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Eighty-six pathogenic acrobic bacterial isolates from discased gypsy moth larvae
collected in both sparse and dense populations were characterized and identified
as members of the families Bacillaccae, Enterobacteriaceae, Lactobacillaceae,
Pscudomonadaceae, and Achromobacteraceae. The commonest pathogens wcre
Streptococcus faecalis, Bacillus cereus, Bacillus thuringtensis, Group C Enterobacter
types. and Pseudomonas spp. However, S. faecalis and B. cereus were found
operating only in the dense populations. The wide variety of potentially pathogenic
bacteria encountered mayv indicate that, under conditions of high host density,
these bacteria may contribute significantly to the population dynamics of the

gvpsy moth.

INTRODUCTION

A previous study (Campbell and Podg-
waite, 1971) undertaken to elucidate the
impaet of disease on natural populations of
the gypsy moth, Porthetria dispar, revealed
that certain bacterial isolates from discased
larvae were pathogenic to this insect. Sixty-
three of these isolates were associated with
larvac taken from dense populations while
23 were associated with sparse-population
larvae.

Recent reports (Cosenza and Lewis, 1965,
1966; Doane, 1970; Doane and Redys,
1970) have named only variants of Strep-
tococcus faecalis and Bacillus thuringiensis
as primary bacterial pathogens of this in-
scet. There have been no reports of surveys
conducted to determine what other bacterial
pathogens operate in natural populations of
this insect and/or how they may contribute
to its population dynamies. Studies were
undertaken to identify the pathogenic iso-
Jates and to determine the differences ex-
isting between the two population types in
this regard.
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METHODS

The mecthods for collecting discased lar-
ae and the subsequent isolation and path-
ogenieity testing of bacteria have heen de-
seribed (Campbell and Podgwaite, 1971).

Identification of Bacterial Pathogens

Colonial, morphological, and physiologi-
cal characteristics of the pathogenic hacte-
ria were determined, using standard bac-
teriological techniques according to *‘The
Manual of Microbiological Methods™ (So-
clety of American Bacteriologists, 1957) and
the keys of Breed et al. (1957) and Sker-
man (1967) unless otherwise indicated.

All isolates were ncubated for 18 hr on
trypticase soy agar slants (BBL) at 30°C,
gram stained, and grouped to family ae-
cording to the scheme outlined in Fig. 1.

Motility and cellular arrangement were
determined from wet mounts of 4- to 12-hr
trypticase soy broth (BBL} cultures. Motil-
ity of streptococcal isolates was determined
in streptocoecus antigen broth, which con-
sisted of the following ingredients in grams
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Fra. 1. General scheme for identifying aerobic bacterial pathogens.

per liter: Bacto beef heart, 45; proteose
peptone, 20; glucose, 4; K.-HPO,, 10; pH
7.4. Flagellar arrangement was detected ac-
cording to Leifson (1951). Endospore stains
were made by staining cells with 5% mala-
chite green and counterstaining with 1%
aqueous safranin. Crystalliferous baeilli
were determined by staining smears from
sporulating eultures by a modification of
Smirnoff’s (1962) technique, using 2% aque-
ous safranin as the counterstain.

The anaerobie fermentation of glucose
was determined in the medium of Hugh and
Leifson (1953). Oxidase activity was de-
tected with Kovac’s (1956) method.

Bacilli were identified by following the
keys of Wolf and Barker (1968) and strep-
tococel according to Sharpe et al. (1966).
For serological typing, polysaccharide ex-
tracts of streptococei were prepared from
24-hr streptococcus antigen broth cultures
by the method of Rantz and Randall (1955).
The precipitin test was performed in capil-
lary tubes, utilizing group D antisera ob-
tained from BBI. Members of the Entero-
bacteriaceae were identified by the use of
methods deseribed by Edwards and Ewing
(1962). No attempt was made to identify
species within the Pseudomonadaceae or the
Achromobacteraceae.

REsuLTs

The bacterial pathogens were found to
represent the families Bacillaceae, Lactoba-
cillaceae, Enterobacteriaceae, Pseudomona-
daceae, and Achromobacteraceae. Four iso-
lates of short, gram-positive, asporogenous
rods were unfortunately lost upon subcul-
ture and could not be identified positively.

The characteristics of 15 isolates belong-
ing to the family Bacillaceae are shown in
Table 1. Eight of these were identified as
Bacillus cereus and 7 as varieties of Bacillus
thuringiensis.

Table 2 lists the characteristics of 26
streptococcal isolates. These were the only
members of the Lactobacillaceae encoun-
tered that were pathogenie, and all were
identified as varieties of Streptococcus fae-
calis. All were «-hemolytic, grew at 10°C,
45°C, and pH 9.6, but not at 50°C, survived
at 60°C for 30 min, reduced tellurite, fer-
mented glycerol anaerobically, and wecre
serologically typed as Lancefield Group D.

Twenty pathogenic isolates were identi-
fied as members of the family Enterobacte-
riaceae. Their biochemical characteristics
are shown in Table 3. The majority of these
were Group C Enterobacter types; nonpig-
mented strains of Serratia marcescens and a
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Proteus sp. were also represented. Two
members of the group were not identified.

The remaining pathogens were all nonfer-
mentative, gram-negative rods (Table 4).
The majority of these were identified as
Pseudomonas spp.; the genus Alcaligenes
was represented by two isolates.

The distribution of bacterial pathogens
among sparse and dense population sites is
shown in Table 5. All but one of the Bacillus
isolates and all varieties of S. faecalis were
found operating only m the dense popula-
tions. About twice as many pathogenic pseu-
domonads were isolated from the sparse
population as from the dense, whereas iso-
lates of the Enterobacteriaceae were about
equally divided hetween sparse and dense
sites.

Discussion

Previous studies (Cosenza and Lewis,
1965; Doane 1970) have indicated that cer-
tain varieties of Streptococcus faecalis are

TABLE 1
CHARACTERISTICS OF GRAM-POSITIVE,
CATALASE-POSITIVE, AKROBICALLY
SPORULATING Robs

Characteristic ‘

Reaction

N T
Oval spores ! + +
Swollen sporangia - -
Vacuolation +
Parasporal inclu-

sions — +
Growth at 60°C ‘ — -
Growth at pH 6.0 ; — -
Anaerobic growth in

glucose broth + +
Acid from mannitol d —
Lecithinase + +
Number of isolates 8 7
Identification Bacillus ce- |Bactllus  thu-

reus vars. ringlensis
vars.

+ = positive reaction or charaecteristic; — =
negative reaction or characteristic; d = different
biochemical types.
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TABLE 2

CHARACTERISTICS OF 26 Streplococens
faecalis IsoLaTES

Test Reaction®

Lancefield group D
Hemolysis

Growth at 10°C
Growth at 45°C
Growth at 50°C
Survive 60°C/30 min
Growth at pH 9.6
Telurite reduction
Glycerol (anaerobic)
Litmus milk Reduced, acid
(relatin —
Pigmentation Yellow, water-insoluble
Motility
Starch
Glucose
Lactose
Trehalose
Sucrose
Maltose
Mannitol
Arabinose
Meletzitose
Melibiose
Saliein

o t et b4

+ecat+++++4 1

@ 4+ = positive reaction or characteristic; — =
negative reaction or characteristic; d = different
biochemical types.

pathogenic in natural gypsy moth popula-
tions and may be responsible for epizootics.
Results of our survey confirm the involve-
ment of this microorganism in the disease
complex of this insect—but only in dense
populations, and not in epizootic propor-
tions.

The fact that this bacterium was never
isolated from sparse-population larvae is
surprising, because it is an enteric micro-
organism; and other enterics such as Group
C Enterobacter spp. were found operating
in these populations. The absence of S. fae-
calis may reflect the absence of a particular
mammalian or avian vector of this bacte-
rium in these populations, or perhaps the
microorganism is present in these popula-
tions; but because of low host densities or
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TABLE 3

CHARACTERISTICS OF THE OXIpasu-NiEGaTIVE, NITRATE REDUCING, FERMENTATIVE,
Gram-NrgaTive Rops

Characteristic | leaction®

Indole ; — ‘ — ? _ ! + _ -
Methyl red + ‘ d 1 + + + +
Voges-Proskauer d + + — | — -
Citrate + + + + + | +
H,S I — — — — ; - _
Urease ] — - - + ’ _ _
KCN ; + + + + + +
Motility + T 1 1 _ _ _
Gelatin + ‘ + — - - -
Lysine decarboxylase -+ ’ + + l — — _
Arginine dihydrolase — | — — ! — - _
Ornithine decarboxylase + J + + — | — —
Phenylalanine deaminase — — — + I - _
Gas from glucose + — + — — ; _
Lactose d — - - + ‘ _
Sucrose + ‘ + + 4 + +
Mannitol + : + + + ; + T
Duleitol — — — — — —
Salicin -+ + + — 4 4
Adonitol d \ + — ‘ — — _
Inositol d + — — — —
Sorbitol + + — i _ 4 _
Arabinose + ‘ — + ‘ — _ —
Raffinose d ! _ — ‘ — — _
Rhamnose ‘ d — + — i _ _
Number of isolates 12 3 ‘ 1 1 \ 1 1

——— ‘ e

Group C Serralia 4‘ 5
Identification } Entero- l ’marresr*ens’ Hafniasp. ‘ Proteus sp. | Unidentified
bacter spp.‘
« 4+ = positive reaction or characteristics; — = negative reaction or characteristie; d = different
biochemical types.
TABLL 4

CHARACTERISTICS OF NONFERMENTATIVE, GRAM-NEGATIVE RODs

Characteristic Reaction®
Oxidative in Hugh’s medium + + — — + _
Cytochrome oxidase + — + + — -
Motility -+ + + + — -
Polar flagellation + + + + - —
Fluorescent pigment. + + + — _ _
Number of isolates 10 3 2 9 1 2
Identification Pseudomonas spp. Alcaligenes

Spp.

v 4 = positive reaction or characteristic; — = negative reaction or characteristic.
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TABLE 5

DISTRIBUTION OF BACTERIAL PATHOGENS AMONG SITES FROM SPARSE AND DeNsE POPULATIONS AND

PrreENT MorTanity Causep 18 Freping Trians
Pathogen Number of isolates T e
: - - - mortality
Dense sites® Sparse sites” produced
- —————— n feeding
1 2 3 1 1A D 9A trials
Bacillus cereus 4 3 1 - — — 49
Bactllus thuringiensis 3 — 3 1 —- — 16
Streplococeus faecalis 14 10 2 — — — — 71
Enterobarter Group C ) 2 1 3 1 - 30
Hafnia sp. — — 1 - — — — 10
Serralia marcescens 1 1 — — — 1 60
Proteus sp. — — —- 1 — — 10
Unidentified Knterobac-
teriaceae — — — 1 1 — — 10
Pseudomonas spp. 1 4 1 1 9 — 4 27
Alealigenes spp. 1 1 - — — — 15
Unidentified 2 1 1 — — — 20
Total 31 22 10 3 14 1 B -
Total insects examined 388 321 248 22 167 38 39 -

« >4.000 egg masses per acre.
" <25 egg masses per acre.

undetermined environmental factors, is not
likely to come into contact with the host
inscet. The virtual absence of pathogenie
Bacillus spp. in sparse population larvae
could be rationalized on the basis of low
dispersal capacity of these sporeformers,
coupled with low inseet densities.

Although a variety of bhacteria were iso-
lated and found pathogenie for early-instar
larvac, only the Bacillus spp., Serratia mar-
cescens, and varietics of S. faecalis killed a
relatively high percentage of the larvac to
which they were fed (Table 5). The other
pathogenic isolates killed, on the average,
less than 20 of the animals in the feeding
trials.

[f these microorganisms operate at such
low levels of pathogenicity in natural popu-
lations, particularly sparse populations, it
seems likely that individually they contrib-
ute little, if at all, to the population dy-
namics of this insect. On the other hand, the
fact that such a wide variety of bacteria
exist that are potentially pathogenie for this

insect leads us to believe that, under condi-
tions of high host densities, the collective
mortality caused by these bacterial species
could well contribute significantly to the
population dynamies of this insect.
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