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SUMMARY Gardnerella vaginalis was ingested and killed by neutrophils in the presence of normal
human serum. Heat inactivation of the serum inhibited these processes. The opsonisation of some
but not all G vaginalis strains was enhanced by immune rabbit serum. Immune serum did not,
however, enhance intracellular killing. Blockade of the classical pathway of complement activa-
tion had no effect on the opsonic activity of human serum. These results suggest that the opson-
isation, phagocytosis, and killing of G vaginalis by human serum and neutrophils is primarily
mediated by complement activated by the alternative pathway. Serum without neutrophils has
little effect on the viability of G vaginalis.

Gardnerella vaginalis is closely associated with bac-
terial vaginosis,' which is a superficial infection of
the vaginal mucosa. Occasionally, G vaginalis causes
invasive disease such as endometritis, amnionitis,
and bacteraemia.23 Recently, it has been implicated
as a possible cause of preterm labour and other
complications of pregnancy.4 Although some work
has been done on the adherence of G vaginalis to
cells,5-7 other aspects of its interaction with host
defences have not been investigated.
We report here some preliminary studies on the

opsonisation and phagocytosis of G vaginalis and its
killing by human neutrophils, as phagocytosis is
likely to be the main defence against invasive gard-
nerella infections.

Material and methods

BACTERIA
G vaginalis NCTC 10915 and four clinical isolates,
strains 33, 35, 36, and 39, were used. Isolates were
identified as previously described.8 G vaginalis was
grown in 7% C2 either in peptone starch dextrose
broth supplemented with 10% (vol/vol) horse serum
or on bilayer Columbia agar plates, the upper layer
being supplemented with 5% (vol/vol) time expired
human blood.

OPSONISATION
For chemiluminescence and phagocytosis experi-
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ments a washed 48 h culture of G vaginalis was
incubated for 30 min at 37°C in Hank's balanced salt
solution (HBSS), pH 7.3, buffered with 25 mM
HEPES, to which had been added one of the follow-
ing: 10% pooled human serum; 10% normal human
serum heated for 30 min at 56°C; 10% human
serum chelated with magnesium sulphate and
ethylene glycol tetraacetate; or 5% normal human
serum plus 5% immune rabbit serum raised against
G vaginalis.

Bacteria were then washed and resuspended to
the required concentration in HBSS.

PHAGOCYTOSIS
This was measured either by a simple microscopical
assay or by luminol dependent chemiluminescence.
Human neutrophils were separated from venous
blood by dextran sedimentation and residual red
cells were lysed by treatment wth 0-83% Tris buf-
fered ammonium chloride.9 After a wash, neu-
trophils were counted and resuspended to a concen-
tration of 106 cells/ml in HBSS without phenol red.
For microscopical assays bacteria and cells were

incubated at a ratio of 5:1 for 15 min at 37°C.
Smears were then prepared using a cytospin cen-
trifuge (Shandon) and stained with Giemsa. The
number of neutrophils with ingested bacteria was
then counted.
For luminol dependent chemiluminescence a bac-

terial cell ratio of about 100:1 was used. Luminol
was dissolved in dimethyl-sulfoxide and diluted to a
final concentration of 2 x 10-5 mol/l. Luminescence
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Table 1 Opsonisation of Gardnerella vaginalis strains measured by microscopical assay and by luminol dependent
chemiluminescence (CL)

Opsonin source Opsonisation ofG vaginalis strain

Strain 10915 Strain 33 Strain 35 Strain 36

% Phagocytosis CL (mV) % Phagocytosis CL (mV) % Phagocytosis CL (mV) % Phagocytosis CL (mV)

Unopsonised 31 51 36 36 28 10 42 24
10% normal human serum 72 222 76 74 59 44 90 225
10% normal human serum
heated at 56°C for
30 min 33 60 35 32 29 19 40 59

10% human serum
chelated with magnesium
sulphate and ethylene
glycol tetraacetate 69 214 72 74 61 33 88 207

5% normal human serum
plus 5% immune rabbit
serum 92 306 74 85 82 78 92 208

Table 2 Opsonisation offour strains of Gardnerella vaginalis by normal human serum and three hyperimmune rabbit
antisera

Opsonin source Opsonisation ofG vaginalis strains

Strain 10915 Strain 35 Strain 36 Strain 39

% Phagocytosis CL (mV) % Phagocytosis CL (mV) % Phagocytosis CL (mV) % Phagocytosis CL (mV)

Normal human serum 71 141 85 41 100 128 86 103
Normal human serum plus
immune rabbit
serum-167 91 176 92 65 100 131 97 111

Normal human serum plus
immune rabbit
serum-166 73 130 89 58 100 175 90 97

Normal human serum plus
immune rabbit
serum-167 65 124 82 28 100 133 82 76

Table 3 Killing ofGardnerella vaginalis strains 10915 and 39 by normal human serum, immune rabbitserum, and human
neutrophils

Serum Neutrophils % Bacterial survival

Strain 10915 Strain 39

T45 T90 T4, T90
+ 81 42 133 107

Normal human serum + 18 6 38 12
Normal human serum heated to
56°C for 30 min + 60 34 110 113

Normal human serum - 93 59 147 123
Immune rabbit serum + 22 11 48 26
Immune rabbit serum - 86 71 100 133

T45 = 45 min incubation; T90 = 90 min incubation.
was measured at a fixed time of 15 min after initial
mixing of cells and bacteria. A luminometer 1250
(LKB) was used and the reaction was measured at
370C.9
PHAGOCYTIC KILLING
Neutrophils were mixed with G vaginalis at a bacter-
ial cell ratio of roughly 5:1. The medium was HBSS
supplemented with either 10% normal human
serum, 10% normal human serum heated at 56°C
for 30 min, or 5% normal human serum plus 5%
immune rabbit serum raised against G vaginalis.
Serum and cell free controls were included. Bacter-
ial counts were made at the start of the experiment

and after 45 and 90 min by taking 0-1 ml aliquots of
reaction mixture into 0-9 ml of distilled water and
sonicating to disrupt the cells. Surface viable counts
were then made on 10-fold dilutions of this sonicate.
IMMUNE RABBIT SERUM
Three immune rabbit sera (IRS) were prepared by
intravenous injection of G vaginalis into New Zea-
land white rabbits using the method of Vice and
Smaron.'0 IRS-163 was raised against G vaginalis
NCTC 10915. The other sera IRS- 166 and IRS- 167
were raised against clinical isolates of G vaginalis
unrelated to those used in the phagocytosis experi-
ments.
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Phagocytosis and killing of Gardnerella vaginalis by human neutrophils
Results

Table 1 shows the phagocytosis of the NCTC strain
of G vaginalis and the three clinical isolates meas-
ured by microscopical assay and chemilumines-
cence. Both techniques gave similar patterns of
results. All four strains were opsonised by normal
human serum and the opsonic activity was removed
by heat inactivation. Blockade of the classical path-
way of complement activation by chelating normal
human serum with magnesium sulphate and
ethylene glycol tetraacetate had no effect on the
opsonisation of G vaginalis.. The use of IRS-163
raised against G vaginalis 10915 produced a moder-
ate enhancement of opsonisation of both this strain
and strain 35 but not of strains 33 and 36.
We investigated this apparent heterogeneity of

opsonic requirements among G vaginalis strains by
comparing the opsonic effect of three immune rabbit
sera against G vaginalis 10915, 35, 36, and 39.
IRS- 163 again produced a moderate enhancement
of opsonisation of strain 10915 in comparison with
normal human serum, but neither IRS- 166 nor
IRS- 167 had any such effect. IRS- 166 enhanced
opsonisation of strains 35 and 36 but not of strain
39. IRS did not enhance the opsonisation of any of
the four test strains (Table 2).
Assays of phagocytic killing were carried out with

strains 10915 and 39. Both strains were resistant to
killing by both normal human serum and immune
rabbit serum in the absence of neutrophils. Unop-
sonised organisms were killed poorly by neutrophils.
Killing was at its maximum in the presence of nor-
mal human serum and neutrophils. The use of IRS-
163 in this system did not result in greater killing of
G vaginalis than that seen with normal human
serum. Finally, heat inactivation of serum prevented
effective neutrophil killing (Table 3). The clinical
strain 39 was more resistant to killing than the
NCTC strain.

Discussion

G vaginalis is opsonised and killed by fresh human
serum and neutrophils. These processes are com-
plement dependent. None of the strains tested was
susceptible to serum killing in the absence of neut-
rophils. Although complement dependent, opson-
isation and phagocytosis were unaffected by block-
ade of the classical pathway. G vaginalis contains
lipopolysaccharide, which is a potent activator of the
alternative complement pathway."
The role of antibody is less clear. The hyper-

immune rabbit antisera originally raised for
immunofluorescence tests produced only moderate
enhancement of opsonisation limited to certain
strains and had no effect on intracellular killing. The

strain differences in response to antibody mediated
opsonisation mirror differences in the immuno-
fluorescence and enzyme linked immunosorbent
assay reactions of G vaginalis strains that we have
observed. This work needs to be extended as it may
form the basis of a possible serotyping system.
The effectiveness of cells and serum in killing G

vaginalis is what one would expect of an organism of
low virulence. Yet in some circumstances G vag-
inalis can cause invasive disease, even bacteraemia.
We need to see whether strains from such infections
are more capable of resisting host defences.
Women and babies with such infections need to

be studied to see if they have defects in their
humoral or cellular immune responses to G vag-
inalis. We also need to see whether clinical infection
results in the production of opsonic or bactericidal
antibody and to investigate the surface structures of
the organism and their capacity to activate the com-
plement system.

We thank the Medical Research Council for financal
support.
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