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INTRODUCTION

Homarus americanus and H. gammarus comprise
the homarid lobster industry which is based largely on
trade in living animals; consequently, threats to their
well-being during periods of captivity (days to
months) are extremely important. In particular, these
lobster species are highly susceptible to the free-
living, Gram-positive, tetrad-forming coccus Aero-
coccus viridans (var.) homari (previously Gaffkya
homari), which causes the overwhelming systemic in-
fection gaffkemia. Reviews of this disease include
those by Stewart & Rabin (1970), Fisher et al. (1978),
Sparks (1981), Stewart (1984, 1993), Sindermann &
Lightner (1988), Sindermann (1990) among others.

The pathogen Aerococcus viridans (var.) homari is
not invasive. Furthermore it is not transmitted orally as

the lobster gastric fluid is lethal for the pathogen.
Infection occurs only when the otherwise highly effec-
tive integument is breached in the presence of this
bacterium (Stewart et al. 1969). Thus, protection
against infection can be achieved through careful
handling of the lobsters. Unfortunately, ordinary com-
mercial practices cause many breaks and ruptures in
the shell, thereby creating portals of entry. Upon entry,
the pathogen can overcome all of the lobster’s normal
internal defences. Thus infection by a virulent strain of
the pathogen invariably results in death of the animal.
Epizootics occur periodically in holding units, resulting
in serious economic losses within the industry.

Investigation of the efficacy of various antibiotics in
overcoming infections showed that vancomycin was
the most effective, but even then, only when adminis-
tered in the very early stages of the infection (Stewart
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& Arie 1974). This study indicated that a combination
of vancomycin and moderate numbers of live pathogen
in vivo might induce a degree of resistance above that
provided by the antibiotic alone. Further investigation
showed that such a combination was effective in
inducing a high level of resistance to Aerococcus viri-
dans (var.) homari (Stewart & Zwicker 1974a). Subse-
quent studies by Rittenburg (1981) illustrated that it
was possible to approach these resistance levels in lob-
sters by utilizing a vaccine in which the pathogen had
been exposed to vancomycin in vitro and then killed
by ultraviolet irradiation or formolization prior to injec-
tion of the vaccine. Later, Keith et al. (1992) reported a
significant, but lower, level of protection against A.
viridans (var.) homari induced by a formalin-killed
vaccine prepared without the use of vancomycin.
Given the nature of the vancomycin interaction with
bacteria, Stewart & Zwicker (1974a) and Rittenburg
(1981) speculated that the combination of vancomycin
with bacterial cell wall components during their forma-
tion resulted in the accumulation of precursor muco-
peptides that might act as immunogen(s) effective in
inducing the resistance to the pathogen.

The present study was conducted in an attempt to
induce in the lobster Homarus americanus a level of
protection against Aerococcus viridans (var.) homari
comparable to that achieved by a combination of van-
comycin and the pathogen, but without using van-
comycin. We also wanted to acquire information on the
nature of the immunogen(s) involved.

A wide variety of vaccines were prepared and
injected into lobsters to attempt to protect them against
standard challenges with the pathogen. Some vaccines
were based upon the belief that the effectiveness of
the vancomycin/pathogen combinations resulted from
blocking the formation of wall-bound peptidoglycans
and hence led to a build-up of precursor mucopep-
tides. Other vaccines involved different methods of
preparing the bacterin.

MATERIALS AND METHODS

Lobsters. Freshly captured lobsters of both sexes
(average wt 500 ± 25 g) caught in late fall-early winter
and in the spring were obtained directly from fisher-
men in Nova Scotia, Canada. The chelae were immobi-
lized with heavy rubber bands and the lobsters were
held in tanks supplied with running, filtered seawater
at ambient temperatures ranging from 1 to 12°C
depending upon season. All experimental work was
carried out in tanks of re-circulating, filtered seawater
at 15 ± 0.5°C after the lobsters had been acclimated to
this temperature for around 2 wk, the lobsters were fed
prior to, but not during, the actual challenge trials.

Individual shelters were provided in all tanks to pro-
tect the lobsters during holding periods and experi-
mental work. Prior to the initiation of the experiments,
all lobsters involved were examined by culture meth-
ods and hemolymph smears (Stewart et al. 1966)
and/or an indirect fluorescent antibody technique spe-
cific for Aerococcus viridans (var.) homari (Marks et al.
1992) to ensure that they were not already infected
with A. viridans (var.) homari.

Aerococcus viridans (var.) homari. The strain of this
bacterium used throughout the study was donated by
Dr. H. Rabin, Department of Pathobiology, The John
Hopkins University, Baltimore, MD, USA. Its virulence
was maintained by serial passage through lobsters
held at 15°C (Cornick & Stewart 1968). For experimen-
tal infection purposes, 0.2 ml of hemolymph were
removed from a lobster infected with Rabin’s strain
and transferred to 50 ml trypticase soy broth (TSB)
(Baltimore Biological Laboratories). It was grown at
28°C in static cultures for 18 to 24 h, harvested and
washed 3 times with sterile 3% NaCl solution and
standardized to different concentrations at 420 nm; the
number of colony forming units (CFU) were confirmed
using trypticase soy agar (TSA) with the drop plate
count method of Miles & Misra (1938).

Vaccines. Preparation of trial vaccines included
growth of the pathogen with concentrations of up to
2% glycine in attempts to capitalize on the findings of
Hammes (1978) to produce a pool of precursor
mucopeptides. Treatment of cells in various ways
included (1) formolization and (2) cells extracted with
2% sodium dodecyl sulphate and then dialysed
against 3% NaCl, lyophilized and used later as a vac-
cine. A French Press treatment was also used in which
a bacterial suspension (2 × 107 bacteria ml–1 washed
twice with 3% NaCl) was subjected to 2 passes in a
French Press (one at 27 000 and the other at 34 000 psi);
the resultant material was divided by centrifugation
into a supernatant solution and a precipitate. Both the
supernatant solution and precipitate were used as vac-
cines after being returned to the volume of the original
suspension. The resuspended precipitate and the
supernatant solution were injected after being dial-
ysed against 3% NaCl; in a second experiment the set
was injected without being dialysed.

Heat-killed vaccine (HKV). Eighteen to 24 h TSB
cultures of Aerococcus viridans (var.) homari with its
virulence maintained as described above were har-
vested by centrifugation (25 000 × g for 10 min at 4°C),
washed twice with 3% NaCl solution and standardized
at 420 nm in a 3% saline suspension containing for
most trials approximately 2 × 107 cells ml–1; the number
of CFU was confirmed by TSA plate counts. The sus-
pension was steam sterilized in a standard autoclave
(121°C at 15 psi for 15 min); the sterility of the cooled
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suspension was confirmed in triplicate by lack of
growth in TSB. The entire sterile bacterial suspension
was used for vaccination by injecting 1 ml vaccine kg–1

lobster body weight (wt) via the ventral abdominal
sinus. Parallel sets of control lobsters were injected
with 1 ml kg–1 body wt of a sterile 3% NaCl solution
instead of the vaccine and exposed to the same condi-
tions as the experimental animals for the full period of
the trial. The external surfaces of the injection area
were swabbed with 70% ethanol before and after
injection.

Challenges. For challenges of groups of lobsters,
each group was held in a separate tank. The bacteria
were injected into the ventral abdominal sinus of indi-
vidual lobsters and the lobsters were examined several
times daily. Lobsters that died in these trials were
removed and examined by hemolymph smears and/or
culture methods to determine the cause of death. Only
dead lobsters shown to be heavily infected with the
pathogen were used to calculate the mean time to
death (MTD) in days. 

Capsules. Slides made from bacterial cultures pre-
pared using standard blood smear procedures were
air-dried, heat-fixed and stained by a procedure for
polysaccharide staining adapted from McKinney
(1953). Briefly, 1 g Alcian Blue 8GX (about 1300 mol
wt) (Sigma Aldrich Canada) in 100 ml 95% ethanol
was used as the stock solution. Just prior to staining,
1 part Alcian Blue stock solution was added to 9 parts
distilled water and applied to the slide for 2 min and
then washed off with distilled water. The slides were
then counterstained for 25 s with 1% aqueous neutral
red, washed with distilled water, blotted dry with bibu-
lous paper, air-dried for 30 min and then examined
microscopically using an oil immersion objective (mag-
nification × 1000). The bacteria growing normally in
TSB stained red; the surrounding capsules stained
blue. 

Phagocytosis. Phagocytosis by lobster hemocytes
was determined using the protocols as described by
Paterson & Stewart (1974) using glutaraldehyde/
formalin fixed preparations. Total hemocyte numbers
were determined electronically for individual lobsters
using a particle counter (Model B, Coulter Electronics)
following the procedure of Stewart et al. (1967).

Sterile lobster hemolymph serum. Based on the pro-
cedure of Lauffer & Swaby (1955), hemolymph drawn
from the ventral abdominal sinus was allowed to form
a non-retracting, firm, hard clot. The clot was broken
up with a stirring rod and centrifuged at 2000 × g for
20 min; the supernatant fluid was passed through
coarse filter paper at 5°C and then sterilized by mem-
brane filtration (0.22 µm pore size) and stored at 4°C
for use within 7 d for agglutination trials (Cornick &
Stewart 1968, 1973). For use in the phagocytosis study,

the fluid was filtered through a 0.45 µm pore size
membrane filter and frozen.

Agglutination. Standard tube agglutination tests
employing serial 2-fold dilutions were performed with
freshly prepared lobster hemolymph serum. Rabin’s
strain of Aerococcus viridans (var.) homari grown at
28°C in TSB as specified was harvested and washed
twice with 3% NaCl solution using centrifugation at
15 000 × g at 4°C and suspended in 3% NaCl to corre-
spond with the McFarland turbidity scale 2 (Kabat &
Mayer 1961). The tubes were incubated at 25°C for
24 h to determine the titre. Agglutination titres are
reported as reciprocals of the dilutions.

Experiments. As initial tests using the heat-killed
vaccine and a post-vaccination induction period of 7 d
(Stewart & Zwicker (1974a) showed promise, a further
series of trials was conducted. The HKV was tested in
detail in challenges to measure its capacity to protect
against the pathogen Aerococcus viridans (var.)
homari in late fall-winter caught lobsters (lobsters not
yet fully recovered from ecdysis) versus spring-caught
lobsters (i.e. lobsters with shells of maximum hardness,
fully muscled and with higher concentrations of
hemolymph constituents such as proteins and hemo-
cytes among others). This was followed by trials to
determine what changes in protection might occur
during a 30 d post-vaccination period. In addition, tri-
als were run to determine the concentration of bacter-
ial particles in the vaccines that gave the best results.

Subsequent to these trials, 16 lobsters were used to
determine whether resistance to infection induced by
the HKV was paralleled by increases in the phagocytic
capacity of the circulating hemocytes. Phagocytosis of
virulent Aerococcus viridans (var.) homari cells by
hemocytes of 8 vaccinated lobsters (given an HKV of
2 × 107 bacterial particles ml–1) was compared with that
exhibited by hemocytes from 8 control lobsters
injected with a sterile 3% NaCl solution at the same
amount (1 ml kg–1 host body wt). These sets of mea-
surements were made on 4 lobsters per sampling time,
thereby alternating with the other 4 lobsters in the
group to minimize the stress of handling. These
measurements were made at 5 sampling times in the
pre-challenge period and 3 sampling times in the post-
challenge period.

As a final step, suspensions of bacterial particles
from the HKV preparation, a vaccine prepared follow-
ing Rittenburg’s (1981) procedure (i.e. growth of the
pathogen in TSB in the presence of vancomycin) and
an untreated TSB pathogen culture were subjected to
capsule staining and agglutination by lobster hemo-
lymph serum. All 3 of these bacterial or bacterial parti-
cle suspensions were prepared from TSB cultures
initiated by subculture from the same culture of Aero-
coccus viridans (var.) homari; all grown at 28°C. The
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HKV was prepared from the 18 h culture as described
earlier. The Rittenburg vaccine version was produced
following the procedure of Rittenburg (1981) i.e. by
tracking the turbidity produced by the pathogen grow-
ing in TSB; at the point where it just became visible, a
growth inhibiting dose of 1 ml of an 84 µg ml–1 van-
comycin hydrochloride hydrate (Aldrich) in distilled
water was added to each of the 40 ml TSB culture
flasks and incubation was continued for another 12 h.

All 3 cultures were harvested at the 18 h growth
period by centrifugation (28 000 × g for 10 min at 4°C)
washed twice with 3% NaCl and resuspended in 3%
NaCl at 0.7 optical density (1 cm light path; 550 nm).
The suspensions intended for the HKV were then run
through a standard autoclave cycle, i.e. 121°C at
15 psi for 15 min. All 3 suspensions were then stained
using the capsule stain of McKinney (1953) and the
agglutination titres were measured in quadruplicate
against 2 different preparations of lobster hemolymph
serum.

RESULTS

As the data in Table 1 indicate, the HKV was effec-
tive in protecting 70 to 80% of the vaccinated lobsters
challenged after a 7 d induction period and 60% of the
survivors from Group A were still resistant 26 d after
the first challenge as shown by exposure to a second
challenge.

When this initial trial was followed by a titration
challenge ranging from 2 × 102 to 2 × 105 pathogen kg–1

body wt using late fall-winter caught lobsters (Table 2)

and an identical challenge against spring caught lob-
sters (Table 3), the results suggested that the spring
caught lobsters developed a higher degree of resis-
tance. This protection against a challenge of 2 × 103

persisted at the 60 to 70% relative percent survival
(RPS) level for up to 30 d post-vaccination, peaking
apparently around 11 d following vaccination, as
shown in Table 4. Although the differences are not
great it would appear from the results in Table 1 and
Table 5 that more protection is offered by the higher
vaccine concentrations, with values between 2 and 5 ×
107 particles kg–1 body wt being most effective.

Table 6 indicates that the phagocytic capacity of
circulating hemocytes did increase in parallel with the
resistance to the infection. The post-challenged lob-
sters exhibited the greatest increase in the significant
percentage of hemocytes showing phagocytosis, to an
average value of 1.23% for all 8 vaccinated lobsters
(p < 0.01). As hemocytes of only 3 of the 8 vaccinated
lobsters showed an increase, this value would exceed
3% of the hemocytes in the 3 lobsters showing
increased phagocytosis and also increased resistance
to infection. This represents a greater than 6-fold
increase in the number of hemocytes showing in-
creased phagocytic capacity compared with the values
for the post-challenged unvaccinated lobsters. Ritten-
burg (1981) also observed a substantial increase in
phagocytic capacity of the hemocytes among lobsters
receiving his vaccine

The capsule staining showed that the washed, but
otherwise untreated, bacteria exhibited the expected
characteristics; the cells in tetrads, pairs and singles
stained red and the substantial surrounding capsule

200

No. of Vaccine (2 × 107 Challengea Survivors (no. Observation MTD for
lobsters bacterial particles kg–1 (no. of gaffkemia free in period post- gaffkemic

host body wt) pathogens kg–1 post-challenge challenge (d) control lobsters
host body wt) observation period) (d ± SE)

Group A 10 Controlc 2.4 ×103 0 26 6.4 ± 0.8
(1 ml sterile 3% NaCl kg–1

host body wt)

10 Vaccinated 2.4 ×103 8 26

Group Bb 10 Controlc 2.4 ×103 0 34 8.5 ± 1.4
(1 ml sterile 3% NaCl kg–1

host body wt)

10 Vaccinated 2.4 ×103 7 34
The 8 survivors from 0 2.4 ×103 5 60 d following
Group A challenged 2nd challenge

again on Day 26
aInitial challenge 7 d post-vaccination
bAll 3 sets of lobsters challenged at the same time
cIn place of the vaccine

Table 1. Initial trials with heat-killed Aerococcus viridans (var.) homari vaccine. MTD: mean time to death
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stained blue, with the intervening material in the
tetrad staining blue to bluish green. In contrast, the
bacteria grown in the presence of vancomycin pre-
sented a blotchy appearance, i.e. the capsular zones
surrounding the bacteria were ragged, but stained
blue as did portions of the bacterial bodies. Some
irregular portions of the bacterial bodies stained dark
blue and other portions were stained red. The bacterial
particles from the HKV carried this alteration in stain-
ing a step further. The morphology of tetrads, pairs and
singles remained the same. However, the capsules
could not be distinguished since the entire cell, includ-
ing the capsule and bacterial body, was stained dark
blue throughout. Even prolonged treatment with the
counter-stain, neutral red, did not result in staining any

part of the cell red. When only neutral red was applied,
the cells took up the red stain. Obviously, a major
change in the permeability of the bacterial cells
occurred when they were grown in the presence of
vancomycin and more so when the suspensions of
normal growth cells were autoclaved.

That the bacteria were changed by these treatments
was confirmed by the agglutination tests. The un-
treated or normal Aerococcus viridans (var.) homari
suspensions showed no agglutination reaction in 2
separate quadruplicate trials with 2 separate lobster
sera; in the same trials, the vancomycin-treated
pathogen had an agglutination titre of 8 while in one
quadruplicate trial the autoclaved or HKV cells gave
titres of 2 and in the other trial a titre of 4.
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Table 2. Sixty day trials with heat-killed vaccine on lobsters caught in late fall-winter. Calculated LD50: 3.2 × 103

No. of Vaccine (2 × 107 Challenge (no. of pathogens Survivors (no. gaffkemia MTD for
lobsters bacterial particles kg–1 kg–1 host body wt injected free in post-challenge gaffkemic control

host body wt) 7 d post-vaccination) observation period) lobsters (d ± SE)

10 Controla 2 × 102 0 10.7 ± 1.6
(1 ml sterile 3% 

NaCl kg–1 host body wt)
10 “ 2 × 103 0 10.3 ± 1.5
10 “ 2 × 104 0 8.9 ± 1.4
10 “ 2 × 105 0 8.4 ± 1.3

RPS
10 Vaccinated 2 × 102 100 100
10 “ 2 × 103 8 80
10 “ 2 × 104 7 70
10 “ 2 × 105 0 0
aIn place of the vaccine

Table 3. Sixty day trials with heat-killed vaccine on lobsters caught in spring. Calculated LD50: 1.9 × 104

No. of Vaccine (2 × 107 Challenge (no. of pathogens Survivors (no. gaffkemia MTD for
lobsters bacterial particles kg–1 kg–1 host body wt injected free in post-challenge gaffkemic control

host body wt) 7 d post-vaccination) observation period) lobsters (d ± SE)

10 Controla 2 × 102 0 10.8 ± 1.3
(1 ml 3% sterile NaCl kg–1

host body wt)
10 “ 2 × 103 0 10.6 ± 1.4
10 “ 2 × 104 0 10.3 ± 1.6
10 “ 2 × 105 0 10.6 ± 1.2

RPSb

10 Vaccinated 2 × 102 100 100
10 “ 2 × 103 6 60
10 “ 2 × 104 4 40
10 “ 2 × 105 0 0
aIn place of the vaccine
b

 
Relative percent survival = 1–

% specific mortalities in vaccinates
% specific mortalities in controls





 ×100
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Many of the extensive trials with the other vaccines
mentioned earlier as being under examination ex-
tended the times of the MTDs and some produced RPS
values of 10 to 20% and in one instance (with an
in vivo grown formolized pathogen version) an RPS of
40%. None of these vaccines was judged effective
enough to pursue further development. The results
from the French Press work, however, could be of
importance in further research on the development of
vaccines. The French Press preparations proved to be
deleterious in that the lobsters injected with these

products died one by one before completion of the 7 d
post-vaccination induction period.

DISCUSSION

Stewart & Zwicker (1974a) showed that the Ameri-
can lobster developed a high degree of resistance to
virulent Aerococcus viridans (var.) homari following
injection with an appropriate immunogen(s). Their
opinion that the range of materials inducing resistance
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Group A Vaccine (2 × 107 Challengeb Survivors (no. gaffkemia MTD for 
No. of bacterial particles kg–1 (d post-vaccination) free in post-challenge gaffkemic lobsters
lobsters host body wt) observation period) (d ± SE)

10 Controla 0 0 7.4 ± 0.3
(1 ml sterile 3%

NaCl kg–1 host body wt)

10 Vaccinated 2 0 16.6 ± 1.3
10 “ 4 2 17.6 ± 2.0
10 “ 6 4 14.8 ± 1.2
10 “ 8 6 15.8 ± 2.8

Group B Vaccine (5 × 107 Challengeb Survivors (no. gaffkemia MTD for 
No. of bacterial particles kg–1 (d post-vaccination) free in post-challenge gaffkemic lobsters 
lobsters host body wt) observation period) (d ± SE)

10 Controla 14 0 9.4 ± 1.7
(1 ml sterile 3% 

NaCl kg–1 host body wt)

10 Vaccinated 9 5 12.6 ± 3.7
10 “ 11 9
10 “ 13 7 21 ± 4.0
10 “ 20 5 25.4 ± 4.8
10 “ 30 6 15 ± 3.7
aIn place of vaccine
b2 × 103 pathogen kg–1 host body wt

Table 4. Determination of protection in post-vaccination period of winter caught lobsters. Observation periods: Group A, 41 d 
post-challenge; Group B, 65 d post-challenge

No. of Vaccine (no. of Challenge (2 × 103 pathogen Survivors (no. gaffkemia MTD for
lobsters bacteria particles kg–1 kg–1 host body wt free in post-challenge gaffkemic lobsters

host body wt) injected 7 d post-vaccination) observation period) (d ± SE)

10 Controla + 0 9.3 ± 1.3
(1 ml sterile 3% 

NaCl kg–1 host body wt)

Vaccinated
10 1 × 106 + 3 14.3 ± 2.3
10 5 × 106 + 2 19.3 ± 1.4
10 1 × 107 + 4 20.9 ± 2.5
10 5 × 107 + 6 21.1 ± 4.0
10 1 × 108 + 4 20.4 ± 3.2
aIn place of vaccine

Table 5. Effect on protection of varying particle numbers with heat-killed vaccines on winter caught lobsters. Observation period: 
34 d post-challenge
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or a form of immunity in lobsters is probably quite
limited tends to be confirmed by the investigations of
Rittenburg (1981), and Keith et al. (1992) as well as
with the results presented in this paper.

Our results illustrate that the immunogen(s), pro-
duced by steam sterilization of the late log phase cells
of Aerococcus viridans (var.) homari, produce a high
degree of protection, ranging from an LD50 of 3.2 × 103

to 1.9 × 104, comparable to that induced by the vaccine
reported by Rittenburg (1981). The advantage of the
steam sterilized vaccine or HKV includes its simplicity
of preparation and elimination of vancomycin to pro-
duce an effective immunogen either in vivo (Stewart &
Zwicker 1974a) or during in vitro growth (Rittenburg
1981). Neither the HKV nor the Rittenburg (1981)
vaccine, however, appear to be as effective as the
immunogen(s) produced in vivo by the vancomycin-
live pathogen combination, which resulted in an LD50

of 2 × 107 live pathogen kg–1 body wt (Stewart &
Zwicker 1974a). 

It would appear that the original speculation by
Stewart & Zwicker (1974a) and Rittenburg (1981) that
the immunogen(s) were a result of the interference of
the  formation of wall-bound peptidoglycans by the an-
tibiotic vancomycin was incorrect. Additional evidence
for this includes our failure to produce an effective vac-
cine by using 2% glycine as a substitute for van-
comycin in the late log phase of growth to block wall-
bound peptidoglycan formation in the pathogen and
produce a pool of precursor mucopeptides (Hammes
1978); the vaccines produced in this manner were not
successful in inducing resistance. These results, along
with those of Keith et al. (1992), suggest that the re-
quired immunogen(s) apparently are inherent ele-
ments of normal Aerococcus viridans (var.) homari.

The similarities between the HKV and the vaccine
prepared by Rittenburg (1981) included virtually iden-

tical levels of protection and increased phagocytosis,
an element that is probably an integral part of the
development of resistance to infection. More critically,
the procedures used to prepare the 2 vaccines also
resulted in turning previously virulent agglutinin-
resistant strains into products that were agglutinated
by lobster hemolymph serum; the agglutination titre
was somewhat higher against the Rittenburg vaccine
than it was for the HKV.

Stewart (1984) and Stewart et al. (2004) showed a
correlation between encapsulation and virulence.
Apparently, the presence of a complete capsule pre-
vents the agglutination of the virulent strain. Thus it
would appear that for a vaccine to be successful it
should have the capsule altered in such a manner that
the lobster hemolymph factors are not blocked from
reacting to a significant extent with immunogen(s) in
the bacterial body.

The capsule staining reactions of the bacterial particles
in the 2 vaccines, although somewhat different, along
with the agglutination results indicate that the capsular
layer has been altered and that a major change has oc-
curred in cell permeability. The Alcian Blue molecule is
large (about 1300 mol wt) and is excluded by untreated
normal bacterial cells; upon growth in the presence of
vancomycin or upon steam sterilization the permeability
of the bacterial cell was altered sufficiently to permit en-
try of this dye. These data suggest that the immu-
nogen(s) could be intact bacterial cell walls or possibly
other constituents of the cells now exposed by treatment
with vancomycin or heat. 

The results here and in those reported by Keith et al.
(1992) also suggest that the concentration of the appro-
priate immunogen(s) is a critical factor in developing
the varying degrees of resistance to infection. The
deleterious effects of the cell fragments and soluble
cell constituents released by French Press treatment
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Total Percent hemocytes Lobsters number Lobsters number MTD for 
hemocytes showing showing increased surviving >60 d non-survivors

(mm3)–1 ± SE phagocytosisa ± SE phagocytosis post-challengeb (d ± SE)

8 control lobsters
Pre-challenge 20 606 ± 417 0.21 ± 0.04 0 – –
Post-challenge 18 824 ± 267 0.47 ± 0.05 0/8 0/8 9.1 ± 2.1

8 vaccinated lobsters
Pre-challenge 23 347 ± 253 0.58 ± 0.05 3/8 – –
Post-challenge 18 200 ± 209 1.23 ± 0.09 3/8 3/8 18.2 ± 10.2
aBased on examination of a minimum of 8000 cells for each category in the pre-challenge period and 4800 cells for each 
1category in the post-challenge period
bChallenge: 2 × 102 pathogen kg–1 host body wt

Table 6. Effect of heat-killed vaccine on phagocytosis of virulent Aerococcus viridans (var.) homari cells. Average values for all
lobsters measured alternately, 4 per sampling time: 5 sampling times pre-challenge: 4 h, 1, 2, 4 and 7 d and 3 sampling times

post-challenge: 1, 2 and 4 d
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add weight to the suggestion that the immunogen(s)
are part of intact bacterial cells.

The presence of a well-developed intact capsule has
been shown to be a feature in determining the viru-
lence of this pathogen (Stewart 1984, Stewart et al.
2004). As our current results suggest that impairment
of the capsule was necessary for the effectiveness of
the vaccine, a question arises concerning the avirulent
strains of this pathogen. These lack a capsule or pos-
sess only trace amounts of the capsular polysaccharide
and thus would be expected to form effective vaccines
if their immunogenic formula and concentration were
equivalent to that of the virulent strains. Although vac-
cines prepared from avirulent strains of Aerococcus
viridans (var.) homari have resulted in increased resis-
tance as indicated by extensions of the MTD, they did
not offer complete protection under the conditions
applied in those trials (Stewart & Zwicker 1974b). If the
information gained subsequently with virulent strains
was applied to avirulent strains, i.e. comparable con-
centrations of the bacterial particles, with longer
induction periods and lower dose challenges, would
the results of those vaccinations be comparable to
those gained with the HKV?
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