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A Survey of Salmonella Serovars
and Most Probable Numbers in

Rendered-Animal-Protein Meals:
Inferences for Animal and Human Health

Abstract

Salmo_ﬁellae are resourceful and adaptive organisms that
infect a broad range of diverse hosts. Serovars of the

genus were first isolated in a poultry mash in 1948, thus establishing a need to as-

sess the pertinence of Salmonella organisms in animal protein feed mgredlents Inthe

study reported here, a random-sampling scheme was established to evaluate the Sal-
monella_population level by three-tube most-probable-mumber (MPN) analysis and
serovar identity over a period of one year. The results provide evidence of the limited
relatedness of animal protein meals in the complex cycle of feed contamination and
likely subsequent transmission of disease to animals or humans through the feed chain,

Introduction and Badkground
Species of the genus Salmonella have his-
torically been associated with foodborne
diseases and remain a constant challenge
to the feed and feod industry throughout
the world. The voluminous literature and
databases clearly affirm the importance of
this group of organisms as disease agents
of both animals and man (Ziprin, 1994).
Especially relevant is that most countries
of the world use Salmonella as an indica-
tor of sanitation, hygiene, or contamina-
tion of products. In the United States, the
U.5. Department of Agriculture’s (USDAS)
Food Safety and Inspection Service has
introduced the genus into its regulatory
mandate, establishing pathogen reduction
performance standards for Salmonella, be-
cause raw meat and poultry products fre-
quently harbor the organism. Salmonel-
lae are also among the most prevalent of
zoonolic infectious agents throughout the
world (Werner, 1992).
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in 1884, T. Smith and D.E. Salmon, two em-
inent research microbiologists in USDAS Bu-
reau of Animal Industry, first reported on “the
hog cholera group of bacteria” and on “swine
plague,” work that culminated in the naming
of the genus Salmonella in honor of Daniel
E. Salmon (Franco, 1997; Ziprin, 1994). The
work of these researchers clearly demonstrates
the fallacies of early research endeavors: Swine
fecal specimens routinely contain salmonellae,
and it is obvious that Smith and Salmon asso-
ciated their isolation of these organisms with
the cause of early poorly defined and challeng-
ing diseases like hog cholera. Today hog chol-
era is known to be a viral disease. Nonetheless,
even though they did not discover the defini-
tive cause of the disease, Smith and Salmon
contributed to the annals of bacteriology and
infectious diseases by discovering this ubiqui-
tous foodborne pathogen.

In 1880, prior to the findings of Smith and
Salmon, Eberth had discovered the etiologi-
cal agent of typhoid fever, an acute bacterial
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disease of humans {Levine & Blake, 1992).
It became clear that the causative organism
of typhoid fever belonged to the same gen-
eral group as Salmon and Smith’s bacterium.
Thus, by 1888, Salmonetla had emerged as an
important infectious agent in both animals
and man that caused pathologic changes and
other disease complications not limited to di-
arrhea (Franco, 1997).

The early history of Salmonella circum-
vented the rendering and feed industries until
1948, when the organism was first isolated in
animal feed {poultry mash} at the University
of Kentucky’s Experimental Station in Lexing-
ton (Franco, 1997). The federal Food, Drug,
and Cosmetic Act, the country’s basic food
and drug law, defines food as “articles used
for food or drink for man or other animals ...
and articles used for components of any such
article” [Section 201(P)]. Therefore, according
to the act, Salmonella contamination of animal
feeds, which could produce infection and dis-
ease in animals, is regarded as an adulterant
(Levine & Blake, 1992}. The regulatory im-
plications are firmly established, and the re-
sults of different studies throughout the world
have indicated a need to assess the relevance
and contextual significance of the prevalence
of the organism in major ingredients used in
feed. This need is especially important since
the medical or veterinary literature empha-
sizes a causal relationship between the inclu-
sion of animal protein meals in feed rations
and the incidence of disease in livestock and
poultry—and subsequently humans. To date,
inferences have always been anecdotal, devoid
of conclusive validated studies, and predomi-
nantly based on the assumpton of “likely



cause” because of the occasional isolation of
the organism in feeds.

The most widely referenced peer-re-
viewed publication on the public health
pertinence of feed-associated salmonellosis
in humans s limited to a hypothesis. Al-
beit interesting, it lacks scientific validation
for a proven link between the feed, con-
firmed contamination of the poultry, and
the clinical manifestations of the patients.
In 1973, researchers and epidemiologists of
the Bacterial Diseases Branch of the Cen-
ters for Disease Control (CDC) reported
in the prestigious British medical journal
the Lancet on the epidemiology of an in-
ternational outbreak of Salmenella Agona
(Clark. Kaufmann, Gangarosa, & Thomp-
son, 1973). The authors reported that a
foodborne-disease outbreak had occurred
in Paragould, Arkansas, affecting 17 resi-
dents of the town, and that the source of the
outbreak had been traced to a local restau-
rant and to a Mississippi poultry farm that
had used imported Peruvian fishmeal as a
protein supplement in its feed at a rate of 8
percent (Clark et al., 1973; Franco, 1997).

The epidemiological data implied that the
fishmeal was the probable vehicle of the S. Ag-
ona contamination of the poultry and, by in-
ference, the associated cause of the foodborne-
disease outbreak. This instance was also the
first inferred relarionship of a rendered animal
by-product in a livestock- or poultry-feed for-
mula with the possible transmission of disease
in humnans (Franco, 1997). The epidemiology
remained circumstantial because S. Agona was
not isolated from the feed samples collected
{Clark et al., 1973). Specimens for laboratory
analysis were laken at all stages of production
at the poultry-processing and rendering plants,
and isolations of many Salmonella serovars
were recovered, but not of 5. Agona (Clark et
al., 1973). The serovar (Agona) was recovered,
however, from environmental swabs taken at
the slaughterhouse and from offal to be ren-
dered (Clark et al., 1973).

The authors theorized that “contaminated
chicken apparently introduced $. Agona into
the Paragould restaurant, but it was probably
not the vehicle of infection, since cooking tem-
peratures were sufficient to kill salmonellae”
{Clark et al., 1973). This reported outbreak
heightens the complexity of the chain of rans-
mission of salmonellosis, whether in animals
or humans, and illustrates inherent obstacles
to making hnite conclusions (Franco, 1997).
The report was a well-documented effort to
examine the continual challenges associated

with the nuances of Salmonella epidemiology,
and it generated questions that must be ad-
dressed. In fact, this publication has become
the most important reference source for the
likelihood of the feed-animal-human trans-
mission linkages culminating in disease.

The Center for Veterinary Medicine (CVM)
of the Food and Drug Administration (FDA)
has expressed concern about Salmonella con-
tamination in feed ingredients and finished
feed, and its representatives have been collabo-
rating with involved industries to examine and
consider options for prevention and control.
Conceptually, the agency recommends that pre-
ventive controls be realized by applying hazard
analysis and critical control peint (HACCP)
principles to the manufacturing processes.

Characteristics of the Organism
Salmonella is the name associated with a genus
of bacteria that is commonly related to food-
borne diseases and is a member of the fam-
ily Enterobacteriaceae (Blackman et al., 1992,
Kaye, 1996). Salmoneliae are rod-shaped, mo-
tile, Gram-negative, non-spore-forming bacilli
that ferment glucose, maltose, and mannitol;
almost all produce acid and gas with fermenta-
tion {Francoe, 1997; Kaye). Salmonellae can be
differentiated by their somatic (O} antigens,
composed of lipopotysaccharides, and their
flageliar (H) antigens {Kaye).

Traditionally, the serovars most commonly
isolated in any country tend to be character-
istic of that locale and not subject to extreme
variations of isolation frequency over short pe-
riods (Clark et al., 1973). The genus is made
up of more than 2,300 serovars whose simple
requirements for growth enable them o muli-
ply over a wide variety of conditions (Franco,
1997). The organisms are not highly resistant
1o either physical or chemical agents. They can
be killed at 55°C in 1 hour, or at 60°C in 15
to 20 minutes. They are ubiquitous, and moist
conditions favor growth {Franco, 1997). The
optimal temperature for growth is 37°C, the
normal human body temperature. Standard
cooking temperatures, pasteurization, and
commonly used disinfectants readily destroy
the organism. Freezing decreases Salmonella
numbers, but does not kill them. The organism
survives desiccation well; under optimum con-
ditions with no limits on food and space, a cell
can divide every 20 minutes (Franco, 1997).

Study Objective

The Animal Protein Producers Industry
(APP1) comprises companies in the render-
ing industry that produce protein meals of

animal origin. Each member plant collects
a sample of rendered or blended animal pro-
tein meal weekly, or at least 32 samples annu-
ally. Participating plants mail in their samples
either weekly or monthly to a laboratory for
Salmonella analysis. Currently, approximate-
ly 25 percent of the submitted samples test
positive for Salmonella.

The major objectives of the study reported
here were to determine through data collec-
tion the pertinence of Salmonella population
numbers and serovar identity in submitted
samples, and subsequently to assess the rel-
evance of the findings in the context of {ood
safety, including the public health inferences.
The goals were compatible with the main ob-
jectives of the U.S. food safety system, which
embraces the {arm-to-table concept of con-
trols, and the perceived role of every sector
in the food chain in precluding hazards and
ensuring a safe finished product.

Method

Experimental Protocol

The study analyzed a cross-section of approxi-
mately 200 animal protein meal samples that
tested positive for Salmonella over a 12-month
period and determined the identity of the Sal-
monella serovar and the level of Salmonella by
most-probable-number {(MPN} analysis.

Random-Sampling Scheme

A statistically generated sampling scheme used
a cross-section of the APPT Salmonella-positive
samples, on the assumption of 173 Salmonel-
la-positive samples per month. Each month,
16 to 17 Salmonella-positive samples were se-
lected for MPN determination and Satmonella
serotyping. The numbers given in Table 1 for
each month refer to the sequential number of
each of the positive samples used that month.
For example, in the first month, the frst
sample used for serotyping and enumeration
was the third positive sample tound. The 17th
sample used for serotyping and enumeration
was the 165th positive sample found.

Selection of Samples

Samples from participating member plants
were mailed to Ralston Analytical Laboratories
m St. Louis, Missouri, for Salmonella analysis.
The presence of Salmonella was determined
in a 25-gram (25-g) sample with a Salmonella
DNA probe assay (Rose, B.E., Llabres, CM,,
& Bennett, B., 1991). Standard cultural pro-
cedures and biochemical and serological test-
ing confirmed samples with a Gene-Trak assay
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presumptive-positive result, A tally was kept
in the laboratory of the total number of Salmo-
nella-positive samples for each month. Gene-
Trak presumptive-positive samples were added
to the tally, and the appropriate samples were
selected according to the random-selection
table. Presumptive-positive results were used
to select samples for MPN analysis and sero-
typing for two reasons. First, the Gene-Trak
Salmonella assay has shown that APPI samples
that were presumed positive for Salmonella are
almost always confirmed 1o be so. Second, the
Salmonella MPN assay must be set up as soon
as possible after the Gene-Trak Salmonella de-
tection assay so that the MPN result will realis-
tically reflect the Salmonella population in the
sample in the selected time frame.

Enumeration of Salmonella by

MPN Procedure

Salmonella enumeration was conducted on
the selected Salmonella-positive samples using
a three-tube most-probable-nutmber (MPN)
technique (CDC, 1981). Testing was per-
formed on 40-gram samples. The minimum
sensitivity of this assay, based on the dilutions,
was <003 Salmonella MPN per gram.

Determination of Salmoneila Serovar
Salmonella isolates from the Gene-Trak detec-
tion assay were used for serotyping. 1dentih-
cation of O antigens was performed according
1o a method described by Kauffmann {1996),
and the identification of H antigens was per-
formed according to the procedure described
in the 11th edition of the Difco Manual {Difco,
1998). The author determined the identity
of each Salmonella serovar by compiling the
results of O and H serology and consulting
the 1994 revision of the “Kauffmann-White
Salmonella Antigenic Scheme” in the 11th
edition of the Difco Manual.

Results and Discussion

Average monthly Salmonella MPN/g counts
ranged from 0.2 (April 1999} 1o 78.0 {July
1998). The five highest counts were in con-
secutive months: June 1998 (12.3), July 1998
(78.0), August 1998 (4.0}, September 1998
{74.8), and October 1998 (10.2). The aver-
age Salmonella MPN/g value [or the entire 12
months and all 197 samples was 16.3, while
the median MPN/g value was 0.09.

Table 2 reflects the frequency of the Sal-
monella MPN/g values. Almost 75 percent
of the samples (148 of 197) had Salmonella
MPN/g values of <1.0. Almost 91 percent
of the samples (180 of 197) had Salmonella
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MPN/g values of <10. Only 4.5 percent of the
samples had Salmonella MPN/g values at the
10%t0 109 level.

Table 3 gives the frequency of the top 10
Salmonella serovars isolated during the 12-
month survey. Approximately 48 percent of
the Salmonella serovars were among these 10
serovars. From the 197 samples used in this
study, 36 unique serovars were identified. The
top three serovars isolated from samples in this
survey—Salmonella  Senfienberg, Salmonella
Livingstone, and Salmonella Mbandaka—were
found in 23 percent of the samples. Of par-
ticular interest are the serovars that have pre-
viously been associated with foodborne illness
in humans. Two of these seravars, Salmonella
Agona (3.5 percent) and Salmonella Infantis (3
percent), were among the top 10 serovars iso-
lated. Although Salmonella Typhimurium and
Salmonella Enteritidis are the most common
serovars in the United States (Centers for Dis-
ease Control and Prevention [CDC], 2003),
each was isolated in only 0.5 percent of the
Salmonella-positive samples in this study.

Conclusions

For the 197 Salmonella-positive samples
tested during this 12-month study, the Sal-
monella MPN/g values ranged from <0.03 to
1,100, with a mean MPN/g value of 16.3 and
a median MPN/g value of 0.09. The 10 most
common serovars, in order of occurrence,
were as follows: Salmenella Senfienberg, Sal-
monella Livingstone, Salmonella Mbandaka,
C2 Group Salmonella, Salmonella Havana,
Salmonella Lexington, Salmonella Agona,
Salmonella Arkansas, Salmonella Infantis,
and Salmonella Johannesburg. These top 10
serovars accounted for 48 percent of the se-
rovars isolated. Four serovars associated with
foodborne illness—Salmonella Typhimurium,
Salmonella Enteritidis, Salmonella Infantis,
and Salmonella Agona—accounted for only
7.5 percent of the Salmonella isolated.

Animal and Human Health Inferences

Clinical findings indicate that the majority
of Satmonella inlections in farm animals are
transmitted from an animal of the same spe-
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cies, a trend especially exemplified by the
host-adapted serovars. In cattle, the two most
common serovars consistently isolated are S.
Typhimurium and S. Dublin (Wray, 1994).
In swine, §. Choleraesuis remains the most
predominant serovar, associated with acute,
subacute, and chronic syndromes of infection
(Wray). Poultry isolations of different Salmo-
nella serovars tend to be more diverse than
cattle and swine isolates and also appear to
he more variable from year to year, at least
in the United States. Serovars Heidelberg and
Enteritidis have historically been the most
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Top 10 Salmonella Serovars, June 1998 to May 1999
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consistent of the isolates (Franco, 1997;
Snoeyenbos, 1994}, Basically, however, the
majority of the more than 2,300 Salmonella
serovars are not host-adapted and can infect a
broad range of susceptible hosts, most likely
all species of mammals, birds, and reptiles,
for varying periods, with or without clinical
manifestations of disease (Snoeyenbos).

In the review of laboratory findings and the
annals of infectious diseases, the postulate that
any Salmonella serovar has the potential to cause
disease should not be disputed. The record, how-
ever, indicates that of the various serovars, only
30 to 40 are routinely reported to have clinical
pertinence in animals and man (Franco, 1997).
The isolates of rendered-animal-protein meals,
in general, have traditionally not been linked
10 the custotnary cause of clinical syndromes in
animals and man. An evatuation of the 10 most
frequently isolated serovars in this study affirms
this inference, Both in animals and man, three
clinically significant isolates that were serotyped
are S. Enteritidis, 0.5 percent; S. Typhimurium,
0.5 percent; and S. Infantis—1 percent of the to-
tal samples serotyped.

The findings of this study are compatible
with those of previous serotyping isolates
done by other researchers and pgovernment
institutes—for instance, Sato (1977-1983),
Nagaraja (1978-1989), and the Ministry of

Agriculture, Fisheries, and Food of the United
Kingdom (1993) (Franco, 1997). The inde-
pendent findings of other laboratories, includ-
ing some in other countries {Japan and the
United Kingdom), showing a marked degree
of relative consistency of isolates, offer encour-
agement about the pertinence of this work.
The safety of rendered-animal-protein meals
must be put in context. The time-and-tempera-
ture processes of rendering far exceed the range
that destroys Salmonella and, for that matter,
other genera of bacteria of importance to the
feed and food cycle. The inclusion rate of ani-
mal protein meals in feed rations varies from
2.5 percent to 3 percent depending on animal
species and putritional objectives. The further
processing and pelleting at the feed mill, using
a conditioner meal temperature of at least 180°F
and monitoring the moisture level, serve as ef-
fective additional insurance of product safety.
FDAs ultimate regulatory statute and mis-
sion is the protection of public health. The
agency’s comphance oversight initiatives en-
compass a broad range of industries’ manu-
facturing and production practices, including
aspects of feed and food safety, and are inte-
grated to ensure that the mandated objective
is accomplished In essence, FDA remains a
public health agency, and the examination of
the relevance of Salmenella contamination of
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rendered animal proteins and 1is health safe-
tv pertinence is directiy related 1o the public
health significance.

The findings of this study profile both the
prevalent serovars and the MPN of a broad
range of rendered proteins thal are used in
livestockspoultry rations. Most ol the iso-
lated serovars were not compatible with the
usual 1solates found in a clinical seuing in
animals and homans in the United States,
Of equal significance is the mean popula-
tion average of 16.3 organisms per gram.
For disease to occur, it is usually necessary
to ingest large numbers of organisms {on the

WFERENCES

order of five or more logs). There is. how-
ever. considerable variation in the inaculum
size necessary Lo cause disease. This varia-
tion is dependent vn the serovar, the vehicle
ol infection, and the host. Certain serovars
cause disease in relatively small numbers
{e.g.. §. Typhimurium, 5 Newport, and 5.
Heidelberg). Nonetheless, the MPNs of this
study present compelling evidence of the
limnited risk of transmiting disease to and-
mals or humans through rendered animal
proteins in the feed rations of livestock or
poultry, e

Acknowledgements: The author wishes to
thank microbiologists Jady O Brien and Wal-
ter Jenes of Raiston Analvtical Laboratories
{now Nestles) in St Louis. Missour, for
thetr work on serotyping and on MPNs ol the
saimples, which contributed & most valuable
resource to the findings. He also thanks Win-
field Swanson for editonal services

Curresponding Authior: Don A Franve, Presi-
dent, Center for Biosecuritv. Food Satety &
Public Health, 6430 Stonehurst Circle, Lake
Warth. FL 33407, E-mail: diranco99@acl com.

Blackman, J., Bowman, T., Chambers, J., Kisilenko, J., Parr, ]., St
Laurent, A., & Thompson, J. (1992). Controlling Salmonella in
livestock and poultry feeds. Ottowa, Onario: Canadian Feed In-
dustry Assoctation.

Centers for Disease Control and Preventiort. (1981). Salmonetlae in
Jood and feeds. Adanta, GA: Author.

Centers for Discase Control and Prevention, (2003). Salmoncilo-
sis. httpiwww.cde gov/ncidod/dbmd/diseaseinfo/salmonellosis_
chim (11 Jan. 2004},

Clark, G.M., Kaufmann, A.¥. Gangarosa, E.J., & Thompson, M.A.
{1973). Epidemiology of an international outhreak of Salmonell
Agona. Lancet, 2, 490-493.

Difco. (1998). Dijco manual (11th ed.}. Sparks. MD: Becton Dickinson.

Franco. D.A. {1997} The genus Salmenclla. Sanitation and hvgiene in
the production of rendered animal by-products. Alexandria, VA: Ani-
mal Protein Producers Industry {APPl), National Renderers Asso-
ciation (NRA), Fats and Proteins Research Foundation (FPRF).

Kauflman. E (1966). The bacteriology of Enterobacteriaceac. Balti-
more, MD: Williams & Wilkins.

Kaye, D. (1996). Salmonella infections other than typhoid fever. In
J.C. Bennet & E Plum (Eds.), Cecil rextboolk of medicine (pp. 1644-
1647). Philadelphia. PA: W.B. Saunders.

Levine, WC., & Blake, PA. (1992}, Diseases spread by food and wa-
ter. In J.M. Last & R.B. Wallace (Eds.), Public health and preventive
medicine (pp. 173-174). Norwalk, CT: Appleton & Lange.

Rose, B.E., Llabres, C.M., & Bennett, B. (1991). Evaluation of a colo-
rimetric DNA hybridization test for detection of Salmonella in meat
and poultry products, journal of Food Protection 34, 127-130.

Snoevenhos, G.H. {1994). Avian salmonellosis. In G. W Beran {Ed.}, Hand-
buok of zoonoses (2nd ed.) {pp. 303-310). Boca Raton, FL: CRC Press,

Werner, SB. (1992). Tood poisoning. in | M. Last & R.B. Wallace
(Eds.). Public health and preventive medicine (pp. 193-201). Nor-
walk, CT: Appleton & Lange.

Wray, C. (1994). Mammalian salinoneflosis. In G.W. Beran (Ed.), Hand-
ook of zoonoses (2nd ed.) {pp. 289-302). Boca Raton, FL: CRC Press.

Ziprin, R. L. (1994}, Salmoncile. In YH. Hui, J.R. Gorham, K.D.
Murrell, & D.O. Cliver {Eds.). Faodborne disease handbook
{pp- 233-318). New York: Marce] Dekker.



