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Abstract

Background: In April 2015, the Missouri Department of Health and Senior Services
identified a cluster of four Salmonella enterica serovar Oranienburg infections
among residents of the St. Louis metro area. Clinical isolates from those patients
shared an indistinguishable pulsed-field gel electrophoresis (PFGE) pattern.

Methods and Findings: The ensuing outbreak investigation included
epidemiological, laboratory, and environmental investigations. Clinical and
environmental isolates were subtyped by PFGE pattern and whole genome
sequencing (WGS). Eggs from a single poultry farm and processing facility were
identified as the likely source of this outbreak based on the epidemiologic data,
highly related Salmonella isolates from the farm and processing facility, and
clinical isolates from patients. The egg farm operations were suspended, and the
producer issued a voluntary recall of all eggs produced up to the time of the recall.

Conclusions: WGS is a valuable tool for Salmonella Oranienburg infection outbreak
investigation. Early prospective application of WGS enhances several aspects of
the outbreak investigation. A thorough analysis of combined epidemiological,
traceback, and advanced molecular laboratory data is needed for the proper
management of foodborne outbreak investigation.
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Introduction

In April 2015, the Missouri Department of Health and Senior
Services (MDHSS) identified a cluster of four Salmonella enterica
serovar Oranienburg infections among residents of the St. Louis
metro area. Human cases of Salmonella serovar Oranienburg
infection are relatively rare, accounting for 2.2% and 1.3% of all
Salmonella serotypes in Missouri (historical surveillance data)
and the United States [1], respectively. Serovar Oranienburg
ranks 15 among serotypes in human salmonellosis cases in the
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United States. The outbreak pulsed-field gel electrophoresis
(PFGE) pattern was historically rare in Missouri with only seven
cases reported before 2015. In the past, serovar Oranienburg
outbreaks were associated with a variety of food items, including
German chocolate [2], fruit salad [3], black pepper [4], and chia
powder [5]. While investigating this cluster, the MDHSS was
notified by the PulseNet at the Center for Disease Control and
Prevention (CDC), Atlanta, GA, USA, of the same Salmonella

serovar Oranienburg isolates with the unusual PFGE pattern
being reported by other states, and the multi-state outbreak
investigation was initiated.

Materials and Methods
Epidemiological investigation

Epidemiological investigation was conducted by the MDHSS.
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Epidemiological data on the outbreak cases in other states was
obtained by the MDHSS in collaboration with the respective
local and state health agencies. In Missouri, a case was defined
as infection with Salmonella serovar Oranienburg with the PFGE
Xbal pattern JJXX01.0027 or JJXX01.1185 in a person in Missouri
and the bi-state area in lllinois included in the St Louis, MO
metropolitan region with illness onset occurring during April,
22-November 26, 2015. All cases were ascertained from the
laboratory reports of Samonella positive specimens to the MDHSS.

A multi-state outbreak case was defined as illness in a person
who was a resident of or who had known travel to Missouri
and was infected with Salmonella serovar Oranienburg,
with an isolate matching PFGE Xbal pattern JJXX01.0027 or
JJXX01.1185, orillness in a person outside Missouri infected with
Salmonella Oranienburg with isolate matching PFGE Xbal pattern
JJXX01.0027 and highly related to outbreak isolates by whole
genome sequencing (WGS).

Laboratory investigation

Serovar Oranienburg isolates were subtyped by the Missouri
State Public Health Laboratory (MSPHL) using PFGE, and
representative isolates also underwent WGS at CDC and the Food
and Drug Administration (FDA). High-quality single-nucleotide
polymorphism (hgSNP) analysis of human and environmental
isolates was conducted by the CDC and FDA laboratories. Food
samples were tested by polymerase chain reaction (PCR) at the
MSPHL.

Traceback investigation

The traceback investigation was conducted by the MDHSS, and
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a team of MDHSS, FDA, and the US Department of Agriculture
(USDA) collaborators conducted environmental investigation.

Results

A total of 46 persons meeting the case definition were identified
in Missouri (44) and the bi-state area in Illinois (2). For those
with known incubation period (defined as time from suspected
exposure to onset of clinical illness), the median was 9 days
(range: 1 to 17 days). The median age of patients was 40 years
(range: <1 to 87 years); 31 (67%) patients were female. In seven
(15.2%) of the 46 patients, the outbreak strain was isolated from
the urinary tract (six from urine and one from renal cyst). Among
38 patients for whom information about hospitalization was
available, 13 (34%) were hospitalized; one death was reported in
a person with underlying medical conditions (peritoneal fluid and
wound culture positive for the outbreak strain).

Initial patient interviews indicated that 25 of 46 (54%) patients
reported eating at restaurant chain A during the 14 days
precedingillness onset. Information from a focused questionnaire
regarding food exposures at restaurant chain A revealed that 17
(68%) of the 25 patients who ate at restaurant chain A consumed
eggs. Egg exposure among patients was significantly higher than
among respondents of the FoodNet survey (37.8%) who reported
consuming eggs away from home (p=0.002).

Eventually, a total of 52 cases were identified from 6 states,
including lllinois (2), Indiana (1), Kansas (1), Missouri (44),
Tennessee (3), and Texas (1) Figure 1 with illness onset dates
ranging from April 1, 2015 to November 26, 2015.
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People infected with the outbreak strains of Sa/monella Oranienburg,
by state of residence (n=52)

Figure 1 People infected with the outbreak strain of salmonella Oranienburg by state of residence (n=52).
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Table 1 Change in outbreak case assignment based on combined
epidemiological and laboratory data.

Outbreak Case Status Total change in
Method (n*) Change outbreak case
No No Yes status (n)
PFGE (61) 7 2 9
WGS (16) 0 0 0

*N= total tests performed on human isolates

All clinical isolates from Missouri were closely related by WGS
using high quality single nucleotide polymorphism (SNP) analysis,
but differed from seven serovar Oranienburg isolates with
indistinguishable PFGE patterns reported to PulseNet from other
states during the Missouri outbreak.

Food samples from one restaurant chain A location, including
eggs, black pepper, margarine, and hash brown potatoes were
tested by PCR at the MSPHL, and were negative for Salmonella.

Thetracebackinvestigation by the MDHSS found thatallimplicated
restaurants used eggs from the same local egg producer. A
multi-agency team conducted an inspection and environmental
investigation at the implicated egg farm and egg processing
facility. Through PFGE analysis, six of 30 environmental samples
from the chicken farm’s laying house yielded the outbreak strain
of serovar Oranienburg, and were closely related (differing by
1-7 SNPs) by WGS to the seven clinical isolates from patients with
confirmed exposure to food at restaurant chain A (Figure 2).
Laboratory testing of the farm eggs by FDA was negative for
Salmonella, but the outbreak strain was recovered from seven of
16 additional environmental specimens collected from the egg-
processing facility, including manure belts, floor samples, egg-
loading equipment belt, scraper, and brushes inside the dryer.
WGS confirmed that the egg-processing facility environmental
isolates were also closely related (differing by 1-8 SNPs) to the
seven clinical isolates from patients reporting restaurant chain
A exposure (Figure 2). The Xbal pattern (JJXX01.1185) of one
clinical serovar Oranienburg isolate was different from the
outbreak pattern by a single band, but it was highly related to
the main outbreak strain based on WGS analysis. Two isolates
(one environmental, one clinical) differed from the outbreak
strain by the secondary enzyme BInl by 4 bands (JJXX01.0027/
JJXA26.0029), but were also highly similar to the outbreak strain
by the SNP analysis (Table 1). Isolates from patients with both
clinical variants were included in the final case count.

The six patients from Indiana (1), Kansas (1), Tennessee (3), and
Texas (1) with isolates of the outbreak PFGE pattern were highly
related to the Missouri outbreak by WGS. Three of these patients
had known exposure in Missouri during their incubation period,
and three patients were from a state that received eggs from
the investigated producer (one patient reported no out-of-state
travel, and two patients were lost to follow-up).

Based on the public health investigation findings, the egg farm
operations were suspended, and the producer issued a voluntary
recall of all eggs produced up to the time of the recall.

© Under License of Creative Commons Attribution 3.0 License
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Phylogenetic tree for Salmonella ser. Oranienburg outbreak
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Figure 2 For hgSNP analysis reads were trimmed using run_
assembly_trimClean.pl (http://github.com/Iskatz/CG-

Pipeline) with reads less than 50bp in length removed.

LyveSET v1.1.4f (http://github.com/Iskatz/lyve-SET)

was used with mapping by SMALT. SNPs were called

using Varscan at > 20x coverage, > 95% read support,

and > 5 bp apart.. PacBio assembly of 2013K-1153

used as reference with prophage regions masked at

K 2139470-2159346 and 2804488-2810466. J

Discussion

This outbreak investigation identified eggs from a single poultry
farm and processing facility as the likely source of the outbreak,
based on the epidemiologic data, highly related Salmonella
isolates from the farm and processing facility, and clinical isolates
from patients. External Salmonella contamination of eggs could
have occurred at either the farm or processing facility and
eventually resulted in a human outbreak of salmonellosis when
those eggs were consumed.

Earlier studies have shown that WGS offers increased resolution
for Salmonella enterica serovar Enteritidis compared with PFGE [6].
In this investigation, application of WGS allowed health officials
to exclude Salmonella isolates in other states from cases not
epidemiologically linked to Missouri but with indistinguishable
PFGE patterns as not related to the Missouri outbreak strain
because they differed by WGS. In addition, environmental
isolates from the farm and clinical isolates were shown to be
highly related to one another, providing additional evidence
of a link to eggs from a single producer. WGS also facilitated
confirmation of the outbreak strain in patients epidemiologically
linked to the outbreak, but with different PFGE patterns, and
patients from other states that shared the outbreak PFGE pattern
as the outbreak strain. Thus, early prospective application of
WGS in this investigation was helpful for proper allocation of time
and resources to investigation of cases in Missouri, rather than
pursuing cases in other states that were not likely to be caused
by the same source of outbreak. The WGS also allowed better
data reconciliation between the laboratory findings and the
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epidemiological data obtained from the outbreak case interviews
when compared to the PFGE analysis.

A distinguishing feature of this outbreak was an unusually
prolonged incubation period (median=9 days [range= 1-17 days])
compared with the average incubation (12-36 hours) for a non-
typhoidal Salmonella. It is plausible that low-grade contamination
of the eggshells resulted in a low infectious dose ingested by
exposed persons, leading to the prolonged incubation period.
A similarly prolonged incubation period was reported during
serovar Enteritidis outbreaks among school children in Japan, in
which a low infectious dose was postulated to have resulted in
a longer incubation period [7].
of this outbreak was the high proportion of cases with urinary
tract infection (UTI). The high rate of Salmonella- positive urine
cultures in this study could indicate that serovar Oranienburg
has an affinity for the urinary tract. An analysis of >23,000
non-typhoidal strains of Salmonella at the California public
health laboratory found that 3.4% originated in urine, and that

A second distinguishing feature
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Environmental contamination with Salmonella is common
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the implicated farm. In a systematic review, it was found that
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One limitation of this investigation is that the prevalence of
Salmonella infection in the farm flock was not estimated. It has
been shown that the rate of egg shell contamination was higher
in flocks with high Salmonella infection prevalence [11].

This investigation underscores importance of early prospective
application of WGS in order to enhance several aspects of
outbreak investigation.
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