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The role of iron as a possible pathogenic factor in the infection of V. vulnificus was examined in this
paper. The effects of iron and CCl, on the growth of V. vulnificus in human and rabbit sera were also
done. Injection of iron to mice resulted in a lowering of the 50% lethal dose and in a reduction in the
time of death postinfection. Serum iron levels were also elevated by damaged livers with infections of CCl,.
The inoculum size required to kill these mice was directly correlated with serum iron levels. Iron ap-
peared to be the limiting factor in the ability of this organism to survive or grow in mammalian sera.
These results, both in vitro and in vivo, provided strong evidence that iron may play a major role in the

pathogenesis of V. vulnificus.
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1. Introduction

Marine Vibrio vulnificus was found in estuarine
environments of coastal waters and perhaps the
most invasive of vibrio species. Unlike other vi-
brios, it was associated with a high incidence of
sepsis, necrosis of surrounding tissue, and sep-
ticemia correlated with a high degree of mortality
(Blake et al., 1980). Blake et al.(1980) provided a
comprehensive clinical presentation of infections
produced by this bacterium. 75% of infections
resulting in septicemia were associated with liver
damages or other chronic diseases - hemo-
chromatisis, thalassemia, and chronic cirrhosis, et
al. - that could result in iron overload.

The importance of iron for microorganisms has
long been recognized, and the ability of iron has
been proposed as a contributing factor in a numb-
er of experiments on the bacterial infections
(Bezkorovainy, 1980; Bullen et al., 1975; Wein-
berg, 1978). Iron within the mammalian host was
bound to various proteins and was, therefore, not
readily available for bacterial acquisition(Schade et
al., 1946). For example, the bactericidal properties
of serum were attributed to the sequestering of
iron. These properties could be abolished by in-
creasing the saturation of transferrin with iron.

In considering the high correlation of V. vul-
nificus infections with diseases involving increased
iron level, the effects of iron and iron-chelating
agents on the pathogenicity and on the ability of
this organism to survive were examined in this
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2. Materials and Methods

2.1 Organism

V. vulnificus was used for injections into 6- to 8-
week-old male mice(ICR) or for inoculations into
sera. Inocula were obtained from early stationary-
phase growth in brain heart infusion and washed
three times in phosphate-buffered saline(PBS) be-
fore usc.

2.2 Iron injection

50% lethal dose(LDs,} was calculated by the
method of Reed and Muench(1938), using
intraperitoneal(i.p.) injection(0.5mL) of V. vul-
nificus and concurrent i.p. injection(0.2mL) of ster-
ilized ferric ammonium citrate(80pg) in PBS. Con-
trol mice received only iron injection.

2.3 CCl, injection

Mice were fasted 12h and then CCl, was
administered(0.5mL, i.p.}) as a 20% solution in
olive oil as described by Gomez et al.{1975). Ino-
cula of V. vulnificus were injected into mice 24, 48,
and 72h after injections of either CCIl, in olive oil
or olive oil alone. Control animals received only
CCl, injections.

2.4 Serum iron level
Blood samples were obtained from mice by car-
diac puncture at intervals of 1 to 72h. Serum sam-
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Table 1. Effect of iron on 50% lethal dose

inoculum (log) No. dead (n=5)
PBS Fe
8 5 -
S A
6 1 | R
5 0 f 5
4 0 ’ 5
3 0 5
2 - 5
1 - 4
0 - 4
-1 - 0.
LDso 5 x 10° 1 x 10"

ples from at least four mice were pooled and
serum iron levels were measured by the mi-
cromethod of Henry as described by Weissman
and Pileggio(1974). Only samples free of hemolysis
were used.

2.5 Growth in sera

Pooled sera were obtained aseptically from eith-
er four humans or three rabbits and stored at 4
°C before use. V. vulnificus was inoculated into
10mL of either rabbit serum(RS), human serum
(HS), HS with 0.01mg or 0.10mg of ferric am-
monium citrate per mL. All additions to sera were
of 0.1mL volumes and cultures were incubated at
37 °C. Growth was determined by plate counts on
marine medium.

3. Results and Discussion

3.1 Iron effect

To investigate experimentally whether or not
iron availability could be a factor in the patho-
genicity of V. vulnificus, we examined the effect of
injected iron on the LD;, in mice. Ferric am-
monium citrate has been reported to be toxic in
mice at levels of 12.5pg/g(Holbein et al., 1979)
and the concentration used in our experiments
(4pg/g) was never lethal. Table 1 showed that fer-
ric ammonium citrate produced a lowering of the
LD, from 5 x 10° to 1 x 10° It should be noted

Table 2. Effect of CCl, on mortality
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Fig. 1. Effect of serum iron level on mortality after

CCl, treatment. SI: serum iron level

that inocula which were sublethal in mice re-
ceiving PBS produced 100% mortality in iron-treat-
ed mice. Observations were also made on the host
survival time with or without iron treatment. Iron
treatment greatly reduced the host survival time
after V. vulnificus infections at inocula below 10°.

3.2 CCl, effect

Serum iron values for CCl,-treated mice were
presented in Fig. 1. Values obtained on serum
from untreated mice within a 24h period ranged
from 170 to 200%. An increase in serum iron lev-
els was seen between 6 and 24h after CCl, treat-
ment. These levels began to decline at 48h. In-
jections of V. vulnificus into mice at the time of in-
creased iron levels revealed an increase in mor-
tality as shown in Table 2. Fig. 1 illustrated that
increased mortality correlated with increased
serum iron levels. Since one mode of transmission
of septicernia was by ingestion of contaminated
seafood, mice were also given oral doses of V. vul-
nificus. When given 10° organisms, approximately
50% of the mice died; no deaths occurred at
10°(Table 2). When V. vulnificus was given orally
24h after CCl, treatment, all mice died with the
lowest inoculum tested(10°).

3.3 Serum effect

Human serum(HS) is an iron-limiting en-
vironment as most of the available iron is bound
to transferrin, which is normally about 30% sa-
turated with iron(II). Rabbit serum is more fa-

V. vulnificus inoculum route — mortality (No. dga}dll\}o;gggted) ——
' ) o ] untreated ‘ _treated |
B 2.0x10° ip. ~6/10 10/10
2.0x107 B ip. | 2/10 | 9/10
2.0x10° ip. L 0/10 B - 9/10 |
2 0x10° oral 6/10 - 10/10 ]
i 2 0x10° oral 0/10 10/10
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Fig. 2. Effect of serum on growth of V. vulnificus.
RS: rabbit serum, HS: human serum

vorable environment for bacterial growth since rab-
bit transferrin is about 60% saturated with iron(Il).
Fig. 2 demonstrated that rabbit serum was an ex-
cellent medium for V. vulnificus. HS, on the other
hand, was bactericidal for this organism. The
lethal effects of HS was reversed by the addition of
ferric ammonium citrate and enhancement of
growth was related to the concentration of added
iron(Fig. 2).

The withholding of iron from bacteria by host
proteins has been reported to play an important
role in resistance to infection and has been desig-
nated as a type of nutritional immunity. In-
creasing the availability of this nutrilite can in-
duce the increase of microbial growth and patho-
genicity. The ingestion of iron in mice increased
both the lethality and rapidity of V. vulnificus in-
fections. Increasing iron availability by ingestion of
CCl, produced a similar effect with this organism.
CCl, is believed to produce a hepatocellular
necrosis which liberates iron stores and increases
serum iron(Reissmann et al., 1954). Increased
serum iron levels induced by this method were
correlated directly with increased lethality in mice
by V. vulnificus. It was difficult to determine in
vivo whether or not iron facilitated growth of the
pathogen or interfered with host defense mechan-
ism. Therefore, the effects of iron on in vitro
growth of V. vulnificus were examined.

It seemed likely that the determining factor for
the killing of V. vulnificus by serum was iron
deprivation. The effects of iron in experimental V.

vulnificus infections corresponded vey well with ex-
perimental evidence for the importance of iron in
other bacterial infections. The high correlation of
V. vulnificus septicemia with clinical iron-overload
in humans was perhaps even more significant to
the study of the role of iron in infection. Although
the experimental evidence for the importance of
iron in microbial infections was rapidly expanding,
the relationship between iron status in a clinical
situation and the susceptibility to systemic in-
fections was still a matter of controversy. The
study presented here provided an experimental
basis for clinical observations and suggested that
V. vulnificus may be a valuable model for releas-
ing iron to microbial infection.
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