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ABSTRACT

Flies, especially houseflies, are widely recognized as potential reservoirs and vectors of foodborne Salmonella pathogens.
In this study, flies were collected at caged-layer facilities that had produced eggs that were implicated as the food vehicle in
two recent outbreaks of Salmonella Enteritidis infections. The flies were separated by species into pools for microbiological
testing. A total of 15 species pools of houseflies, Musca domestica L., and 7 species pools of bronze dump flies, Hydrotaea
aenescens (Wiedemann) (Diptera: Muscidae), were analyzed. Salmonella Enteritidis was isolated from 2 of the 15 pools of
houseflies. Other species of Salmonella were isolated from three pools of flies, including Salmonella Infantis from houseflics
and from dump flies and Salmonella Heidelberg from houseflies. Salmonella Mbandaka was isolated from a lesser mealworm,

Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae).

Within the past 10 years, eggs have emerged as a major
source of foodborne infections from Salmonella Enteritidis
(14, 15). Flies, especially houseflies (Musca domestica L.)
(Diptera: Muscidae), are proven carriers of foodborne
pathogens that affect humans (9). In the poultry industry,
the greatest numbers of houseflies and other disease-car-
rying flies occur in caged-layer houses (poultry houses with
laying hens in cages for commercial egg production), where
the flies breed in accumulated manure beneath the cages
(6). The flies that breed in layer houses are a potential res-
ervoir of pathogens, including Salmonella Enteritidis (3, 6,
8). There is no prior research, however, investigating pos-
sible links between flies and actual outbreaks of foodborne
Salmonella Enteritidis infections. This report contains the
results of microbiological analyses of flies that were cap-
tured at caged-layer house facilities whose poultry eggs
were identified as the food vehicle in two recent outbreaks
of Salmonella Enteritidis infections.

The two separate outbreaks occurred in 1998, affecting
46 and 26 people who became ill from Salmonella Enter-
itidis after eating foods that contained egg. In both cases,
epidemiological investigators identified eggs as the impli-
cated ingredient in the food vehicles for the Salmonella
Ententidis infections. The egg ingredients were traced to
specific caged-layer facilities. The U.S. Food and Drug Ad-
ministration (FDA) sent teams to the facilities to collect
environmental samples. During these investigations, flies
were collected at each facility to determine if the flies were

* Author for correspondence. Tel: 202-205-4438; Fax: 202-205-4091:
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a potential contributing factor to the spread of Salmonella
Enteritidis.

MATERIALS AND METHODS

Collection of flies. Live adult flies were collected at two
different caged-layer house facilities (facility 1 and facility 2) that
were identified as a potential source of contaminated eggs. The
houses were suspected of housing Salmonella-infected flocks of
hens whose eggs were implicated in the outbreaks of salmonel-
losis. With one exception, the flocks were caged above pits in
which manure from the layer hens was allowed to accumulate.
The exception was house A, facility 1, which was equipped with
a conveyor system for the immediate removal of manure from the
house. All the houses contained laying hens in cages that were
stacked in tiers up to ecight cages high inside the houses. Traps
were placed at various locations inside and outside each caged-
layer house. Each trap was exposed for approximately 15 min and
then aseptically placed in a separate sterile plastic container. In
addition, separate collections of flies were made at each trap site
using a hand net. The netted specimens were pinned and identified
to serve as voucher specimens for this research. The voucher spec-
imens were not used in Salmonella analyses.

Fly specimens from each glue board trap were aseptically
pooled according to species and trap. Specimens were sorted by
species using morphological characters observed at X10 to X20
magnification (7, §). Table 1 summarizes the species, number of
flies, and location of capture for each species pool from the glue
board traps.

Isolation of Salmonella from flies. The pools of fly speci-
mens were separately analyzed for the presence of Salmonella
according to the Bacteriological Analytical Manual culture meth-
od for raw flesh foods, highly contaminated foods, and animal
feeds (5). Housefly samples (less than 1 g) were pre-enriched in
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TABLE 1. Species pools of flies collected at caged-layer houses
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No. of specimens

Pool no. Fly species
1 M. domestica 4
2 M. domestica 8
3 H. aenescens 1
4 M. domestica 3
5 M. domestica 4
6 M. domestica 6
7 H. aenescens 1
8 H. aenescens 1
9 M. domestica 1
10 H. aenescens 1
11 M. domestica 5
12 H. aenescens 5
13 M. domestica 19
14 H. aenescens f
15 M. domestica 1
16 M. domestica 5
17 H. aenescens 1
18 M. domestica 2
19 M. domestica 1
20 M. domestica 6
21 M. domestica 1
22 M. domestica 2

I

10 ml of lactose broth for 24 * 2 h at 35 = 2°C. After pre-
enrichment, 1-ml aliquots were subcultured to 10-ml portions of
tetrathionate broth, and 0.1-ml aliquots were subcultured to 10-ml
portions of Rappaport-Vassiliadis medium. Tetrathionate broth and
Rappaport-Vassiliadis medium were incubated for 24 = 2 h at 43
* 0.2°C and at 42 * 0.2°C, respectively. Incubated tetrathionate
broth and Rappaport-Vassiliadis medium were streaked to bismuth
sulfite, Hektoen enteric, and xylose lysine desoxycholate agar
plates. The plates were incubated for 24 *= 2 h at 35 = 2°C.
Bismuth sulfite agar plates, without typical Salmonella colonies,
were incubated for an additional 24 * 2 h at 35 * 2°C. Pre-
sumptive positive colonies were picked to triple sugar iron and
lysine iron agar slants. The triple sugar iron and lysine iron slants
were incubated for 24 = 2 h at 35 £ 2°C. Presumptive positive
Salmonella isolates were screened biochemically with API 20E
test kits (bioMérieux, Hazelwood, Mo.). Presumptive positive iso-
lates were confirmed serologically with polyvalent A-I and Vi
somatic (O) antisera, specific somatic group (O) antisera, and
polyvalent a-z flagellar (H) antisera (Difco Laboratories, Sparks,
Md.). Salmonella isolates were sent to the FDA’s Central Labo-
ratory for Microbiological Investigations for definitive serotyping.

RESULTS AND DISCUSSION

Eighteen traps yielded 22 species pools of flies for
analysis. Fifteen pools consisted of houseflies, M. domes-

TABLE 2. Salmonella spp. isolated from pools of flies

No. of
flies Salmonella
Pool no. Fly species in pool serotype(s) isolated
2 M. domestica 8 Enteritidis and Infantis
14 H. aenescens 7 Infantis
16 M. domestica 5 Enteritidis
20 M. domestica 6 Heidelberg

Collection location

Facility 1, house A, egg conveyer
Facility 1, house A, outside rear door
Facility 1, house A, outside rear door
Facility 1, house A, inside rear door
Facility 1, house B, egg conveyer
Facility 1, house B, inside manure pit
Facility 1, house B, outside manure pit
Facility 2, house A, inside house
Facility 2, house A, outside manure pit
Facility 2, house A, outside manure pit
Facility 2, house A, outside manure pit
Facility 2, house A, outside manure pit
Facility 2, house A, in manure pit
Facility 2, house A, in manure pit
Facility 2, house B, outside rear door
Facility 2, house B, outside rear door
Facility 2, house B, outside manure pit
Facility 2, house B, in manure pit
Facility 2, house C, outside rear door
Facility 2, house C, outside rear door
Facility 2, house C, inside house
Facility 2, house C, in manure pit

tica, and seven pools consisted of bronze dump flies, Hy-
drotaea (Ophyra) aenescens (Wiedemann) (Diptera: Mus-
cidae) (Table 1). The 15 pools of M. domestica ranged from
1 to 19 adult flies per pool. The seven pools of H. aenes-
cens ranged from 1 to 7 adult flies per pool. The flies cap-
tured by netting but not used for Salmonella analysis uni-
formly consisted of a mixture of M. domestica and H.
aenescens.

Eighteen of the 22 pools of flies that were analyzed
yielded no Salmonella isolates. Four pools tested positive
for Salmonella. Salmonella Enteritidis was found in pools
2 and 16, from facilities 1 and 2, respectively. Salmonella
Infantis was also found in pool 2 (facility 1) and in pool
14 (facility 2). Salmonella Heidelberg was isolated from
pool 20 (facility 2). Table 2 summarizes the isolations of
Salmonella spp. from the pools of flies. In addition, Sal-
monella Mbandaka was isolated from a lesser mealworm
adult, Alphitobius diaperinus (Panzer) (Coleoptera: Teneb-
rionidae), from the manure pit beneath house B, facility 2.

Voucher specimens of M. domestica (four male and
four female) and H. aenescens (four male and four female)
that were collected by hand net at the sites are deposited at
the U.S. National Museum of Natural History in Washing-
ton, D.C. Additional voucher specimens are retained in the
FDA repository collection in Washington, D.C.

Flies are widely recognized as potential reservoirs and
vectors of foodborme Salmonella pathogens (2-4, 12).
Compared with other flies, M. domestica is a superior host
for Salmonella, especially Salmonella Enteritidis (11, 13).
Salmonella is transmitted by houseflies through mechanical
transmission, in vomitus, and in feces (/7). It is known that
houseflies are able to transmit Salmonella Enteritidis and
Salmonella Typhimurium to human food (70, 13).
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The role of houseflies in transmitting Salmonella to
uninfected layer hens or to fresh eggs is not clear. However,
the observed diumal dispersion patterns of houseflies in
caged-layer houses is certainly conducive to the transmis-
sion of pathogens by flies to laying hens and to any exposed
feed, water, or eggs. For example, Anderson and Poorbaugh
(1) report that houseflies are active in and around cages
until mid-morning, at which time they move to the manure
pit for feeding and ovipositing. In the afternoon, houseflies
tend to move outdoors but return in the evening to the layer
houses, where they rest in the rafters until the next morning
(1). This diurnal dispersion pattern fits the accepted FDA
behavioral profile for discase-carrying flies (12).

Our results represent the first published report of an
FDA investigation that may link houseflies to outbreaks of
Salmonella Enteritidis involving eggs as the suspected food
vehicle. This report combined with what is known about
the capabilities of houseflies to transmit Salmonella and
about the observed activity patterns of houseflies in caged-
layer houses lead us to conclude that houseflies merit con-
sideration as one of the many potential risk factors in the
prevention of foodborne Salmonella Enteritidis outbreaks
involving eggs.
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