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Listeria monocytogenes meningitis and decreased
phagocytosis associated with iron overload

B SWEDER VAN ASBECK, HENRI A VERBRUGH,
HANS W IMHOF, JAN VERHOEF

Abstract

A patient with Listeria monocytogenes meningitis was
found to have idiopathic haemochromatosis and mono-
cytes with reduced phagocytic capacity. The phagocytic
function recovered completely after a series of therapeu-
tic phlebotomies. In-vitro iron had a deleterious effect
on the phagocytic capacity of monocytes and granulo-
cytes.
These findings show that iron overload in the host can

increase susceptibility to L monocytogenes infection not
only by increasing the virulence of the organism but also
by reducing the phagocytic capacity of the monocytes.

Introduction

Listeria monocytogenes is often found as a commensal in healthy
individuals.' Infections by Listeria are uncommon and are usually
restricted to neonates, the aged, and patients with a suppressed
immune response.' L monocytogenes infections have been descri-
bed in patients with haemochromatosis and other conditions
which may be complicated by an excess of iron, such as alco-
holism and hepatic and haematological diseases.'-6 Iron is
essential for microbial growth, and extreme plasma iron satura-
tion can enhance the virulence of micro-organisms by permitting
proliferation beyond a level that can be controlled by the host.7 B
The agents of resistance to L monocytogenes are the cells of the
mononuclear phagocytic system9 so we studied phagocytic cell
function in a patient with idiopathic haemochromatosis and
L monocytogenes meningitis before and after treatment by phle-
botomy. The results were consistent with the results obtained in
an in vitro study on the influence of iron on phagocytosis.

Case report

A 58-year-old man was admitted because of fever (40 2°C), pro-
gressively severe headache, and disorientation. He had a history of a
duodenal ulcer, recurrent furunculosis, and chest pain on exertion for
the last six years. His blood pressure was 150/100 mm Hg. Physical
examination showed a greyish skin with many scars of furuncles. The
neck was rigid in all directions. The lungs and heart were normal. The
edge of the liver was felt 8 cm below the right costal margin. The
spleen was not palpable. The tendon reflexes were positive.

Initial laboratory studies showed an erythrocyte sedimentation rate
of 25 mm after one hour. The haemoglobin concentration was 15 9
g/dl, the packed cell volume 52",,, the white blood-cell count 20 3 x

109/1 (with 68O neutrophils, 7'II band forms, 18°,, lymphocytes, 70
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monocytes), and the platelet count 102 x 109/1. The urine was positive
for glucose and urobilin. Renal function was normal. Glucose was 12 0
mmol/l (216 mg/100 ml), total bilirubin 33 jmol/l (1-9 mg/100 ml)
with 36"U, conjugated bilirubin, alkaline phosphatase 71 U/1, aspartate
aminotransferase (AST) 61 U/1, and alanine aminotransferase (ALT)
37 U/1. A lumbar puncture yielded yellow cerebrospinal fluid contain-
ing numerous Gram-positive rods, identified after culture as L mono-
cytogenes type 4b. The serum agglutination titre for L monocytogenes
was 1/1280. Immunological studies showed normal E-rosette forma-
tion for lymphocytes, positive delayed-type hypersensitivity reactions
for Candida and purified protein derivative of tuberculin, and a mild
increase in the gammaglobulin concentration. The dinitrochloroben-
zene score after sensitisation was normal.
The patient was treated with ampicillin. Insulin was administered

concurrently because of raised blood sugar values. His condition im-
proved rapidly and he had an uneventful convalescence, but his
liver function values remained abnormal. Radionuclide scanning
showed an enlarged liver with a homogeneous distribution of the radio-
activity. A liver biopsy specimen showed changes consistent with
cirrhosis and a considerable increase in stainable iron in the hepato-
cytes and Kupffer cells. Further laboratory examinations showed a
serum iron concentration of 31 zumol/l (173 4sg/100 ml), a total iron-
binding capacity of 49 ,smol/l (273 sg/100 ml), and a saturation of 63%.
Serum transferrin was 1 95 g/l and serum ferritin 2050 4g/l (normal
range in our laboratory 15-150 ,g/l). After an intramuscular injection
of 1000 mg desferrioxamine the iron excretion in the urine was 40
pmol/24 h (2234 sLg/24 h). In the bone marrow the iron stores were not
increased and sideroblasts were normal. Study of iron absorption after
ingestion of a 1-mg Fe++ carrier dose showed high values for mucosal
uptake (72-30°), iron retention (69.9%), and the mucosal transport
fraction (0 96), as found in iron deficiency and also in idiopathic
haemochromatosis.10 On the basis of these findings we diagnosed
L monocytogenes meningitis, idiopathic haemochromatosis, and diabe-
tes mellitus. A series of phlebotomies was performed. Duting the first
month 500 ml of blood was removed weekly, and the interval was then
increased to a fortnight because the patient complained of angina
pectoris. After six months the serum ferritin concentration had fallen
to 1017 tsg/l and after 14 months to 62 jsg/l.

Methods

Before treating this patient's haemochromatosis we studied his
phagocytic cell function. Phagocytosis by human mononuclear and
polymorphonuclear leucocytes was assessed according to a method
described elsewhere." In brief, human mononuclear and polymorpho-
nuclear leucocytes were incubated at 37'C with 3H-thymidine labelled,
opsonised Staphylococcus aureus at a bacteria-to-leucocyte ratio of
10:1. After washing, leucocyte-associated radioactivity was deter-
mined after 2, 6, and 12 minutes, and phagocytosis was expressed as a
percentage of the total radioactivity added. To exclude experimental
errors for example, from radioactive labelling of staphylococci-we
tested the phagocytic function of mononuclear and polymorphonuclear
leucocytes from healthy controls at the same time as that of the patient.
The normal range of phagocytosis was ascertained as the 950%
confidence interval obtained with mononuclear and polymorpho-
nuclear leucocytes from 48 and 59 healthy donors respectively.
The phagocytic activity of the patient's leucocytes was assayed after

he had recovered from the meningitis, together with that of control
mononuclear and polymorphonuclear leucocytes. Three tests were
performed in duplicate sequentially over six months with a two-month
interval before the start of therapeutic phlebotomies. The assay was
performed again after six, seven, and 13 months of phlebotomy.
Throughout the period in which the tests were done the blood glucose
concentration was well controlled with insulin, no other medication
was given, and the patient was free of infection.
To detect any effect of iron on the phagocytic capacity of normal

donor mononuclear and polymorphonuclear leucocytes these cells
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were preincubated in RPMI,,45 (Gibco) containing ferric citrate
(Merck) at final concentrations of 0, 0 05, 0 1, 0 15, and 0 2 mmol/l.
For this purpose, ferric citrate, at equal molar concentrations of iron
and citrate, was dissolved in distilled water to a concentration of 20
mmol/l. At neutral pH this iron compound forms polynuclear com-

plexes.'2 1' The iron content of the solution was checked by a spectro-
photometric assay using Ferrozin (BDH) as complexing agent. After
20 hours of incubation at 37'C in air containing 50(, carbon dioxide
the cells were washed twice and resuspended in RPMI,640 for the assess-

ment of phagocytosis and of cell viability, which was tested by trypan
blue dye exclusion (020) trypan blue dye). The effect of ferritin on
phagocytosis by normal donor leucocytes was also investigated, be-
cause the patient had a high serum ferritin concentration. This study
was performed with ferritin in final concentrations of 750, 1500, 3000,
and 6000 Mgl1, using partially purified serum ferritin from the patient's
plasma, obtained from the first phlebotomies, according to methods
described elsewhere.'5 Results were examined statistically by two-way
analysis of variance.'7

Results

In all tests the phagocytic function of the patients polymorpho-
nuclear leucocytes was within the normal range and there was no

difference from that of control leucocytes. The mean values for phago-
cytosis by the patient's mononuclear leucocytes, however, were at the
lower limit of normal and were significantly lower than those of the
control mononuclear leucocytes (p < 0-01) (see table). After removal of
iron by phlebotomy over six months, however, which decreased the
serum ferritin concentration from 2050 to 1017 Mgll, uptake of Staphy-
lococcus aureus by the patient's mononuclear leucocytes after 2, 6, and
12 minutes' incubation was significantly improved (p < 0 02) (see
table). More than 80", of the added bacteria were phagocytised by the
mononuclear leucocytes after 12 minutes of incubation compared
with only 450o before the therapeutic phlebotomies.

Incubation of the normal donors' mononuclear and polymorpho-
nuclear leucocytes with various concentrations of iron showed a dose-
dependent inhibition of the phagocytic capacity of both types of cell
(see figure). At a concentration of 0 2 mmol/l ferric citrate the inhibi-
tion was about 60 0. After incubation with 0 05 mmol/l ferric citrate
the phagocytic capacity was not significantly reduced. No effect was

seen when 0 2 mmol/l sodium citrate was used. Viability of the mono-
nuclear (87-93",) and polymorphonuclear leucocytes (85-92% ) after
exposure to iron was no different from that of the control leucocytes
(88-93 and 86-940" respectively).
To study the effect of the high serum ferritin concentration on

phagocytosis, we isolated ferritin from the patient's plasma obtained
during the first phlebotomies and incubated normal donor leucocytes
as well. The phagocytic capacity of the leucocytes did not decrease,
even after 20 hours of incubation in a culture medium containing
6000 Mug/l ferritin.

Discussion

Listeria monocytogenes is a ubiquitous organism which is often
present in healthy individuals but may be pathogenic under
certain conditions-for example, in patients with impaired host
resistance.' 2 Infection is almost always due to haemolytic
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Effect of increasing concentration of iron on phagocytosis of Staph aureus by
mononuclear and polymorphonuclear leucocytes. Leucocytes were pre-
incubated during 20 hours with various concentrations of ferric citrate
(O mmol/l: D ;0-05 mmol/l: --; 0-1 mmol/l: *-*; 00 15 mmol/l:
o-2 ; 002 mmoll: *-* ). Percentage phagocytosis represents the per-
centage of opsonised bacteria taken up by the leucocytes after 2, 6, and 12
minutes of incubation.

L monocytogenes strains of the well-known serotypes I and 4b.y
Various clinical syndromes have been described in listerosis, but
the nervous system is the most commonly affected system,r as
was the case in our patient, who also had iron overload.

Studies in vivo have shown that iron plays an important part
in the host resistance to L monocytogenes. When iron compounds
were injected the median lethal dose of L monocytogenes in mice
dropped from about 3 x 103 to about 5.18 When added to a synthe-
tic medium, iron stimulated in-vitro growth of the micro-
organism.'8 Iron is essential for microbial growth, and an increase
in the availability of iron in the host's tissues is an important
determinant of the nature of the infection produced by potential
pathogens and their virulence.8 The demonstration in animals
that iron compounds enhance the virulence of mycobacteria,
listeria, yersiniae, staphylococci, clostridia, several entero-

bacteria,'9 and gonococci,20 supports the view that iron metabo-
lism in the host plays a part in the onset and progression of
bacterial infections.

Resistance to infection by intracellular organisms such as

L monocytogenes is thought to depend primarily on cell-mediated
immunity.2" Thymus-derived lymphocytes have been shown in
vitro to play an important part in the activation of monocytes
and macrophages to kill listeria.9 22 23 In our patient, however,
tests of cellular immunity gave normal results, and this led us to
evaluate the function of his mononuclear phagocytic system.
The concurrent haemochromatosis also prompted us to investi-
gate the effect of iron on phagocytic cells.
The patient's mononuclear and polymorphonuclear leucocytes

were studied over six months after he had recovered from

.lean (c>SEM) values for phagocytosis of Staph aureus by mononuclear and polymorphonuclear leucocytes obtainedfrom patient and controls after various incubation
ti'nes. Also shown is the normal range for leucocyte phagocytic capacity (950% confidence intervals)

Phagocytosis ('O)*

Patient Controls (n -3)
After removal of

Before 3500 mg iron by Before After
Incubation treatment phlebotomy treatment treatment Normal range
time
(min) MNt+ PMN MN+ PMN MNt PMN MN PMN MN (n =48) PMN (n 59)

2 23±5 50±2 48+3 45 -3 48±4 51±2 47 X1 61±3 39±22 47±24
6 37. 9 80±4 71 -9 78-t-5 70 f5 83 3 73±3 83±3 62±28 84±15
12 45:11 80±3 84 4 82 -2 80±4 84±2 81±2 84±2 71±24 84±15

MN = Mononuclear leucocytes. PMN = Polymorphonuclear leucocytes.
*Percentage phagocytosis represents the percentage of total amount of bacteria in the medium taken up by the leucocytes. Statistical differences between observations indicated
by t and + were determined by using two-way analysis of variance.
tp. 001; +p< 002.
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meningitis. The phagocytic capacity of the mononuclear
leucocytes was largely diminished, but polymorphonuclear
function was normal. After removal of about 3500 mg of iron by
phlebotomy, however, the function of the mononuclear leuco-
cytes returned to normal. All tests were carried out in duplicate
and the patient's cells were tested several times before and after
phlebotomy. When these sequential observations were taken
into account the improved phagocytic capacity after removal of
iron by phlebotomy was significant (p < 0 02).

In vitro we did not observe any effect of ferritin on the phago-
cytic function of leucocytes obtained from healthy controls.
Nevertheless, iron had a dose-dependent inhibiting effect on
phagocytosis after preincubation of control leucocytes in a
medium containing ferric citrate. Concentrations of 0-1-0- 15
mmol/l of iron caused a decrease of phagocytosis similar to that
observed in the patient's mononuclear leucocytes. The effect of
iron was not due to a decrease in the number of viable cells, since
trypan blue was excluded just as well as in control cells. We used
citrate in our tests because of its wide availability as a ligand for
iron in biological systems. At physiological pH values equimolar
amounts of iron and citrate form slow-reacting iron polymers
where citrate ions provide a protective coating to prevent
aggregation.12 13 Considering the behaviour of iron in aqueous
solutions, we suspect that the non-transferrin and non-albumin-
bound iron observed in patients with primary and secondary
haemochromatosis24-26 may be similar to these ferric citrate
complexes. This non-specific plasma iron with potential toxicity,
probably an inorganic iron complex, disappeared after removal
of only a few grams of iron by phlebotomy. This probably occur-
red also in our patient, resulting in improvement of the mono-
nuclear function. It is not clear why the function of only the
patient's mononuclear leucocytes and not that of his poly-
morphonuclear leucocytes was impaired. This divergence
might have been related to the degree of iron loading and to the
difference in the time spent by mononuclear and polymorpho-
nuclear leucocytes in the circulation.
There are several reports about the influence of iron on

phagocyte function.7I-29Iron can enhance the ability of micro-
organisms to proliferate within polymorphonuclear leucocytes
by lowering the bactericidal capacity. The mechanism of the
inhibiting effect of iron on the leucocyte function is not clearly
understood. Damage to cell structures by iron-catalysed free-
radical oxidations might be an explanation. Iron has recently
been shown to enhance the production of hydroxyl radicals by
human neutrophils,30 and it has been suggested that hydroxyl
radicals, one of the most potent oxidants known," play a part in
the peroxidation of membrane lipids.'2
Our findings indicate that an excess of iron in the host can en-

hance the susceptibility to L monocytogenes infection, not only
because of the increased availability of iron but also because of
the resulting impairment of the function of the circulating
mononuclear phagocytic cells.

We thank Miss Maeyken Hoeneveld for secretarial help. Part of this
study was made possible by a grant from Ciba-Geigy, Basel, Switzer-
land.
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ONE HUNDRED YEARS AGO Dr R A Jamieson of Shanghai
has recently presented to the Museum ofthe Royal College of Surgeons
a pair of feet, to which the following remarkable history is attached.
Some months ago, a Chinese beggar excited much pity, and made a
very profitable business in the streets of the foreign settlement,
Shanghai, by showing the mutilated stumps of his legs, the feet
belonging to them being tied together, and slung round his neck.
Warned frequently by the police, he was knocked down by a carriage
one day when scrambling out of the way of a constable. He was
brought into hospital, under Dr Jamieson's care, being slightly
injured; and, on recovery from his bruises, he sold to his medical
attendant his feet, which otherwise would have been confiscated by
the police. He admitted that, for the purpose of making himself as
attractive as possible to the charitably disposed, he had, about a year
previously, fastened cords round his ankles, drawing them as tight
as he could bear them, and increasing the pressure every two or
three days. In about a fortnight, the bones were bare, and he had no
more pain. (British Medical Journal, 1882.)
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