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Immunogenicity of vaccination against influenza,
Streptococcus pneumoniae and Haemophilus influenzae
type B in patients with multiple myeloma

JD Robertson 1, K Nagesh 1, SN Jowitt 1, M Dougal 1, H Anderson 1, K Mutton 2, M Zambon 3 and JH Scarffe 1

1Christie Hospital NHS Trust, Withington, Wilmslow Road, Manchester M20 4BX, UK; 2Public Health Laboratory Service, Withington Hospital, Manchester, UK;
3Central Public Health Laboratory, Colindale, London, UK

Summary Vaccination against influenza and Streptococcus pneumoniae is recommended for elderly and immunocompromised individuals.
However, there is little information concerning the efficacy of vaccination in specific groups of patients. In this study, 52 patients underwent
vaccination against influenza, S. pneumoniae and Haemophilus influenzae type b (Hib) as they attended hospital outpatient clinics. Serum
was analysed prior to vaccination and 4–6 weeks afterwards. Antibody titres against S. pneumoniae and Hib were compared with reference
values corresponding to the geometric mean titres of a healthy UK population. For influenza vaccination, haemagglutination inhibition (HI)
titres were measured against three inactivated strains; a titre of ≥ 1/40 was considered protective. No patient had protective titres to all three
antigens prior to vaccination and 41 patients (85%) had titres < 1/40 to all 3 strains. Post vaccination only 9/48 patients (19%) achieved
protective antibody titres. Resistance to S. pneumoniae and response to Pneumovax II was also poor: prevaccination, 45 patients (93%) had
suboptimal antibody titres and in 26/43 patients (61%) titres remained low post vaccination. Resistance to Hib and response to vaccination
was comparable with the healthy adult UK population. These results question the practice of routine influenza and pneumococcal vaccination
in myeloma patients. © 2000 Cancer Research Campaign
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Multiple myeloma accounts for approximately 10% of all hae
tological malignancies. It is a clonal proliferation of plasma c
In 98% of patients there is a detectable paraprotein (a monoc
immunoglobulin heavy chain and/or light chain) in the blood
urine. Normal immunoglobulin levels and the ability to moun
humoural response to infection or vaccination are reduced (F
et al, 1963). In addition, chemotherapy-induced suppression 
bone marrow and immune system, depression of circul
CD19+ cells, impaired renal function, immobility and, late in 
disease, defective cell mediated immunity all contribute to
increased risk of infection in these patients (Deresinski 
Stevens, 1974; Norden, 1980; Luque et al, 1998). In the 
stages and plateau phase bacterial infections with common o
isms such as Streptococcus pneumoniae, Haemophilus influen
and Escherichia colipredominate (Savage et al, 1982). During
terminal stage of the disease and following chemotherapy or
marrow transplantation the range of infections increases
includes viruses and fungi (Ringden, 1997). The use of prop
actic agents such as co-trimoxazole, oral antifungal prepara
and acyclovir has become standard supportive therapy an
reduced the incidence of infection associated with modern 
ment regimens. Despite this, infection remains the leading c
of death in patients with this disease.
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We have undertaken a pilot study in 52 patients with mul
myeloma in order to: (i) estimate the degree of susceptibili
this population to infection with S. pneumoniae, H. influenzaetype
b (Hib) and influenza virus and (ii) measure the serolog
response to three vaccines administered simultaneously.

MATERIALS AND METHODS

Patient characteristics

Ethical approval was obtained before commencing this s
Patients attending the weekly myeloma outpatient clinic a
Christie Hospital during October and November 1997 w
offered vaccination against influenza, S. pneumoniaeand H.
influenzaetype b (Hib). Exclusion criteria were allergy to e
previous influenza vaccine within 6 months, and previous p
mococcal vaccine within 5 years. Written informed consent 
required and patients were able to choose whether to receive
some of the offered vaccines. The vaccines used in the study
Fluvirin (Evans Medical) containing inactivated A/Singapore/6
(H1N1), A/Wuhan/359/95 (H3N2) and B/Beijing/184/9
Pneumovax II (Pasteur-Merieux), a 23-valent vaccine; and A
HIB (Farillon). All were administered as deep subcutaneous i
tions at separate sites according to manufacturers’ instruc
Patients were asked to report adverse reactions to vaccinatio

Fifty-two patients (30 male, 22 female) were recruited. 
median age was 55.4 years (range 31.8–76.4 years). Thirty
patients had IgG myeloma, six IgA, one IgD, one systemic
amyloidosis, four Bence Jones myeloma and one non-sec
1261
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Table 1 Response to Pneumovax II (total IgG). A protective titre is defined
as ≥ 1/640, the geometric mean titre of the normal adult UK population

Pre-vaccination Post-vaccination 
(n = 48) (n = 43)

Protective antibody titre 3 6% 17 39%
Suboptimal antibody titre 45 94% 26 61%
Titre below 10th percentile 31 70% 13 30%
Fourfold increase in titre 24 56%
Geometric mean titre 1/53 1/287

Table 2 Response to ACT-HIB.

Pre-vaccination Post-vaccination 
(n = 46) (n = 44)

Protective antibody titre 21 46% 33 75%
Suboptimal antibody titre 25 54% 11 25%
Titre < 0.15 µg l–1 1 2% 0
Geometric mean titre (µg l–1) 1.06 2.6
Four fold increase in titre 18 41%

A protective titre is defined as ≥ 1.02 µg l–1, the geometric mean titre of the
normal UK adult population. The minimum protective level is 0.15 µg l–1
myeloma. Eight patients had white blood cell counts be
3.0 × 109 l–1 on the day of vaccination. The median granuloc
count of these eight patients was 1.6 × 109 l–1. Thirty-five patients
had normal levels of polyclonal IgG (local normal range
16 g l–1) and 17 patients had levels below 8 g l–1 on the day o
vaccination. In cases of IgG myeloma, this was calculate
subtracting the paraprotein from the total IgG.

Sixteen patients had received chemotherapy within the 
prior to vaccination, seven patients had undergone high
therapy (melphalan/total body irradiation) and autologous pe
eral blood stem cell transplant within the preceding 6 mo
Twenty-one patients were undergoing treatment with interf
α 3 MU three times per week during the course of the study.

Forty-seven patients received all three vaccinations and
patients received two of the three offered.

In order to estimate clinical efficacy of influenza vaccinat
patients were asked to report episodes of upper respiratory
infections and given a swab kit with instructions for taking th
and nose swabs for influenza virology.

Serological methods

Peripheral blood was taken prior to vaccination to estimate 
line serology and at 4–6 weeks following vaccination to mea
any increase in specific antibody titres. Serum was stored froz
–40°C prior to analysis. Anti-capsular polysaccharide antibo
to S. pneumoniaeand Hib were measured by antigen-spec
enzyme-linked immunosorbent assay (ELISA) and radio an
binding assay (RABA) respectively (Hazelwood et al, 1993
the Department of Immunology, City Hospital NHS Tru
Birmingham. Antibodies to the three inactivated influenza str
were assayed by haemagglutination inhibition (HI) (Chakrav
1971) at the Influenza Laboratory, Central Public He
Department, London.

Interpretation of results

Antibody titres to capsular polysaccharide elements of S. pneumo
niaeand Hib for individual patients were compared with refere
values corresponding to the geometric mean titre (GMT) obta
from a healthy UK adult population: 1:640 and 1.02µg ml–1

respectively (Hazelwood et al, 1993). Protective titres w
defined as levels above the GMT for these two organisms. F
three influenza antigens, a HI titre of ≥ 1/40 was considere
protective for each antigen separately (Hobson et al, 1972)
pre- and post-immunization GMTs allowed further estimatio
the population susceptibility and efficacy of vaccination. In o
to calculate the GMT for influenza strains, haemagglutina
titres below the limit of detection of the assay (1/10) were assi
a value of 5 (Lyall et al, 1997). For individual patients respon
vaccination was also determined, a good response being defi
a fourfold increase in antibody titre as a result of vaccina
(Zuckerman et al, 1991). Finally, response to individual vacc
was correlated with a number of clinical variables (age, w
blood cell count, polyclonal IgG level and current immunos
pressive therapy) using the Pearson Contingency Coefficie
contingency coefficient of ≥ 0.4 indicated a probable correlatio
The significance of the correlation was investigated using
Pearson χ2 test.
British Journal of Cancer (2000) 82(7), 1261–1265
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RESULTS

Specific antibodies to S. pneumoniae and response to
vaccination (Table 1)

Prior to vaccination, 3/48 patients (6%) had specific anti-pneu
coccal capsule polysaccharide antibodies at protective 
(defined as titres greater than 1:640, the geometric mean ti
the normal UK population). Thirty-one patients (70%) had ti
below the 10th centile titre of 1:80. Post-vaccination antib
titres were available for 43 patients. Seventeen (40%) ach
protective specific antibodies 4–6 weeks following vaccination
26 (61%), however, suboptimal titres were reached, and i
patients (30%) antibody titres remained below the 10th centi
good serological response to vaccination, defined as achiev
fourfold increase in specific antibodies, was recorded in
patients (56%). The pre- and post-vaccination GMT for the p
lation were 1:53 and 1:286, indicating that this population 
whole has poor antibody levels against S. pneumoniaeeven after
vaccination.

Specific antibodies to Hib and response to vaccination
(Table 2)

Prior to vaccination the antibody titres of the patient popula
(n = 46) against this organism was comparable with re
obtained from the healthy UK adult population. The geome
mean antibody titre was 1.06µg l–1, with 25 patients (54%) havin
suboptimal levels, and only one patient (2%) having < 0.15µg l–1,
the minimum protective level. Following vaccination, paired s
were available for 44 patients. Thirty-three patients (7
achieved protective antibody titres (> 1.0µg ml–1) and the
geometric mean titre increased to 2.6µg ml–1. Eighteen patient
(41%) achieved a good response to vaccination in terms of a
fold increase in antibody titre.
© 2000 Cancer Research Campaign
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Table 3 Response to influenza vaccination

Pre-vaccination Post-vaccination 
(n = 49) (n = 48)

Fully protected 0 9 19%
Protected against 0 strains 41 84% 28 59%
Protected against 1 strains 4 8% 6 13%
Protected against 2 strains 4 8% 5 10%

A protective antibody titre is defined as a reciprocal HI titre of ≥ 40 for each
antigen. Full protection requires protective antibody titres to all three
influenza strains.

Table 4 Pre- and post-vaccination geometric mean titres against three
influenza antigens

H1N1 H3N2 B

Pre-vaccination 5.6 7.2 7.2
Post-vaccination 16.1 20.3 20.6

A titre of over 40 is protective.

Table 5 Association of response to vaccination with clinical variables

Patient variables Response to vaccination

Pneumovax II ACT-HIB Combined influenza
strains

Age < 50 0.158 0.042 0.251
WBC 0.119 0.137 0.274
Serum IgG 0.134 0.077 0.344
Chemotherapy within 7 days 0.161 0.082 0.479
PBSCT within 6 months 0.258 0.431 P = 0.04 0.311
Current interferon therapy 0.047 0.085 0.288

Contingency coefficient values quoted. Values ≥ 0.4 suggest agreement.
P-values quoted for positive associations.
Susceptibility to influenza and response to vaccination
(Table 3)

Prior to vaccination, no patients had protective titres to all t
influenza strains. Forty-one patients (85%) were susceptible 
the strains, four patients (8.3%) had protection from one strain
four patients (8.3%) had protection from two strains. In a hea
adult population, approximately 50% of subjects would 
expected to have protective antibody titres against the 
influenza A strains (H1N1 and H3N2) with slightly lower antibo
titres to influenza B (unpublished data, PHLS).

Following vaccination, paired sera were available for 
patients. Twenty-eight patients (58%) had a poor antib
response (HI < 1/40) to all three antigens. Thirteen (2
patients achieved protective levels against H1N1, 15 pat
(31%) achieved protective levels against H3N2 and 15 pat
(31%) achieved protective levels against influenza B. Ove
six patients (13%) developed protection against one strain
five patients (10%) developed protection against two strains. 
nine patients (19%), however, developed the required prote
titres against all three strains to be considered fully prote
against influenza. The pre- and post-vaccination GMTs for 
strain were low with none exceeding the levels required f
protective response (Table 4).

Association of clinical variables with response to
vaccination (Table 5)

The responses to Pneumovax, combined influenza strains
vaccination against Hib were correlated with a number of varia
using the Pearson Contingency Coefficient as a measure of a
ment. The variables tested were: age, white blood cell c
serum polyclonal IgG level, administration of chemother
within a week prior to vaccine, treatment with high-d
chemotherapy and autologous peripheral blood stem cell t
plant within 6 months prior to vaccine and current treatment 
interferon α. Two variables were identified which had possi
associations with response to vaccination: undergoing stem
© 2000 Cancer Research Campaign
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transplantation within 6 months pre-vaccination correlated w
poor response to Hib vaccine (contingency coefficient 0.431,P =
0.04) and receiving chemotherapy within 7 days pre-vaccina
correlated with a poor response to influenza vaccination (co
gency coefficient 0.479, NS).

Clinical efficacy

No serious adverse reactions to vaccination were reported
patients reported upper respiratory tract symptoms and sent
and throat swabs for virus detection during the study pe
(October 1997–January 1998). No cases of influenza 
confirmed.

DISCUSSION

The policy of the UK Department of Health is to offer ann
influenza vaccination as a routine to people with underly
diseases that put them at special risk from this infection (HM
1996). This is based on good epidemiological evidence that im
nization of those most at risk reduces hospital admissions
deaths (Ahmed et al, 1995). Similarly, pneumococcal vaccina
is recommended for patients over 2 years of age in whom pne
coccal infection is likely to be ‘more common and/or dangero
(HMSO, 1996). However, there is little information concerning
efficacy of these vaccinations in patients with different type
malignancies, whose degree of immune suppression and exp
to cytotoxic drugs varies widely and may affect their ability
mount an immune response. This is especially difficult in the 
of pneumococcal vaccination, where there is controversy a
what constitutes the optimum protective antibody level, and 
body responses to only a few of the 23 capsule polysaccha
are measured. In addition there is little information concer
the duration of humoral response to vaccination especial
immunocompromised individuals.

There are no recommendations for Hib immunization in ad
and data concerning the susceptibility of immunocomprom
populations to infection with this encapsulated organism is sc
Co-administration of the vaccines at different sites is safe
immunogenic (Honkanen et al, 1996).

In a healthy adult population up to 50% of people have pro
tive titres to circulating influenza A strains and slightly less
influenza B strains (unpublished data, PHLS). Following vacc
tion, over 70% achieve protective titres against two or three st
(Lorio et al, 1989). Of 48 myeloma patients, only two (4%) 
British Journal of Cancer (2000) 82(7), 1261–1265
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1264 JD Robertson et al
protective titres to one influenza A strain and three (6%) 
protective titres to influenza B pre-vaccination. The popula
studied is thus highly susceptible to influenza infection. In te
of achieving protective levels of antibodies within 6 weeks,
results of vaccination were disappointing with only 14 patie
(29%) achieving protection against two or more strains. Poor 
body responses to influenza vaccination have also been repo
heart transplant patients (Admon et al, 1997). In lung ca
patients, however, the response to influenza vaccine was
(Anderson et al, 1999) and in children with acute lymphobla
leukaemia, titres of ≥ 1/40 were found in over 68% of patients
months after immunization (Brydak et al, 1998). In this gro
serological responses were higher in samples taken at 6 m
post-vaccination compared with those from samples taken
weeks post-vaccination; we intend to further investigate 
phenomenon in the myeloma patients. One small random
study investigated clinical efficacy of influenza vaccination
myeloma patients, using the end point parameters of inciden
upper respiratory tract infections and number of hospital ad
sions during the study period (Musto and Carotenuto, 1997).
authors concluded that influenza vaccine was effective
myeloma patients although no serological analysis was ca
out. In our population, no confirmed cases of influenza w
recorded. However, there was only very mild influenza activit
the UK during the winter of 1997–8 (Dedman et al, 1998), 
therefore the trial was not really a measure of efficacy. Ther
no data on the efficacy of two-dose influenza vaccines in mye
patients but improved responses have not been shown in 
patient groups (Miotti et al, 1989; Iorio et al, 1997). Interestin
the addition of a third dose improved antibody responses in 
transplant patients (Admon et al, 1997).

The degree of susceptibility of our population to infection w
S. pneumoniaeis well demonstrated by the finding that 72%
patients had prevaccination titres below the 10th percentile o
normal adult cohort. The response to vaccination was again d
pointing; although 56% developed a fourfold increase in antib
titre, the geometric mean titre remained low and 30% of pat
still had antibody titres below the 10th percentile. It is likely t
such poor responses to vaccination will also be poorly susta
Larger studies are required in myeloma patients and in o
immunosuppressed groups to address the issue of revaccin
Pneumovax II is intended to be efficacious for 10 years and, u
current recommendations, the patients would not be revacci
within 6 years. Repeat vaccination seems to be safer than 
ously thought, however, and would seem desirable (Jackson
1999).

Exposure and specific immunity to Hib was comparable to
healthy adult population and there would seem to be no indic
for introducing this form of vaccination in these patients.

Some investigators have reported associations bet
response to vaccination and patient age (Sullivan et al, 1990
serum IgG level (Gribabis et al, 1994). In this study, small pa
numbers precluded detection of significant associations bet
response to vaccination and the variables considered but r
chemotherapy and autologous peripheral blood stem cell t
plant showed positive correlation for poor responses. It is 
documented that antibody responses are poor within 2 yea
transplant (Parkkali et al, 1996) and generally recommended
vaccinations be given at least 2 weeks prior to chemothera
around 6 months after completion of treatment.
British Journal of Cancer (2000) 82(7), 1261–1265
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CONCLUSIONS

This study confirms that patients with multiple myeloma 
susceptible to infection with S. pneumoniaeand influenza and
demonstrate impaired ability to mount a good humoral respon
vaccination. In particular, the extremely poor response to influ
vaccination calls into question the policy of vaccinating pati
with myeloma using a conventional single-shot influenza vac
This small study was unable to address many other clinical 
ables that will be of relevance such as vaccination respons
MGUS (monoclonal gammopathy of uncertain significance
untreated myeloma, and in early versus late disease. Our fin
highlight the need for many more studies to further define hum
and cellular vaccination responses in terms of clinical effic
magnitude and duration of response in order to define sui
immunization protocols for patients with multiple myeloma. N
adjuvants for vaccines and new vaccine delivery systems
offer some hope of enhancing immunopriority in some group
immunosuppressed individuals.
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