A South Australian Salmonella Mbandaka outbreak

investigation using a database to select controls

Abstract

Between April and June 1996, 15 persons
with Salmonella enterica serovar Mbandaka
infection were reported in South Australia
(population 1.6 million) compared with 12
over the previous five years. To identify a
possible source for the infections a case
control study was conducted.
Methods: Trained interviewers asked 15
cases and 45 controls about their
consumption of 105 foods. Controls were
matched to case residential location and
age. They were selected from a previously
constructed database of 3,014 randomly
selected South Australian households.
Results: Thirteen of the 15 cases ate
‘generic’ or 'retail store’ brands of peanut
butter produced by the same factory in
another state, compared with five of the 45
controls (p<0.01). Salmonelfla Mbandaka
was isolated from three opened jars of
peanut butter from case households, and
from three unopened jars from retail outlets.
Further investigation implicated roasted
peanuts from a third Australian state as the
source of the Salmonella contamination.
Discussion: This is the first recorded
outbreak of salmonellosis resulting from the
consumption of peanut butter. The SA
outbreak investigation comprised a
matched case control study to identify
possible common food sources. Such
investigations need be conducted rapidly to
maximise public health benefits, and the
utility of selecting controls from a population
based database can improve timeliness.
(Aust N Z J Public Heaith 1998; 22: 536-9)
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almonella enterica serovar Mban-

daka (Salmonella Mbandaka) was

first identified as a cause of human
infection in Australia in 1978.! Between
1985 and 1995, there were 193 cases of Sal-
monella Mbandaka reported to health
authorities in Australia.' In South Australia
until 1994, only three cases of Salmonella
Mbandaka had been reported, all associated
with foreign travel. This situation changed
in 1995 when eight of the nine reported cases
were locally acquired. Hypothesis generat-
ing interviews conducted with these cases
were unproductive.

In 1996, the Communicable Disease Con-
trol Branch (CDCB) of South Australia iden-
tified an outbreak of Salmonella Mbandaka
infections with 15 cases reported between
April 4 and June 14. Authorities in other
Australian states had also noted an increase
in the numbers of persons reported with Sal-
monella Mbandaka infections.? As part of the
investigation of this nationwide outbreak we
conducted a case control study in South Aus-
tralia using a methodology new to Australia,
with the selection of controls from a previ-
ously constructed database. In this report we
describe the methodology and findings of
this study.

Methods

Persons with Salmonella Mbandaka in-
fection were identified from laboratory re-
ports. We defined a case as the first person
within a household with a faecal sample
yielding Salmonella Mbandaka and with
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gastrointestinal illness between April 1 and
May 30, 1996. Infections acquired overseas
were excluded.

Controls were selected from a previously
constructed database called the Social Envi-
ronmental Risk Context Information System
(*SERCIS’)* made up of 3.014 South Aus-
tralian households. SERCIS is a telephone
recruiting system that had been used for
health surveys in April and May 1996.
Households had been selected at random
from the electronic version of the telephone
directory, which incorporates 81% of South
Australian households. One adult, selected
at random, residing at these households had
participated in one of the previous health
surveys in 1996 (response rate 76%) and 95%
had consented to participate in future tele-
phone health surveys. Thus, the database was
drawn from a sample of 58% of all South
Australian households.

Three controls were matched to each case
by age and the case’s residential location.
Controls were selected from households in
the same or geographically adjacent postcode
area to the case household. Cases aged six
months to nine years were matched with con-
trols over the age of six months and within
one year of the case’s age. Cases aged 10-19
years were matched with controls within two
years, and cases greater than 20 years in age
were matched with controls within five years
of the case’s age. Controls were excluded
from participation if they had had diarrhoeal
illness, defined as three or more loose bowel
motions in one day in the months of April or
May, overseas travel in April or May, or resi-
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dence outside South Australia for more than two weeks during April
or May.

Hypothesis-generating interviews with five cases did not impli-
cate a possible common source for the infections, so a comprehen-
sive questionnaire was used in the case control study.

A structured food preference questionnaire was used to inter-
view all cases and controls. Questions focused on foods eaten dur-
ing a normal week during April or May 1996. Cases and controls
were asked which of 105 foods they ate daily, at least once weekly
or never during a normal week. Methods of cooking, freezing and
defrosting of meats were recorded, as were preferred methods of
cooking eggs. Locations of places where food was purchased, such
as retail outlets and outlets selling ready-to-eat cooked food were
also documented. Brand names of products were recorded where
possible. Medications, both prescription and over-the-counter were
recorded. Demographic characteristics such as date of birth and
address were recorded, as were details of the illness experienced by
cases.

Using the same structured questionnaire, staff of the CDCB in-
terviewed cases between June 13 and June 20. Professional health
interviewers interviewed all controls on June 23, except for one,
who was interviewed on June 26. All interviews were conducted
by telephone with the case or control, or with the primary care-
giver if the case was under 10 years of age.

Matched quadruplet analyses in Epi Info version 6.02* were used
to determine associations between foods and illness. Mantel-
Haenszel matched odds ratio (OR) with exact 95% confidence lim-
its (CI) was used to determine the level of association. Where the
matched odds ratio could not be defined, point estimates and 95%
lower confidence intervals were calculated using Stat Logic Ex-
act. 3¢

Microbiology

Human faecal specimens and food samples were submitted to
the Infectious Diseases Laboratory, Institute of Medical and Veteri-
nary Science (IMVS) in Adelaide. Samples were investigated for
the presence of Salmonella spp. using Australian Standard method
AS 1766.2.5-1991. Isolates of presumptive Salmonella spp. were
biochemically confirmed using Microbact 24E (Medvet Science)
and serotyped in the Australian Salmonella Reference Laboratory
at IMVS using Serobact typing reagents (Medvet Science).

Results

Descriptive epidemiology

By June 13, 15 cases of infection due to Salmonella Mbandaka
had been identified from faecal isolates. All were primary cases
and participated in the case control study. Seven (46%) of the cases
were female. Ages ranged from 11 months to 37 years of age, with
a median age of four years. Eleven cases were five years of age or
less. Cases were geographically widespread throughout South Aus-
tralia. Onset dates of illness ranged from April 1 to May 22 (see
Figure 1). Thirteen cases had diarrhoeal symptoms, five of these
with blood in the faeces, 11 cases had abdominal cramps and nine
had fever. Other symptoms recorded were nausea (4), vomiting (5),
flatulence (5) and anorexia (4). Duration of illness ranged from two
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Figure 1: Notifications of Salmonelia Mbandaka
infection, by week of symptom onset in South Australia,
1996.

to 38 days with a mean of 11 days. Three cases were hospitalised.

Interviews were completed with 45 controls (three controls per
case). Controls were identified from the ‘SERCIS’ database with 4-
10 possible controls matched for each case. At the conclusion of
the interviews, 53 persons had been contacted, with four excluded
due to a history of diarrhoeal iliness during the study period, and
four declined to participate. Seventeen (37%) controls were female.
Ages ranged from nine months to 40 years of age, with a median
age of four years.

Analytical epidemiology

Foods eaten by cases and controls were analysed by type, brand
name and place of purchase. The cases and controls ate nine differ-
ent brands of peanut butter, all of which were produced outside the
state. All but one were produced in the same factory. Four were
produced for retail stores and were labelled with the retail store’s
own brand. We defined these four brands as ‘generic brands’. These
‘generic brands’ were eaten by 13 of the 15 cases compared to five
of the 45 controls (p<0.01).

Two other foods — buns and hot chips — showed a statistical
association with illness (see Table 1) but, when analysed by brand
name, no association was indicated.

Microbiology

As questionnaire information became available during the case
interviews, we performed ongoing analyses of the results. We ana-
lysed by brand names and place of purchase and considered peanut
butter to be a possible source for the infection. Based on these in-
terim results, two opened jars of peanut butter were obtained from
case households prior to interviewing controls. Four similar un-
opened jars were obtained from retail outlets. All were submitted
for microbiological testing. Both opened jars and two unopened
jars contained Salmonella Mbandaka in 25 gram aliquots. One of
the unopened jars contained Salmonella Mbandaka at a level of
four organisms per gram, while the others contained less than three
organisms per gram. As a result, further jars were tested. A total of
10 opened jars and 33 unopened jars were submitted for testing.
Four of the opened jars were from households where a person had
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Table 1: Association between illness and foods eaten by cases and controls.

Case Control
(n=15) (n=45) Matched odds ratio
Food Ate Not ate Ate Not ate (95% CI7)
Peanut butter 14 1 31 14 6.5 (0.9-119.3)
— Crunchy peanut butter 4 11 11 44 14 (03-51)
- Smooth peanut butter 9 6 19 26 27 (068-11.6)
— Generic brand of peanut butter 13 2 S 40 42.4° (95%lower Cl = 6.9)
Hot chips 14 1 28 17 15.0 (1.3-525.5)
Buns 13 2 19 26 6.0 (1.4-64.4)
Notes:

{a) 95% confidence interval.
(b) Calculated using StatXact Logic Exact.® Upper 95% CI not estimable.

a positive faecal culture for SalmonellaMbandaka and three of these
(including the two previously mentioned) contained Salmonella
Mbandaka. Three unopened jars, representing two different brands
and three different batch numbers, contained Salmonella Mbandaka.

The factory producing the peanut butter was located in another
Australian state and the health officials of that state mounted an
investigation into food handling procedures in the factory. Indeed.
just prior to the laboratory confirmation of contamination by South
Australian laboratories, Victorian laboratories also demonstrated
the contamination of peanut butter with Salmonella Mbandaka.
ELISA tests on unopened samples of peanut butter held by the com-
pany supported the evidence of contamination.

Control measures

An Australia-wide recall of nine of the 10 brands of peanut but-
ter produced at the factory was voluntarily instituted on the evening
of June 23. The following day, the recall was extended to include
all brands of peanut butter produced at the factory. A total of 28
cases of Salmonella Mbandaka infection were reported in South
Australia for 1996. Only three of these had an onset date after the
national peanut butter product recall date.

Discussion

This is the first recorded outbreak of salmonellosis associated
with the consumption of peanut butter. The outbreak was detected
through surveillance of routine reports of Salmonella infections from
laboratories and medical practitioners. Normally, case interviews
would be used to implicate a source of the organism, and that hy-
pothesis would be tested in a case control study. In this instance,
we could not identify a possible source from initial case interviews,
and decided to use an extensive food preference questionnaire in
the case control study. Interim results of the food preference ques-
tionnaire led to the microbiological testing of this food not previ-
ously regarded as a likely source for Salmonella outbreaks. The
case control study also implicated a strong association between
Salmonella Mbandaka infection and the consumption of ‘generic
brands’ of peanut butter.

Case control studies are useful tools to identify common aetio-
logical factors in outbreak investigations,”® with benefits being re-
alised when timely intervention can prevent further cases.” To iden-
tify possible causes in a timely fashion, case control studies are
often instituted on the basis of small numbers of notified cases, as
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in this investigation with 15 cases. Small numbers of cases may
present problems analysing associations of foods with illness. As
such, to improve the statistical power of this study to detect asso-
ciations between foods and illness we matched three controls per
case. The matching criteria used were the age distribution and geo-
graphical residential locations of cases, as these represented unique
features of this outbreak, compared with other previous Salmonella
outbreaks. To account for these variables by stratification in an un-
matched design may have reduced the power to detect a significant
level of association.

However, the rapid selection of matched controls for studies
conducted in the field presents a difficult problem. This study dem-
onstrated the utility of selecting controls from a previously con-
structed population based database. Controls matched by residen-
tial location and age can be selected within several hours. Of the 53
persons contacted. only eight (15%) did not participate in the study.
Combined with the use of professional health interviewers, who
interviewed controls in one day, the time taken to conduct case
control studies in the field could be considerably reduced.

Control selection from a pre-defined database may have intro-
duced selection or recall bias into the case control study. These
persons had agreed to participate in future health studies and as
such may not be representative of the general population, however
the expediency with which controls were selected, and the likeli-
hood of a high participation rate, surpassed other considerations.
Other possible sources of controls were the selection of a friend of
the case, a neighbour, selection from the electoral role or selection
of persons accessed via telephone random digit dialling. From any
of these other sources we would have had no knowledge of the
representativeness of these controls.

During the investigation, interim analyses of case questionnaire
results directed the microbiological testing of peanut butter. The
case and control interviews occurred at the same time as the micro-
biological testing, so did not influence case or control recall. All of
the cases and 44 of the controls had been interviewed before the
recall of ‘generic brands’ of peanut butter was publicised. Inter-
viewers were also unaware of the possible contamination of peanut
butter at the time of interview.

Public health action may need to be taken pending the discov-
ery of confirmatory microbiological evidence.'” It was important
to continue the case control study and complete interviews with
controls, even after Salmonella Mbandaka had been demonstrated
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in two opened jars of peanut butter in another state. The recall of
peanut butter was based on positive ELISA tests of unopened sam-
ple jars held at the factory.” It was not until the day after the 44

References

National Sal la Surveillance Scheme (NSSS) human fourth quarter report
1995, Microbiological Diagnostic Unit, University of Melbourne 1996; (3): 6-
7

controls and 15 cases had been interviewed that the first positive 2. h{g S. Rouch G, Dedman R, et al. Outbreak, human salmonellosis and peanut
identification of Salmonella Mbandaka using Australian Standard butter. Communic Dis Intell 1996; 20: 326.

- srobiological methods w . o targiof t but 3. Taylor A, Wilson D, Wakefield M. Differences in health estimates using tele-
microbiological methods was made in unopened j peanyy 3 phone and door-to-door survey methods - a hypothetical exercise. Aust N Z J
ter.? Public Health 1998; 22: 223-6.

The peanut butter contamination was not prevented by the fac- 4. Dean AG, Dean JA, Coulombier D, et al. Epi Info, Version 6: A word process-
s . ; ; ing, database and staustics program for epidemiology on microcomputers. At-
tory’s quality control program and was only detected by epidemio- lanta: Centers for Disease Control and Prevention, 1994.
logical investigation of human cases reported with Salmonella 5. Schlesselman 1J. Case control studies design, conduct, analysis. New York,
; ; s - Oxford University Press.
Mbandaka infection. The Ie\fel of contamination in bOlh. opened 6. StatXact 3 for Windows. Cambridge(Mass.): Cytel Software Corporation, 1995.
and unopened peanut butter jars of less than three organisms per 7. Cowden JM, Wall PG, Adak GK, et al. Qutbreaks of foodborne infectious intes-
gram was low, but sufficient to cause infection. Low infective doses tinal disease in England and Wales: 1992 and 1993, Communic Dis Rep 1995;
. 5: R109-17.
of Salmonella in fatty foods, such as chocolate and cheese, have 8. Palmer SR. Epidemiological methods in the investigation of food poisoning
been previously reported to be associated with human salmonello- outbreaks — a review. Lett Appl Microbiol 1990; 11: 109-15.
sis.!!12 The ultimate source of the Salmonella Mbandaka was im- 9. ‘Palmet SR Ouibraak imvestigation: e weed for “quick and clean” epidemiel-

) . : ¥ ogy. Int J Epidemiol 1995, 24; S34-8.
plicated as roasted peanuts supplied by a peanut roasting factory in 10. Hennessy TW, Hedberg CW, Slutsker L, et al. A national outbreak of Salmo-
a third Australian state. This outbreak highlighted the need for qual- nella enteriditis infections from ice cream. N Engl J Med 1996; 334: 1281-6.

; 1 fash i apalysie:entical Fica 11. Gill ON, Sockett PN, Bartlett CLR, Vaille MSB. Outbreak of Salmonella napoli

ity control programs such as hazard analysis critical control points infection caused by contaminated chocolate bars. Lancer 1983: 574-7.

(HACCP)"? throughout the production process. 12. D' Aoust JY. Infective dose of Salmonella typhimurium in cheddar cheese. Am J
Even with uniform quality control programs regulating food Epidemiol 1985; 122 T1T-20.

L . q y co prog g g, 13. Mosel DAA, Struiijk CB, Jansen JT. A rationale for containment of food-trans-
manufacture, it is unlikely to guarantee the absolute prevention of mitted diseases of microbiological aetiology. Food Aust 1997; 49(5): 231-5.
food contamination. The ability to conduct foodborne outbreak in-
vestigations rapidly using only a few cases is paramount to timely
intervention and prevention of further cases. To improve timeliness
of case control studies, public health units should consider using
databases such as SERCIS to allow the rapid selection and inter-
viewing of controls.

Acknowledgments
We would like to thank the staff at CDCB, particularly Martyn
Kirk, for their assistance with this outbreak investigation. We would
like to thank the Victorian Department of Health Services Infec-
tious Disease Unit and staff at Melbourne University’s Diagnostic
Unit for their co-operation and collaboration.
1998 voL. 22 no. 5 AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH 539



