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The Disease Complex of the Gypsy Moth 

II. Aerobic Bacterial Pathogens 
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Eighty-six pathogenic aerobic bacterial isolates from di~ea~cd gypsy moth larvae 
eollected in both sparse :md dens0 popula lions were characterized and identified 
as members of the familie~ BacillacPae. Enterobacteriaceae. Lactobacillaceae, 
Pseudomonadaceae, and Achromobacteraceae. The commonest pathogens wc·re 
Streptococcus faecal·is. Bacillus cereus, Bacillus thun:n(liensis, Group C Enterobacter 
types. and Pseudomo11as spp. However, S. faecalis and B. cereus were found 
operating only in the dense 1101mlations. The wide yariety of potentially pathogenie 
bactPria encountered ma:v indi,:atc tliat. under l'onditions of high host density, 
these bacteria ma:v contribute ~ignifi('antly to the population d:nrnmirs of the 
g~·l'sy moth. 

lNTRODl:CTION 

A preYious study ( Campbell and Podg­
,rnite, 1971) undertaken to elucidate the 
impact of disease on natural populations of 
the gypsy moth, Porthetria dispar, revealed 
that rertain baeterial ic;olates from dic;casecl 
lflryae were pathogenic to this insect. Sixty­
thrcc of these isolates were associated with 
larnw taken from dense populations while 
23 w<·re associated with sparse-populatiun 
laryae. 

Recent reports (Cosenza and Lewis, 1965, 
1966; Doane, 1970; Doane and Redys, 
1970) have named only variants of 8trep­
tococcus faecalis and Bacill?ts thu.ringiensis 
ru; primary bacterial pathogens of this in­
,wrt. There have heen no reports of surveys 
<'onducted to determine what other bacterial 
pathogens operate in natural populations of 
this insect and/or how they may contribute 
to its population dynamic8. Studies were 
undertaken to identify the pathogenic iso­
lates and to determine the differrnees ex­
isting between the two population types in 
thi,; regard. 
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METHODS 

The methods for collecting diseased lar­
Yae and the subsequent i8olation and path­
ogenicity testing of bacteria haw been de­
scribed (Campbell and Poclg,vaitl', 19711. 

ldentificcdion of Bacterial Pathor,ens 

Colonial, morphological, and physiologi­
eal characteristics of the pathogt·nic bacte­
ria were determined, using :-tanclard bac­
teriological techniques according to "The 
Manual of lHicrobiological 1kthocl:s'' (So­
ciety of American Bacteriologists, 19571 and 
the keys of Breed et al. (19571 ancl Shr­
man (1967) unless otherwitse inclicnt0d. 

All isolates w1:re incubated for 18 hr on 
trypticase soy agar slants I BBL i at 30°0, 
gram stained, and groupC"d to family ac­
cording to the scheme outlined in Fig. 1. 

Motility and cellular arrangement were 
determined from wet mounb of 4- to 12-hr 
trypticase soy broth !BBL I c·ulturC',-. 1lotil­
ity of streptococcal isolates wats determined 
in t:-trcptocoeeus autigen broth, whieh eon­
si:-ted of the following ingredient:- in grams 
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Fra. 1. General scheme for identifying aerobic bacterial pathogens. 

per liter: Bacto beef heart, 45; protease 
peptonc, 20; glucose, 4; K2HP04, 10; pH 
7.4. Flagellar arrangement was detected ac­
cording to Leif son (1951). Endospore stains 
were made bv staining cells with 5% mala­
chite green ~nd counterstaining with 1 % 
aqueous safranin. Crystalliferous bacilli 
were determined hy staining smears from 
sporulating rultures by a modification of 
Smirnoff's (1962) technique, using 2% aque­
ous safrnnin as the counterstain. 

The anaerobic fermentation of glucose 
was determined in the medium of Hugh and 
Leif son (1953). Oxidase activity was de­
tected with Kovac's (1956) method. 

Barilli were identified by following the 
keys of Wolf and Barker (1968) and strep­
to~occi according to Sharpe et al. (1966). 
For serological typing, polysaccharide ex­
tracts of streptococci were prepared from 
24-hr streptococcus antigen broth cultures 
by the method of Rantz and Randall (1955). 
The preeipitin test was performed in eapil­
larv tubes. utilizing group D antisera ob­
tai;1ed from BBL. Members of the Entero­
bacteriaceae were identified by the use of 
methods described by Edwards and Ewing 
(1962). No attempt was made to identify 
speries within the Pseudomonadaceae or the 
Achromobacteraceae. 

RESULTS 

The bacterial pathogens were found to 
represent the families Bacillaceae, Lactoba­
cillaceae, Enterobacteriaceae, P8eudomona­
daceae, and Achromobaeteraceae. Four iso­
lates of :--hort, 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 
thmingiensis. 

Table 2 lists the characteristics of 26 
streptococcal isolates. These were the only 
members of the Lactobacillaceae encoun­
tered that were pathogenic, and all were 
identified as varieties of Streptococcus f ae­
calis. All were a-hemolytic, grew at l0°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 were 
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
mcntative, gram-negative rods (Table 4). 
Tiu· majority of these were identified as 
Pseudomonas spp.; the genus AlcaUgenes 
was represented hy two isolates. 

The distribution of bacterial pathogens 
among sparse and dense population sites is 
sl10wn in Table 5. All but one of the Bac£llus 
isolates and all varieties of B. f aecalis were 
found operating only in the dense popula­
tions. About twice as many pathogenic pseu­
clomonads were isolated from the sparse 
population as from the dense, whereas iso­
lates of the Enterobacteriaceae were about 
equally divided bet,veen sparse and dense 
sites. 

D1scuss10N 

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

TABLE 1 

Cn.\lt.\CTl,HISTICS OF GRAM-POSITIVI·:, 

C.\TALASE-POSITIVE, A,:ROBICALLY 

SPORULATING RODS 

Characteristic 

Oval spores 
~wollen sporangia 
Vacuolation 
Parasporal inclu-

sions 
r irowth at 60°C 
( :rnwth at pH 6.0 
Anaerobic growth in 

glucose broth 
Arid from mannitol 
Lecithinase 

Number of iRolatcs 

Identification 

+ 

+ 

+ 
d 

+ 
8 

Heaction 

+ 

+ 

+ 

+ 

+ 

7 

!

Baril/us ce- Bac:illns . thu-
reus vars. ring·ien.,i.1 

vars. 

+ positive reaction or characteristic; 
negative reaction or charac·teristir; d different 
biochemical types. 

TABLE 2 

CHARAC'Tl'!RISTIC'S OF 26 Streplocurc1rn 
f aecalis IsoLAT,!S 

Test 

Lancefield gronp ]) 
Hemolysis 
Growth at l0°C 
Growth at 4,i°C 
Growth at ;'i0°C 
Survive 60°C/30 min 
Urowth at. pH 9.6 
Tellurite reduction 
( ;Iycerol (anaerobic) 
Litmus milk 
Uelatin 
Pigmentation 
Motility 
Starch 
Glucose 
Lactose 
Trehalose 
Sucrose 
Maltose 
Manni to! 
Arabi nose 
Meletzitose 
Melibiose 
Salicin 

Reaction" 

+ 
Cl 

+ 
+ 
d 

+ 
+ 
+ 
+ 

Heduced, acid 

Yellow, water-insoluble 
d 

+ 
d 

+ 
+ 
+ 
+ 
d 
d 
d 

+ 
a + = 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 a:;: Group 
C Enterobcicter 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 hacte­
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 

CJL\JUCTERISTICR OF THE Oxrn.\,rn-NUi.lTIVB, NITJL\TI-: REDUCING, FEH\IE;\;TATlVE, 

G1tAM-NEG.1Tn·1,; Hons 

Characteristi<· Hca<'tion'~ 

~--~~-·--- - -·------ -- ····-------

lndole + 
Methyl red + d + + + + 
Voges-Pn,;;kauer d + + 
Citrate + + + + + + 
H,;-; 
Ureas!' + 
KCN + + + + + + 
Motility + + + 
C:clat in + + 
Ly:,ine deearboxybse + + + 
Arginine dihydmlase 
Ornithine decarbox~·lase + + + 
Phcny labnine deaminase + 
Gm, from gl ncoRP + + 
Lacto;se d + 
Sucrmsc + + + + + 
Manni to! + + t + + 
Dnkitol 
Salil'in + + + + + 
Adonilol d + 
Inw, it ol d + 
Smhitol + + + 
ArabinosP + + 
HattiHoSP d 
Rharnnm;c d + 

NumlJPr of iRolatei:s 12 :) 

-------

(:ronp C 
8erralia 

I Prote11.s Rp. I Identification I Entero- Hafnia sp. l-nidentificd 
! 

bacler 
marre.w·ens 

• + positive rea.rtion or ('harncteristics; 
bioch('mirnl types. 

negative reaction or eharnctcriRtfo; d different 

TABLE 4 

CH.IH.l<''l'ElllR'l'ICR cw NoNFIO:HMEX'l'.l'l'IVJ·:, (;JLIM-NEG1T1v1·: Hons 

Characteristi(' 

Oxidative in Hugh's rnedi11m 
Cytochrome oxidase 
Motility 
Polar flagellation 
Fluore,;cent pigment 

N 11rnber of i,mla tes 

Identification 

+ 
+ 
+ 
+ 
+ 

1() 

+ 

+ 
+ 
+ 

··+ positive reiiction or charncteriRtir; -

+ 
+ 
+ 
+ 
2 

Heaction" 

Pseurlomonas spp. 

+ 
+ 
+ 

2 

+ 

negative reaction or characteristic. 

A lcaligene., 
spp. 
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TABU: :; 

DrnT1trnt·TI<>N OF B l<'TEHI.\L P.\THOGJ·::s.s .1~10:s.,; 1'ITE,; Fl{OM 1'P.\HSE .\ND 1h::s.s1·: PoprL.\TIOKR AND 

PEl{CEKT 11oHT,\LITY C.1e,;i,:n r;,; Fi,;1,:DIKCl THI.\L>S 

Pathogen Numlwr of iRolates j ('' 
I 

--- -------------- -- ------------------ ----- mortality 
J )enRe :si teR" 

- - ----------------

- ----------

IJ11ril/11s ,·1•re,1s -1 
U111·il/11., lh11 ringien.,is :3 
8trep/11('(J1·1·11s faer-alis 1-1 
Enler11/)(1!'{,.,. ( iroup (' ,l 

H11fni11 sp. 
8ermlia i}/(JJ't'PS('t'n.-:. 

l'rolr:11.s sp. 
l'nidentifiPd J,:nterohac-

teria<'('a(' 
f'·"'ll![III/IIITW,, R[l)J. 

A lmlign,e., Rpp. 
l'nidPntifiPd 2 

Total :n 
Total i n,;ccts examined :388 

., >·!.000 egg maRRes per acre. 
" <:!.-, Pgg maRRPf' per aC're. 

2 :3 

;.i I 
:.J 

10 2 

2 

-1 

'.2:2 10 
:t;l 2-18 

undetermined eirviromnental factors, is not 
likely to eome into eontaet with the host 
in,-cct. The virtual absence of pathogenic 
!Jadllui; spp. in sparse population larvae 
could be rationalized on the basis of low 
disp<·r1-al capacity of the~e sporeformers, 
coupled with low insect densities. 

Although a variety of bacteria were iso­
lated and found pathogenic for early-instar 
larva<'. only the R(u'ill11s ,.:pp., ,',erratia 11wr­
cescens, and ,·arietic:- of S. faccalis killcd a 
relatively high percentage of thP larvae to 
which they werc kc! (Table 51. The other 
pathogenic i~olates killed, on the average, 
le,.;,.: 1 han 2oc·; of the animals in the feeding 
triab. 

If thv:,:e microorganisms operate at such 
low leYelR of pathogenicity in natural popu­
lation", particularly sparse populations, it 
semm: likely that individually tlwy contrib­
utc littlP, if at all, to the population dy­
namics of thi:,: insect. On the other hand, the 
fact that :such a widP Yariety of hartl'ria 
C'Xit't t.hat are potmtiall)' pathogenic for thi~ 

-

:-4parsc si tC'R 1' produced 
-------~--·- in feeding 

-!A ,) \IA trial,; 

-1\J 
-16 
71 

:.i :m 
10 
(i() 

10 

10 
\) -1 '27 

1:; 

20 
;3 1-! ,) 

:22 167 :3s :rn 

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 dynamics of this insect. 
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