGS) analysis of
human isolates collected during the time of the outbreak suggested that the total number of cases of illness
associated with this outbreak may have been significantly smaller (den Bakker et al, 2011). However, the
NGS analysis only included 20 putative outbreak isolates and relied on comparison with NGS data from
known outbreak isolates analyzed on a different experimental platform (Lienau et al.,, 2011) which may have
impacted the study conclusions.

Epidemiologic and traceback investigations of the Salmonella Montevideo outbreak implicated consumption
of ready-to-eat salami products (including pepper-coated salami) manufactured by a single company in
Rhode Island (Gieraltowski et al.,, 2012). Traceback and product testing determined that black pepper (Piper
nigrum) from Vietnam and red pepper (Capsicum spp.) from India and China used in the salami products
were contaminated with Salmonella Montevideo (CDC, 2010; Gieraltowski et al,, 2012; DuVernoy, 2012). A
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private laboratory also isolated Salmonella Senftenberg from an unopened retail sample of the implicated
product (Gieraltowski et al., 2012). PulseNet subsequently identified 11 human cases of Salmonella
Senftenberg with the same pulsed-field gel electrophoresis pattern (PFGE), and two of the patients reported
purchasing the implicated product (Gieraltowski et al., 2012).

Evidence collected during the outbreak investigation revealed that some of the black pepper used in the
manufacture of the salami products was reported to have been treated with steam (Gieraltowski et al., 2012).
Descriptions of the treatments included “steam washed” and “steam sterilized” (DuVernoy, 2012). Some of
the red pepper lots implicated in the investigation were reported to have been treated with ethylene oxide,
some before and some after import into the United States (DuVernoy, 2012). It is not known if the steam or
ethylene oxide treatments had been validated as an effective reduction step for Salmonella. Some of the
treated imported black pepper shipments were accompanied by Certificates of Analysis (COAs) reporting
negative tests for Salmonella (DuVernoy, 2012). However, review of the COAs revealed that at least some of
the tests were conducted on a smaller sample size than FDA typically uses to examine spices at import (i.e.,
examining one 25 g sample as compared with 30 x 25 g [two-375 g composite samples]) (Andrews and
Hammack, 2003). Therefore, it is possible that some of the treated imported black pepper contained low
concentrations of Salmonella or highly localized contamination (ICMSF, 2002; Bassett et al., 2010) unreached
by steam. As in the Salmonella Wandsworth outbreak associated with snack puffs, investigation of the food
manufacturing process revealed that spices were applied to the salami products after the final (meat
production/fermentation and drying) pathogen reduction step (CDC, 2010; Gieraltowski et al., 2012). Growth
of Salmonella in the salami products is not suspected as contributing to this outbreak because salami is a low-
moisture, shelf-stable food.

While it was not possible to definitively determine where in the supply chain the spices were contaminated,
the weight of evidence suggests that contamination of the black and red pepper with Salmonella Montevideo
took place after the spice shipments were imported into the United States, that is, from cross-contamination.
Experimental evidence supporting this hypothesis includes the NGS study that demonstrated that clinical,
product, and environmental isolates associated with the outbreak were most closely related with one
Salmonella Montevideo isolate collected from the east coast of the United States and were distinct from
Montevideo strains from other parts of the world (Lienau et al, 2011; Allard et al., 2012). Other evidence
supporting post-import contamination includes the facts that the spice associated with the outbreak was
imported from three different countries that are geographically distinct (CDC, 2010; Gieraltowski et al., 2012)
and that “a common source in the distribution path from production to the Company A facility [salami
manufacturing facilities] was not identified between the black and red pepper” (Gieraltowski et al, 2012).
While “unopened” boxes of spice in the salami manufacturer were found to contain the outbreak strain
(Gieraltowski et al,, 2012), the spice in these boxes came from U.S. suppliers who had stored, repacked, and in
some cases, processed (e.g., ground/cracked) the spice before shipment to the salami manufacturing facility
(DuVernoy, 2012).

2.3 SELECTED NON-U.S. OUTBREAKS

The largest spice-associated outbreak was identified in Germany in 1993 (Lehmacher et al., 1995; Table 2.1)
in which an estimated 1000 cases of Salmonella illness occurred between April and September 1993. The
majority of illnesses were in children <14 years old, including 14 infants <1 year old. A large number of
Salmonella serotypes were associated with this outbreak; Salmonella Saintpaul, Javiana, and Rubislaw
accounted for 42% of the human illnesses and many other Salmonella serotypes were isolated from patients
or implicated foods (Lehmacher et al. 1995).

Traceback investigations and product testing identified paprika (Capsicum annum), used in seasoning for
potato c