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SUMMARY

Standard preparations of immunoglobulin for intravenous use consist predominantly of IgG
(> 95%). We have compared the ability ofa standard preparation (Sandoglobulin) with that ofa new
preparation (Pentaglobin, containing 12% IgM and 12% IgA) to improve the opsonic activity of
antibody-deficient human sera in vitro. Panhypogammaglobulinaemic sera were poorly opsonic for
five of six organisms tested, particularly Pseudomonas aeruginosa, Escherichia coli and Streptococcus
pneumoniae, but opsonized Staphylococcus aureus almost normally. Both immunoglobulin prep-

arations significantly improved the opsonic activity of the antibody-deficient sera for most
organisms. The major difference between the two preparations was the ability of Pentaglobin to
supply opsonins for P. aeruginosa, E. coli and Klebsiella pneumoniae, while Sandoglobulin was

significantly more potent in opsonins for Haemophilus influenzae. Pentaglobin demonstrates
significant in vitro opsonic activity, particularly for enterobacteria (coliforms) and P. aeruginosa. Its
content ofIgM antibodies appears to confer special properties on Pentaglobin not seen with standard
preparations of immunoglobulin for intravenous use. Its place in clinical practice remains to be
determined but it may have a possible role in augmenting host defence mechanisms in Gram-negative
septicaemia.
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INTRODUCTION

Regular administration of intravenous immunoglobulin prep-
arations is now established as replacement therapy for panhypo-
gammaglobulinaemia. There are several other clinical situations
where the humoral immune response of the host is impaired and
where administration of parenteral immune therapy may be
useful (Alving & Finlayson, 1979): in patients with multiple
trauma, or undergoing major surgery or having sustained
extensive burns, immunosuppressed patients as defined by more
conventional criteria (eg, therapy with immunosuppressive
drugs) and patients with apparently normal immunity present-
ing with overwhelming infection.

Gram-negative aerobic bacilli are the leading cause of fatal
nosocomial infections (McGowan, 1985). Pre-eminent among
these pathogens in Pseudomonas aeruginosa, whose ability to
cause life-threatening infections in compromised patients is well
documented (Cross et al., 1983). Mortality rates for nosocomial
bacteraemic episodes have remained unchanged for the past
three decades, indicating the limited impact of antibiotic
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therapy (Bodey et al., 1983). To reduce mortality and morbidity
in these patients enhancement of their defence mechanisms is
probably required in addition to anti-microbial chemotherapy.

Normal human immunoglobulin is prepared from pooled
human plasma by various fractionation procedures and then
modified to obtain a preparation suitable for intravenous use.
Standard preparations contain predominantly immunoglobulin
(Ig) G, antibodies of the IgM and IgA classes being lost during
fractionation. Sandoglobulin is such a preparation, consisting
of 96% IgG, 3 6% IgM and 04% IgA. Pentaglobin is a new
preparation containing significant amounts of IgM (12%) and
IgA (12%) but less IgG (76%).

Of the immunoglobulin classes, only IgG can directly
promote phagocytosis. It does so by interacting with Fc
receptors on the phagocyte membrane, either alone or in the
presence ofC3b (Silverstein, Steinman & Cohn, 1977). IgM can
also prepare particles for ingestion by phagocytic leucocytes
but, unlike IgG, it requires the participation of serum com-
plement. Binding of IgM to a particle in the presence of serum
initiates the fixation of complement to the surface of that
particle which can then interact with C3b receptors on the
leucocyte membrane (Silverstein, Steinman & Cohn, 1977). IgM
is the major component of the primary antibody response, is
produced before IgG and it is the most effective immunoglobu-
lin class at fixing complement (Roitt, 1984).
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We have used an in vitro neutrophil chemiluminescence
assay which we have described previously (Williams et al., 1980),
to determine the ability of Pentaglobin to reconstitute pan-
hypogammaglobulinaemic human sera with opsonins for a

range of bacteria. We have also compared this ability with that
of Sandoglobulin which we have previously shown to improve
such impaired opsonic activity (Munro, Stanley & Cole, 1985).

MATERIALS AND METHODS

Sera
Sera were obtained from 12 healthy subjects and pooled as a

standard. Sera were also obtained from five patients with
idiopathic adult onset panhypogammaglobulinaemia who had
not received replacement therapy for at least 4 weeks. Total IgG,
IgA and C3 were measured by standard techniques.

Immunoglobulin preparations
The intravenous immunoglobulin preparations tested were

Sandoglobulin (pH 4 and pepsin-treated; Sandoz Products Ltd)
and Pentaglobin (beta-propiolactone-treated; Biotest UK Ltd).

Bacteria
Bacteria used were single clinical isolates of Haemophilus
influenzae (non-capsulated), Streptococcus pneumoniae, Escheri-
chia coli, Klebsiella pneumoniae, Staphylococcus-aureus and
Pseudomonas aeruginosa (non-mucoid). These organisms were

grown in broth overnight, then centrifuged and washed twice in
PBS. The final suspensions were adjusted with a nephelometer
to a standard concentration of approximately I x 109 colony
forming units/ml.
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Fig. 1. Chemiluminescence (CL) stimulated (as percentage of pooled
serum standard) by bacteria opsonized by 12 normal (-) and 5
panhypogammaglobulinaemic (0) sera. Mean value for each group is
indicated by a horizontal bar.

Neutrophil preparation
Neutrophils were obtained from healthy donors by adding 20 ml
of blood to 6 ml of 6% Dextran in saline and 200 iu heparin.
After sedimentation at room temperature for 45 min, the plasma
was layered onto Ficoll-Paque (Pharmacia) separation medium
and centrifuged at 500 g for 40 min at 1 8°C. Residual
erythrocytes were lysed by resuspension of the pellet in 0-8%
ammonium chloride buffer, pH 7 2. The remaining cells were

washed twice (100 g for 10 min at 4°C) and finally suspended in
colourless medium 199 (Flow Labs) at a concentration of2 x 106
neutrophils/ml. The cell population was > 95% pure and
variability was > 99% as determined by trypan blue exclusion.

Opsonization of bacteria
One-hundred microlitres of the bacterial suspension were

incubated for 30 min at 37°C in I ml of phosphate-buffered
saline (PBS) containing 10% pooled normal serum or pan-

hypogammaglobulinaemic serum, either with or without added
immunoglobulin solution at a final concentration of 10 mg

IgG/ml ofserum. PBS, heat-inactivated serum (56°C for 30 min)
and immunoglobulin solution were used alone as controls. The
suspension of opsonized bacteria was centrifuged at 3000 rpm

for 10 min at 4°C and the supernatant discarded. Immediately
prior to the assay, the pellet was resuspended in 900 Ml ofwarm
(37°C), colourless Hanks' solution (GIBco) buffered to pH 7-4
by 10 mM HEPES containing 10-5M luminol (Sigma). All
opsonizations were performed in triplicate.

Chemiluminescence assay

Five-hundred microlitres of the neutrophil suspension were

warmed to 37°C for lh and added to the suspension of
opsonized bacteria in the medium containing luminol. Chemi-
luminescence emitted was measured by an LKB 1250 lumin-
ometer. The final ratio of bacteria to neutrophils was 100: 1.

Statistical analysis
The peak chemiluminescence measured in each test was

expressed as a percentage of the peak chemiluminescence
produced when the bacteria were opsonized by pooled normal
serum. Each result was the mean of three experiments. Statisti-
cal analyses were by Student's unpaired and paired t-tests.

RESULTS

The immunoglobulin levels of all panhypogammaglobulinae-
mic sera were well below the normal range (IgG < 3.5 g/l, IgM
< 0-4 g/l and IgA < 0-1 g/l). The immunoglobulin levels in the
pooled serum were normal (IgG 10-2 g/l, IgM 1 37 g/l, and IgA
1 90 g/l). The level of C3 was normal in all sera. When normal
but heat-inactivated serum or either of the two immunoglobulin
preparations were used as the sole source of opsonins, the
chemiluminescence produced was similar to that from the PBS
control. Figure I shows the chemiluminescence produced when
target bacteria were opsonized by normal and by panhypo-
gammaglobulinaemic sera. With normal sera the range of
opsonic activity was wide for all organisms except P. aeruginosa,
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Fig. 2. Chemiluminescence (CL) stimulated (as percentage ofpooled serum standard) by bacteria opsonized by panhypogammaglobuli-
naemic (0-0) and pooled normal (A A) sera before and after adding immunoglobulin preparations. SG is Sandoglobulin and PG
is Pentaglobin.

ranging from 50-150% of that obtained using pooled sera. For
P. aeruginosa the range was 68-119% and, as with E. coli, there
was no overlap with that obtained using panhypogammaglo-
bulinaemic sera. The opsonic activity of panhypogamma-
globulinaemic sera was reduced for all organisms except
S. aureus which was not significantly different from normal. The
greatest reductions were seen with E. coli and P. aeruginosa
while opsonic activity for H. influenzae was only moderately
impaired.

The results of adding immunoglobulin to panhypogamma-
globulinaemic or pooled normal serum are shown in Fig. 2.

When Pentaglobin was added there was in every case an
improvement in the opsonic properties of the panhypogamma-
globulinaemic sera for all bacteria except S. aureus. Significant
improvement was also observed with Sandoglobulin for all
bacteria except P. aeruginosa but was generally of lesser degree
than that seen with Pentaglobin. The most obvious differences
between the two preparations were seen with P. aeruginosa,
when Sandoglobulin was unable to improve the opsonic activity
of the test sera while Pentaglobin made a significant difference
(P<0 001), and with H. influenzae, when Sandoglobulin
demonstrated significantly better activity than Pentaglobin
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(P<0002). A significant difference (P<0-001) in favour of
Pentaglobin was also observed for E. coli, K. pneumoniae and
S. pneumoniae but this was of a lesser degree. While Sando-
globulin managed to improve the opsonization of S. aureus, the
addition of Pentaglobin actually reduced the chemilumines-
cence obtained.

Addition of the immunoglobin preparations to pooled
normal serum resulted in similar effects on the opsonization of
most bacteria but was generally of a lesser degree and in some
cases the direction of change was actually opposite to that seen
with the test sera, implying an impairment of opsonic activity.

DISCUSSION

The present study compares the opsonic activity of a standard
intravenous immunoglobulin preparation, Sandoglobulin, with
a new preparation, Pentaglobin, for a number of common
bacterial pathogens. The major differences between these two
preparations are their immunoglobulin class composition and
the method used to modify them for intravenous use. Sando-
globulin contains predominantly IgG and is pH 4- and pepsin-
treated, while Pentaglobin contains significant proportions of
IgM and IgA and is betapropiolactone-treated. It has previously
been shown that different methods of preparation can alter the
functional characteristics of immunoglobulins for intravenous
use (Romer, 1982). Measurement of opsonic characteristics
quantifies one of the most important functions of immuno-
globulins in vivo and may therefore be regarded as a way of
directly assessing the functional activity of an immunoglobulin
preparation (van Furth, Leijh & Klein, 1984). The method used
in this study to compare the ability of the immunoglobulin
preparations to provide opsonins was the measurement of
luminol-enhanced neutrophil chemiluminescence when the
membrane of such cells was stimulated by suitably opsonized
bacteria (Williams et al., 1980); this has previously been shown
to be useful in the assessment of serum opsonic activity (Stevens
& Young, 1977; Munro, Stanley & Cole, 1985).

Under the conditions of the present study, it was interesting
that Sandoglobulin enhanced, whereas Pentaglobin suppressed,
the opsonization of S. aureus. This could be due to an imbalance
of different isotypes in the case of Pentaglobin and might be of
relevance in vivo in some patients. In general, the opsonic
activity of Pentaglobin was similar to that of Sandoglobulin but
in the case of P. aeruginosa, K. pneumoniae and E. coli,
Pentaglobin appeared to have much greater activity; in keeping
with an additional content of (IgM) opsonizing antibodies. The
reciprocal antibody titres, measured by passive haemaggluti-
nation in our test batch ofPentaglobin, were high for these three
organisms at 1:1280, 1:640, and 1: 320 respectively. These
figures are considerably higher than those published for Sando-
globulin, which are 1:20, 1:2 and 1:16 respectively. Con-
versely, the opsonic activity of Sandoglobulin was superior in
the case of H. influenzae, probably reflecting increased amounts
of IgG opsonizing antibody for this organism. Sandoglobulin
suppressed the phagocyte response to all Gram-negative bac-
teria (except H. influenzae) opsonized in pooled normal human
serum, while Pentaglobin enhanced the response in these cases
(except K. pneumoniae). The sugar residues present in Sandoglo-
bulin might block the bacterial-phagocyte interaction and this
possibility could be explored by dialysing the preparation to
remove sugar residues. Alternatively, anti-idiotypic antibodies

contained in the intravenous immunoglobulin preparations
may have a similar effect.

Fresh normal serum is effective in promoting the phago-
cytosis and intracellular killing of Pseudomonas by neutrophils,
virtually all of the opsonic activity being due to 'natural'
antibodies of the IgM class (Young & Armstrong, 1972).
Immunity to P. aeruginosa has been found to correlate with the
presence of antibody directed against lipopolysaccharide (LPS)
and exotoxin A (Pollack & Young, 1979). There is substantial
evidence that the main functional role of antibodies against
P. aeruginosa is opsonization for ingestion by neutrophils.
Recovery from septicaemia is associated with an increase in
both IgM and IgG specific antibodies and several studies have
demonstrated a direct correlation between titre of opsonizing
antibody and prognosis (Young, 1974; Weinstein & Young,
1976; Pollack & Young, 1979; Pollack et al., 1983). There is also
much evidence that IgM antibodies are the primary opsonins in
this process (McCall et al., 1973; Young, 1973; Pollack et al.,
1983).

Patients with severe panhypogammaglobulinaemia charac-
teristically are little troubled by Gram-negative septicaemia and
their frequent infections are usually prevented by intravenous
immunoglobulin preparations such as Sandoglobulin. Hence, a
role for IgM antibody is probably only critical when severe
Gram-negative septicaemia occurs in the context of severe
neutropenia.

Despite multiple antibiotic regimens and extensive support
procedures in our modern intensive care units, there is still a
significant mortality from sepsis due to bacteria such as
P. aeruginosa, E. coli and S. aureus (Bodey et al., 1983). There
have been experimental and clinical attempts to augment
circulating antibody to prevent or ameliorate Gram-negative
sepsis. Interest in both active (Jones, Roe & Gupta, 1979) and
passive immunization procedures has been re-awakened in
recent years and various studies have demonstrated significant
reductions in mortality and morbidity using hyperimmune
serum directed against the core glycolipid region ofLPS (Ziegler
et al, 1982; Baumgartner et al., 1985). In the past there have been
significant problems limiting the use ofnormal human immuno-
globulin in the management of Gram-negative sepsis. Results
using standard preparations in the prophylaxis and treatment of
infections have not been consistent and many reasons, including
inadequate doses, low levels of specific antibodies, lack of IgM
containing preparations (Pollack et al., 1983), and reduced
functional activity of the immunoglobulins due to alteration
during manufacture, have been given for this (Pollack, 1983;
Collins & Roby, 1984; Stiehm, 1987; Yap, 1987). With the
development ofnew intravenous immunoglobulin preparations,
their true role in the prevention and treatment of infections will
begin to be answered. A recent study by Pennington & Small
(1987), using neutropenic guinea pigs, demonstrated a signi-
ficant reduction in mortality from Pseudomonas aeruginosa
infection by combining passive immune therapy (intravenous
hyperimmune IgG antibody to P. aeruginosa) with intravenous
antibiotics.

The present study indicates that Pentaglobin, a new intra-
venous immunoglobulin preparation containing a significant
quantity of IgM, possesses excellent opsonic activity in vitro
against the common bacterial pathogens causing Gram-nega-
tive septicaemia, especially P. aeruginosa and E. coli. It can be
expected that preparations with good functional characteristics
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in vitro will also have good functional activity in vivo (van Furth,
Leijh & Klein, 1984). Therefore, we suggest that there is a sound
case to pursue clinical trials of Pentaglobin in severely ill
patients with Gram-negative septicaemia, although these will
need to be carefully controlled as it is difficult to prove the effect
of new treatment in this difficult clinical area.
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