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Immunological factors and risk of infection in
plateau phase myeloma

R M Hargreaves, J R Lea, H Griffiths, J A Faux, J M Holt, C Reid, C Bunch, M Lee,
H M Chapel

Abstract
Aims-A series of patients with myeloma
were investigated to assess whether im-
munological risk factors predisposing to
serious infection could be identified.
Methods-Patients (n= 102) with pre-
dominantly plateau phase myeloma were
monitored prospectively for infections.
Immunological parameters including total
non-paraprotein immunoglobulins and
specific antibody titres were measured in
all patients and compared with a control
population ofhealthy individuals ofa sim-
ilar age; response to immunisation with
Pneumovax II, tetanus and diphtheria
toxoids and IgG subclasses were measured
in a subgroup of 41 patients. Other char-
acteristics investigated for any association
with infection included age, sex, para-
protein type, disease stage, and chemo-
therapy.
Results-Specific antibody titres to pneu-
mococcal capsular polysaccharides and
tetanus and diphtheria toxoids were sig-
nificantly reduced compared with the con-
trol population. Low antipneumococcal
and anti Escherichia coli titres correlated
with risk ofserious infection and low anti-
pneumococcal titres with severity of non-
paraprotein immunosuppression. In 41
immunised patients responses to Pneu-
movax II, tetanus and diphtheria toxoids
were poor; IgG subclass levels were sig-
nificantly reduced and a poor IgG response
to Pneumovax II immunisation was as-
sociated with an increased risk of sep-
ticaemia and low IgG2 levels. The overall
serious infection rate was 0'92 infections
per patient year and was four times higher
during periods of active disease (1.90)
compared with plateau phase myeloma
(0.49). The predominant site of infection
was the respiratory tract. Clinical and
laboratory parameters showed only male
sex and reduced non-paraprotein IgG and
IgA levels to be significantly associated
with at least one serious infection.
Conclusions-A subgroup ofpatients with
myeloma with poor IgG responses to exo-
genous antigens, who are at increased risk
of serious infection, can be identified and
may benefit from replacement immuno-
globulin therapy to reduce the risk of in-
fection.
(J Clin Pathol 1995;48:260-266)

Keywords: Plateau phase myeloma, risk factors, in-
fection.

Most patients with myeloma have an acquired
polyclonal hypogammaglobulinaemia, the aeti-
ology of which remains obscure. The precise
significance and nature of this antibody de-
ficiency in relation to infection is not defined
although extrapolation from primary hypo-
gammaglobulinaemia, where the risk of bac-
terial infection at almost any site is considerably
increased, suggests a direct correlation. Im-
paired cell mediated immunity is also important
in susceptibility to fungal and viral infections,
but these are relatively uncommon in myeloma
patients' and so T cell defects may be less
clinically significant. There is no clear cor-
relation between immunosuppression and
tumour mass; the contribution of chemo-
therapy to infection, particularly through neu-
tropenia, is also unclear.2 Immunisation
responses are also impaired,3 although no cor-
relation with infection has been demonstrated.

Infection has been recognised as a frequent
and serious complication in patients with my-
eloma since the original description of the dis-
ease. Studies over the past 40 years have
demonstrated a high but variable incidence of
bacterial infection."A In 1973 Twomey and
Houston reported a 15-fold increase in the
incidence ofinfection in patients with myeloma
compared with an aged matched control
group.' They found that infecting organisms
were predominantly Gram positive bacteria,
but in recent years the pattern of infecting
organisms has altered to include more Gram
negative infections.'
Chemotherapy regimes for myeloma have

varied in both intensity and duration between
studies, and their contribution to infection has
proved difficult to estimate. No studies have
looked at possible predictors of infection pro-
spectively, though prognostic factors for sur-
vival have been studied extensively.6

This prospective study was undertaken to
determine the present rate and pattern of in-
fection in patients with plateau phase myeloma
in the United Kingdom and to identify im-
munological parameters predictive of infection
risk. Attempts were made to define subgroups
of patients at particular risk by investigating
associations between infection and humoral
immunity (including specific antibody titres
and IgG subclass levels), neutrophil counts,
and immunisation responses (in a subgroup of
subjects). In addition, age, sex, paraprotein
type, disease stage characteristics (stage, per-
formance status, presence of urinary free light
chains, haemoglobin and creatinine con-
centrations), and treatment with chemotherapy
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Table 1 Classification of infection by severity

Major* Septicaemia (culture positive)
PUO (fever >39.5°C: culture negative)
Meningitis
Pneumonia (with x ray evidence)

Moderate* URTI complicated by secondary bacterial infection
Acute bronchitis (not requiring hospital admission)
Pleurisy
UTI (culture positive or >100 pus cells/hpf)
PUO (feverk38-50C but <39-5°C: culture negative)
Skin abscess/cellulitis
Localised herpes zoster

Minor* Uncomplicated URTI
Minor skin infection
UTI (30-100 pus cells/hpf: culture negative)

* Serious infection = major + moderate infections; PUO =pyrexia of unknown origin; URTI =
upper respiratory tract infection; UTI = urinary tract infection; hpf=high power field.

were examined to determine whether any cor-
relation with infection could be shown.

Methods
The criteria used for the definition of myeloma
were those of the Medical Research Council.7
All patients attending routine outpatient clinics
in Oxford and Harrow were invited to enter
the study; no patient refused. From March
1987 to September 1989, 102 patients with
myeloma were recruited. Of these patients, 84
had established disease (in different phases).
The average time from diagnosis was 30 5
months (median 23 months) with 19 long term
survivors (more than 48 months). Eighteen
new patients were entered as soon as the diag-
nosis was confirmed. Patients were monitored
for infections for a period of between one and
25 months before consideration for im-
munisation. A subgroup of 41 patients selected
by disease stability (to permit adequate follow
up) and willingness to participate in further
investigations, were subsequently immunised
with Pneumovax II and tetanus and diphtheria
toxoids. Following immunisation, patients
were removed from the infection monitoring
part of the study. A control population of
healthy elderly individuals with a similar age
and sex distribution to the patients (62 vo-
lunteers, aged 55-90 years) was used for com-
parison of spontaneous specific antibody titres,
total immunoglobulin and IgG subclass levels.
Ethical Committee approval was obtained from
the local ethical committees for the monitoring
of infections and detailed immunological as-
sessment including immunisation, and for the
collection of specimens from the control popu-
lation. All patients were required to sign a
consent form on entry to the study, and those
subsequently immunised completed another
consent form before immunisation.

INFECTION MONITORING AND CLASSIFICATION
Details of diagnosis, treatment and history of
past infection since diagnosis were obtained on
entry to the study from the patient and the
hospital records. Patients kept a daily diary of
any symptoms suggestive of infection. They
were followed every four weeks in the out-
patient clinic when diary charts were reviewed

and details ofdisease symptoms, chemotherapy
and any infection, however trivial, were re-
corded. At this time, blood samples were taken
for full blood count (including neutrophil
count), routine biochemistry and immuno-
globulin, paraprotein, and beta-2-micro-
globulin measurements. Immunosuppression
was defined as non-paraprotein immuno-
globulin concentrations below the laboratory
lower limit of normal (IgG < 6 g/dl; IgA <
0-8 g/dl; IgM < 0-4 g/dl). All patients admitted
to hospital with an infection were visited and
full details of the episode, including neutrophil
count, C-reactive protein concentration and
any microbiological culture recorded.
Each infection was classified as bacterial,

viral, fungal or unknown, on consideration of
clinical, radiological and laboratory findings.
The latter included relevant microbiological
culture, polymorph neutrophil leucocytosis
(greater than 90% neutrophils on white cell
count differential) and raised C-reactive pro-
tein concentration (greater than 5 mg/dl). In-
fections were divided into major, moderate or
minor; serious infections comprised all major
and moderate infections (table 1).

IMMUNOLOGICAL INVESTIGATIONS
Serum was collected on entry to the study for
measurement of specific IgG antibody titres to
four extrinsic antigens: tetanus and diphtheria
toxoids (toxoid vaccines used as antigen),
pneumococcal capsular polysaccharides (using
Pneumovax II vaccine (MSD) containing 23
capsular types as antigens) and Escherichia coli
lipopolysaccharide (LPS) (E coli 026.B6 LPS
(Sigma) as antigen). In the 41 patients who
were immunised specific IgG antibody titres to
tetanus and diphtheria toxoids and Pneumovax
II polysaccharides were also measured before
and four weeks after immunisation. All specific
antibody titres were measured by enzyme
linked immunosorbent assay (ELISA): the
method used for tetanus, diphtheria and E coli
antibody measurements was identical with that
previously described for antipneumococcal
antibody measurement8 using the antigens out-
lined above. A National Institute for Biological
Standards standard was used for tetanus (hence
measurements presented as international units
(IU)). No standards were available for the other
antibodies and thus arbitrary scales in "units"
were established. IgG subclasses were meas-
ured by radial immune diffusion (Binding Site
monoclonal IgG subclass RID plates (IgGI, 2,
3 and 4)).

DEFINITION OF IMMUNISATION RESPONSES
Immunisation responses were classified as
poor, intermediate or good on the basis of the
difference between the pre- and post-
immunisation IgG antibody titres. Good re-
sponders showed an increase of at least twofold
as well as a postimmunisation titre reaching a
preset minimum value based on the normal
range for age calculated from the baseline res-
ults obtained in the control population. Poor
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responders showed no difference between pre-
and postimmunisation titres; intermediate re-

sponders failed to produce an adequate enough
response to be included in the good response
group.

INFECTION TIMING AND PREDICTORS

Disease progression was divided into four
phases, based on the Medical Research Council
definition of plateau phase in myeloma.9 All
newly diagnosed patients were designated as

being in induction phase. Plateau phase was

defined as minimal disease symptoms or

asymptomatic patients with stable paraprotein
and beta-2-microglobulin measurements over

three months. Patients neither in induction nor

plateau phase were defined as having either
relapsed disease if receiving chemotherapy for
recurrence of symptoms or progressive disease.

Infection rates were calculated by dividing
the recorded number ofinfections by the length
of the observation period (in patient years);
this was done for all infections and serious
(major and moderate) infections. Episodes of
infection were grouped by month ofoccurrence
to ascertain seasonal variation. Disease phase
was noted at the time of each serious infection
to investigate whether there was clustering of
infection in a particular phase and infection
rates were calculated separately for induction,
plateau and relapsed/progressive disease
phases.
To study possible predictors of serious in-

fection, patients were divided into two groups:

those inwhom serious (major and/or moderate)
infections were recorded and those with only
minor infections or none at all during the study
period. In addition to the immunological para-
meters already described, other patient and
disease characteristics were also compared be-
tween these two groups; these included age,

sex, paraprotein type, disease stage, per-
formance status, the presence of free urinary
light chains, and type of chemotherapy regime
received, if any, at the time of the infection.
Absolute neutrophil counts were also examined
in relation to disease phase, chemotherapy and
occurrence of serious infection. Infections re-

corded retrospectively (before the start of the
study) were included in the analysis only where
there was good documentary evidence of in-
fection; their inclusion has been specified in
the results.
The extent of disease was staged as described

by Durie and Salmon.10 Performance status
was assessed at diagnosis and on entry to the
study, employing the four categories used in

current Medical Research Council Myeloma
Trials, namely asymptomatic, minimal disease
symptoms, restricted activity due to disease,
and bedbound."

CHEMOTHERAPY REGIMES

These were divided into four groups: none,
oral alkylating agents only (for example, in-
termittent pulsed melphalan in conventional
dosage (7 mg/m2)), combined oral/intravenous

conventional dose combination regimes (in-
cluding ABCM (Adriamycin, BCNU, cy-
clophosphamide, melphalan) and VCMP/
VBAP (vincristine, cyclophosphamide, mel-
phalan, prednisolone/vincristine, BCNU,
Adriamycin, prednisolone)) and intensive
conditioning regimes (including VAD (vin-
cristine, Adriamycin, dexamethasone) or

VAMP (vincristine, Adriamycin, methyl-
prednisolone) and high dose melphalan
(140 mg/m2)).

STATISTICS
All qualitative data (for example, proportion of
infections in different seasons of the year) were

analysed by the usual x' test; if only two cat-
egories were involved, a correction for con-

tinuity was used. Quantitative data were

compared between the two groups of patients
(with and without serious infections) by the
two-sample t test using a logarithmic trans-
formation to achieve normality as required.

Stepwise regression analysis was used to
identify a set of predictors for the presence of
serious infection. Logistic regression analysis
was employed to establish the actual regression
equation relating infection to this prediction
set."2

Results
The patients (n= 102) were observed pro-

spectively for a total of 84-8 patient years; 78
episodes of serious infection occurred in 49
patients during this period. The mean ob-
servation period for each patient was 10 months
with a range of one to 25 months. The overall
serious infection rate was 0-92 infections per

patient year including infection related deaths
(table 2).

SPECIFIC ANTIBODY LEVELS

Levels of specific IgG antibodies were sig-
nificantly lower in patients with myeloma
compared with the control population for

Table 2 Infections by seveity, site and type

Infection class No. of infections

Minor 94

Moderate 45
respiratory tract (B) 19
urinary tract (B) 10
PUO (U) 2
skin (B) 2
herpes zoster (V) 6
other (U) 6

Major 22
septicaemia (B) 5
PUO/other (U) 3
meningitis (B) 0
pneumonia (B) 14

Resulting in death 11
septicaemia (b) 5
pneumonia (b) 6

Total serious infections 78

Serious infection rate* 0.92

Infection type: B =bacterial; U=unknown; V =viral; PUO=
pyrexia ofunknown origin. *Major and moderate infections per
patient year.
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Table 3 Spontaneous specific IgG antibody titres (results represented as median (range))

Pneumococcal
Patient group polysaccharides (U/ml) E coli LPS (U/ml) Tetanus (IU/ml) Diphtheria (U/ml)

Controls (n=62) 63 (0-241) 11 (0-100) 0-40 (0-1-3) 8 (1-122)
Myeloma

all (n= 102) 12 (0-241) 5 (0-93) 0-05 (0-1-3) 2 (0-72)
serious infections (n=49) 12 5 0-06 3
no serious infections (n=53) 11 5 0 04 2

antitetanus (p<0-0001), antidiphtheria (p=
0-0022) and antipneumococcal antibodies
(p<0-0001). Anti-E coli LPS antibodies were
reduced but the difference was not statistically
significant (table 3). Fifteen patients had low
levels (<2 SD below the mean for controls (on
a log scale) ofboth antipneumococcal and anti-
E coli spontaneous antibody titres and at least
one serious infection since diagnosis; this com-
pared with only two patients with such low
titres who had no serious infections (p = 0-035).
Fifty nine patients had low levels (< 1 SD below
mean for controls (on a log scale) of anti-
pneumococcal antibodies and immuno-
suppression compared with only 13 patients
with low antipneumococcal titres and no im-
munosuppression (p = 0-008). Patients with an
IgG papaprotein (n= 63) showed significantly
lower antipneumococcal IgG antibody titres
compared with patients with IgA or light chain
only paraproteins (p = 0-0058).

IMMUNISATION RESPONSES
Overall response to immunisation was poor;
38% patients failed to produce any IgG re-
sponse to Pneumovax II and 35% and 60%
to tetanus and diphtheria toxoids, respectively
(table 4). There was an association between a
poor immunisation response to Pneumovax II
and a septicaemic episode recorded since diag-
nosis (retrospective infections included); five
of 22 patients with poor or intermediate im-
munisation responses had had septicaemia
compared with none of the 18 good responders

Table 4 Immunisation responses (IgG specific antibodies) in 41 immunised patients
No senous infectons One or more serious infections*
(n= 17) (n= 24)

Antigen Good Poor** Good Poor"

Pneumovax II (n=40) 9 8 9 14
Tetanus (n=40) 10 7 12 11
Diphtheria (n=40) 6 11 8 15

* Includes retrospectively defined infections (with good documentary evidence).
** Includes poor and intermediate immunisation responses.
One patient missed immunisation with Pneumovax and another with diphtheria/tetanus.

Table 5 IgG subclass levels (gll) (results represented as median (range))
Patient group IgGI (g/l) IgG2 (g/l) IgG3 (g/l) IgG4 (g/l)

Laboratory normal range
Controls (n = 24)

4-22-12-92 1-17-7-47 041-1-29
5-20 3-59 0-80
(208-9 58) (1-45-5-84) (0-33-1-42)

0-2-91
0-42 (0-1-22)

Myeloma
all (n=41) 3 00 (0-600) 0-52 (0-3-7) 0-19 (0-1-2) 0-05 (0-0-9)
serious infections (n=24*) 2-20 0-52 0-19 0-04
no serious infections (n= 13) 3-10 1-30 0 40 0-12

Includes only non-paraprotein IgG subclass levels (where the paraprotein was IgG, measurement
of the paraprotein subclass was excluded).
* Includes well documented retrospective infections in nine patients.

(p=0 03), although there were no such as-
sociations for other infections including pneu-
monia, upper respiratory tract infection or her-
pes zoster infection. Poor response to
Pneumovax II was not significantly associated
with a poor response to tetanus or diphtheria
toxoids nor with disease stage or performance
status at either diagnosis or study entry.

IGG SUBCLASS LEVELS
IgG subclass levels were measured in the 41
immunised patients and were universally re-
duced compared with a subgroup ofthe control
population (n = 24). IgG2 concentrations were
significantly inversely correlated with post-
immunisation antipneumococcal antibody
levels (p<0-001). There were no similar as-
sociations for antidiphtheria or antitetanus
titres or with other IgG subclasses. Low IgG2
and low IgA levels also showed a significant
correlation in those patients in whom the para-
protein was IgGl, IgG3 and light chain
(p<0-001; IgA and IgG2 myelomas excluded).
Levels of all non-paraprotein IgG subclasses
were significantly lower in patients with IgG
paraproteins when compared with those with
IgA/light chain only paraproteins (p=0 005).
There were no significant differences in IgG
subclass measurements between the two groups
of patients with and without serious infections
(table 5).

INFECTION SEVERITY, SITE AND TYPE
Of the 78 episodes of serious infection which
occurred during the study, there were 33 epi-
sodes of major infection (including 11 in-
fections at the time of death) and 45 episodes
of moderate infection. Ninety four episodes of
minor infection were recorded in 48 patients
during the same period. There were 31 deaths
during the study period; infection was con-
sidered to be a contributory factor in 11. Most
infections originated in the respiratory tract;
14 of 22 (64%) major infections, 19 of 45
(42%) moderate infections and six of the 11
(55%) infections at the time of death (table
2). Twenty two patients suffered two or more
serious infections (four patients had three or
more serious infections) but infections were
not confined to a single site nor was there
incomplete resolution of individual infections
to suggest relapsing infection.
Nineteen of 22 major infections, 31 of 45

moderate infections and all of the 11 infections
at the time of death were classified as bacterial
in origin, although positive bacterial cultures
were obtained in only 10 major, 10 moderate
and five infective deaths. The predominant
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Table 6 Patient and disease characteristics in relation to serious infection

Characteristics examined No serious infections Serious infections p value

Number of patients 53 49

Sex
male 22 33
female 31 16 0-01

Age
<70 years 34 28
>70 years 19 21 NS

Disease stage
I 8 4
II 17 11
III 28 34 NS

Performance status
asymptomatic 28 13
minimal symptoms 24 27
restricted activity 1 6
bedbound 0 3 0007

Chemotherapy (since diagnosis*) (n =36*) (n=66*)
none 1 2
oral alkylating agent 22 40
combination regimes 13 24
intensive** 2 10 NS

Immunosuppression: mean (median) immunoglobulin level (g/l) at study entry
serum IgG (range 1 2-10-2) 6-79 (6-1) 3 78 (4-11) <0-0001
serum IgA (range 0-2 6) 1-20 (0 40) 0 36 (0 30) <0-0001
serum IgM (range 0-3-1) 0-46 (0.30) 0-45 (0-30) NS

** All had previously received alkylating agents or combination regimes.

organisms isolated were Streptococcus pneu-
moniae (10/11 Gram positive isolates) and E
coli (nine of 14 Gram negative isolates). The
other infections included known viral infections
(six due to herpes zoster virus) and five which
were classified as "pyrexia of unknown origin".
Infections at the time of death were excluded
from further analysis where stated as all patients
had end stage disease at the time of death
and the relative contributions of infection and
myeloma to death were impossible to assess.

TIMING OF INFECTION
The infection rate during induction chemo-
therapy was 1 58 serious infections per patient
year (21 infections in 13-3 years of observation)
compared with 0-49 in plateau phase (27 in-
fections during 55-7 years) and 1-90 during
relapsed/progressive disease phase (30 in-
fections during 15-8 years). The rates during
both induction and relapsed/progressive dis-
ease were significantly higher than the infection
rate in plateau phase (both p<0 001). Forty five
(58%) patients had received specific myeloma
chemotherapy within 28 days before the onset
of a serious infection, whereas 33 (42%) had
not received any such treatment before sus-
taining a serious infection. Only two patients
demonstrated absolute neutrophil counts of
less than 1000 x 106/1 in relation to serious
infection so further analysis was not possible.
There was no significant seasonal variation in
the number of serious infections occurring in
any three month period.

PREDICTORS OF INFECTION
Patient and disease characteristics were ex-
amined in the two groups of patients with
and without serious infections (infections in
association with death were excluded). Non-
paraprotein serum IgG and IgA levels at entry

were both significantly reduced in patients with
compared with those without serious infections
(p<0.001). No such differences were dem-
onstrated for serum IgM levels. There were
more men than expected in the group with
serious infection; the serious infection rate in
men was 1 00 infections per patient year, twice
the rate of 0-53 in women (p=0 02). In an
attempt to account for these differences, smok-
ing habits were analysed and showed that sig-
nificantly fewer men than women had never
smoked (18 men compared with 29 women:
p = 0 003). There were no significant differ-
ences between the serious infection groups for
the other parameters examined (table 6).

Discussion
Previous studies of infection rates in myeloma
have suggested an association between in-
fection and specific myeloma chemotherapy.
Savage et al2 found that 57 of 64 infective
episodes in patients with advanced disease oc-
curred after chemotherapy but there was no
temporal association between neutropenia and
infection. Active disease, as reflected by para-
protein level, was a risk factor. Our study was
primarily concerned with patients with rel-
atively stable, predominantly plateau phase dis-
ease receiving low dose or no chemotherapy
(table 6) permitting the influence of other in-
fection risk factors such as immunological de-
ficiencies to be examined. We confirmed that
active disease in patients undergoing chemo-
therapy was significantly associated with serious
infection.
The possible contribution ofpolyclonal hum-

oral immunosuppression to infection in my-
eloma was examined in detail because of its
contribution to susceptibility to infection in
other lymphoproliferative disorders" and the
likelihood that it contributes to bacterial in-
fections of the types described in myeloma.3
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The majority of patients (75%) demonstrated
immunosuppression of at least one non-para-
protein immunoglobulin class. When im-
munosuppression was broken down by
immunoglobulin class, non-paraprotein serum
IgG and IgA levels were significantly lower
in patients who sustained serious infections.
Serum IgM levels failed to show this difference.
No correlation between humoral immuno-
suppression and tumour load (as assessed by
clinical staging) could be identified, a similar
finding to earlier studies.7

Baseline specific antibody titres and IgG sub-
class levels have been suggested to be more
sensitive markers of immunosuppression in
primary immune deficiency'4 and in my-
eloma.'5 We demonstrated noticeably reduced
specific antibody titres and non-paraprotein
IgG subclass levels in patients with myeloma
compared with a healthy control population ofa
similar age. The correlation between increased
infection risk and low antipneumococcal and
low anti-E coli LPS titres confirms the findings
of Stoll et al. 15 IgG antibody responses to im-
munisation were poor in over half the patients
when challenged with either tetanus or diph-
theria toxoids (both protein antigens) or poly-
saccharide pneumococcal capsular antigens as
shown previously,'6 although this had not been
related to infection in the past. The significant
association between poor antibody responses
to pneumococcal antigens and an increased
risk of septicaemia (p = 0 03) and a similar, but
not significant, trend for other serious in-
fections suggest that patients at particular risk
of serious infection can be identified. Fur-
thermore, the significant association between
low IgG2 levels and poor pneumococcal IgG
antibody responses on the one hand and low
serum IgA levels on the other indicate that
selective immunosuppression, particularly of
IgG responses to carbohydrate antigens, may
account for this increased susceptibility to bac-
terial infections.

Infection clustering at the time of initial my-
eloma diagnosis has been suggested which may
be because of a number of factors including
high tumour load, anaemia, compromised renal
function, hypercalcaemia, initial chemo-
therapy, or a combination of these factors.24
These factors are also likely to be interacting
at times ofdisease relapse. We examined timing
of infection by investigating the phase of the
disease in which serious infection occurred.
The rate was highest during initial induction
chemotherapy or during progressive disease,
when it was increased fourfold compared with
the rate during plateau phase. Nevertheless, a
reasonable proportion of infections still oc-
curred in plateau phase.

Factors other than humoral immunity were
studied in relation to infection risk. Chemo-
therapy regimes have been suggested as im-
portant but almost half of the patients who
suffered serious infections had not received
chemotherapy within 28 days before their in-
fection. Furthermore, there was no significant
increase in the proportion of patients receiving
aggressive chemotherapy who sustained serious
infections compared with those with no serious

infections. Likewise neutropenia (less than
1000 x 1 O6 neutrophils per litre) was seen only
twice in association with serious infection and
patients who suffered serious infections did
not have significantly lower neutrophil counts
compared with patients who had no serious
infections. The lack of any significant direct
correlation between chemotherapy, neutrophil
counts and infection is not surprising in this
group of patients with disease in plateau phase.

Previous studies of infection in myeloma
have been retrospective and relied heavily on
positive microbiological culture. Our data
showed an overall rate of0-92 serious infections
per patient year which is consistent with earlier
data (reported rates between 0-8 and 2-22 in-
fections per patient yearl") and considerably
higher than the rate in age matched patients
in hospital for other reasons.' Breakdown of
infection by site showed a predominance of
serious infections affecting the respiratory tract,
followed by urinary tract infection, septicaemia,
and other pyrexias of unkown origin,' 3 similar
to earlier studies. Bacterial skin infections were
not observed frequently, although localised
herpes zoster was more frequent than in earlier
studies perhaps because of the high number of
long term survivors included in this study. The
low rate of positive bacterial culture precluded
any comment on changing patterns of infecting
organisms; isolates were predominantly Spneu-
moniae and E coli, the organisms chosen for
measurement of specific antibody titres. There
was no seasonal variation in infection despite
the high proportion of respiratory tract in-
fections.
Examination of patient characteristics re-

vealed only male sex to be associated with a
significantly increased risk of infection. This is
in accordance with the finding ofshorter disease
survival in men;' an increased infection rate
as the cause for shortened survival has not been
investigated. Analysis ofsmoking habits proved
unhelpful in predicting infection risk despite
the predominance ofrespiratory tract infections
although it may have explained, at least in part,
the increased risk of infection in men. Disease
characteristics were also unhelpful in predicting
infection; neither paraprotein type, disease
stage nor presence of urinary free light chains
proved to be significant predictive factors. Per-
formance status did show an association, with
the more symptomatic patients sustaining more
serious infections, confirming the findings of
the disease phase analysis. Creatinine and hae-
moglobin concentrations were examined in
isolation to investigate their individual con-
tributions as distinct from their combined effect
on disease staging, but no significant as-
sociations were identified.

In conclusion, this study, largely confined
to patients with plateau phase myeloma, shows
a continued increased risk ofbacterial infection,
independent of chemotherapy and associated
with poor IgG antibody production. Those at
greatest risk can be identified by their poor IgG
response to Pneumovax II immunisation in
addition to low levels of naturally occurring
antibodies to pneumococcal capsular poly-
saccharides and E coli LPS. This group of
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patients might be expected to benefit from
regular, prophylactic replacement intravenous
immunoglobulin containing the deficient anti-
bodies to reduce their risk ofinfection. A double
blind, placebo controlled study investigating
this aspect of infection in myeloma has recently
been reported and has shown a significant pro-

tective effect.'8
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