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Purpose: Patients with monoclonal gammopathy of undetermined significance (MGUS) have an

increased risk of developing infections. Streptococcus pneumoniae vaccinations are recommended

for immunocompromised patients, including patients with lymphoproliferative disorders such as

MGUS. The objective of the study was to assess the immune response to the 13-valent pneumo-

coccal conjugate vaccine (PCV13) in treatment-naive MGUS patients versus healthy subjects. All

study groups were evaluated for the levels of specific pneumococcal antibodies, the levels of IgG

and IgG subclasses, and selected peripheral blood lymphocyte subpopulations, including the

proportion of plasmablasts before and after immunization.

Patients and methods: A total of 22 previously untreated patients with MGUS and 15

healthy age- and sex-matched volunteers were included in the study. All participants were

immunized with PCV13 Prevenar13 (Pfizer). The following parameters were assessed: 1)

serum-specific pneumococcal antibody titers before and 30 days after vaccination, 2) percen-

tage of plasmablasts, defined as CD19+/IgD−/CD27++, before and 7 days after vaccination, 3)

serum total IgG and IgG1, IgG2, IgG3, IgG4 levels before and 30 days after vaccination.

Results and conclusion: PCV13 vaccination in MGUS patients is safe and effectively

protects against S. pneumoniae infection. In unvaccinated individuals, vaccination should be

carried out as soon as possible after diagnosis. It can protect patients against serious

infectious complications, which can contribute to extending the time to progression and

transformation into more aggressive diseases. PCV13 vaccination is more effective in MGUS

patients with a lower concentration of M protein. Serum M protein concentration in patients

diagnosed with MGUS may be a useful predictor of the effectiveness of vaccination.

Keywords: 13-valent pneumococcal conjugate vaccine, immune response, monoclonal

gammopathy of undetermined significance, M protein, plasmablasts, pneumococcal antibodies

Introduction
Monoclonal gammopathy of undetermined significance (MGUS) results from clo-

nal proliferation of differentiated plasma cells producing homogeneous immuno-

globulin or its light (or, rarely, heavy) chain.1 The M component, which appears as

a sharp band on serum protein electrophoretic analysis, may be typed by

immunofixation.1 Even low-level production of the M component in a formerly
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healthy individual is associated with an increased risk of

multiple myeloma (MM), Waldenström macroglobuline-

mia, and other malignant lymphoproliferative disorders.1,2

MGUS incidence increases with advancing age.2 It is

usually diagnosed by chance and is characterized by the

presence of a serum monoclonal immunoglobulin (M pro-

tein) (<30 g/L).2 MGUS is present in 3% of people over

50 years and in up to 5% of people over 70 years.3,4

Patients with MGUS have a twofold increased risk of

developing any infection at 5- and 10-year follow-up.5

More specifically, these patients have an increased risk of

bacterial (pneumonia, osteomyelitis, septicemia, pyelone-

phritis, cellulitis, endocarditis, and meningitis) and viral

(influenza and herpes zoster) infections.5 MGUS patients

with M protein concentrations over 2.5 g/dL at diagnosis

have the highest risks of infections.5 However, the risk also

increases among those with concentrations below 0.5 g/dL.5

In both the European and US guidelines, Streptococcus

pneumoniae (S. pneumoniae) vaccinations are recom-

mended for all elderly people with comorbidities. In the

US, the vaccinations are recommended for immunocom-

promised patients, including patients with lymphoproli-

ferative disorders such as MGUS.6 Nowadays, both the

23-valent pneumococcal polysaccharide vaccine (PPV23)

and the 13-valent pneumococcal conjugate vaccine

(PCV13) have been recommended for pneumococcal

infection prevention in patients with lymphoproliferative-

associated immunodeficiency.7 Twelve of the PCV13 ser-

otypes are also included in PPV23. PCV13 likely provides

better protection against pneumococcal disease due to

different immunogenic properties.8 The effectiveness of

PCV13 in MGUS patients has not been assessed.

The objective of the study was to assess the immune

response to PCV13 in treatment-naive MGUS patients

with no comorbidities versus healthy subjects. All study

groups were evaluated for the levels of specific pneumo-

coccal antibodies, the levels of IgG and IgG subclasses,

and selected peripheral blood lymphocyte subpopulations,

including the proportion of plasmablasts before and after

immunization.

Materials And Methods
Study And Control Group
A total of 22 previously untreated patients with MGUS, aged

between 53 and 85 years, who were diagnosed in the

Hematology Department at Holy Cross Cancer Centre in

Kielce, Poland, were included in the study. The control

group consisted of 15 healthy individuals representing demo-

graphic (sex and age) characteristics similar to those

observed within the study group. The same control group

was used as a reference in our earlier study.9 Table 1 presents

the characteristics of the study and control groups. According

to the criteria revised by the International MyelomaWorking

Group in 2010, MGUS was diagnosed by an M protein

concentration of <30 g/L, fewer than 10% of plasma cells

in the bone marrow, and no related organ or tissue impair-

ment (no end organ damage, such as hypercalcemia, renal

insufficiency, anemia or lytic bone lesions related to the

plasma cell disorder – the CRAB criteria),10,11 and based

on SLiM criteria, which included the following: ≥60% clonal

bone marrow plasma cells, serum-free light chain ratio

involved:uninvolved ≥100, more than one focal lesion (≥5
mm each) detected by MRI.12

None of the patients and controls had been receiving

drugs affecting the immune system, and none had received

blood transfusions. None showed any signs of infection at

least 3 months prior to the study or of allergic or auto-

immune disease. All participants gave their prior written

informed consent for participation. The study protocol was

approved by the Bioethics Committee of the Regional

Chamber of Physicians in Kielce (No. KB7/2012).9 The

study was conducted in accordance with the Declaration of

Helsinki.

During the follow-up, all patients and controls under-

went control visits at the Hematology Department, Holy

Cross Cancer Centre at least every three months, or more

often, every time they had an infection. To determine

causative agent of each infection, we collected swabs and

run microbial cultures, according to the current guidelines.

Additionally, to further confirm etiology of infection,

ELISA and PCR tests were conducted.

Study Material
Peripheral blood samples were obtained from the basilic vein

and were used to measure the following parameters: 1) serum-

specific pneumococcal antibody titers before vaccination

(3 mL of peripheral blood collected to tubes with a clotting

activator) and 30 days after vaccination (3 mL of peripheral

blood collected to tubes with a clotting factor), 2) percentage

of plasmablasts, defined as CD19+/IgD−/CD27++, before and
7 days after vaccination (5 mL of peripheral blood collected to

tubes with the anticoagulant EDTA at each draw), 3) total

serum IgG and IgG1, IgG2, IgG3, and IgG4 levels before

(5 mL of peripheral blood collected to tubes with a clotting

activator) and 30 days after vaccination (5 mL of peripheral
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blood collected to tubes with a clotting factor).9 According to

the studies published before, days 7 and 30 post-vaccination

were chosen to monitor plasmablast levels and antibody titers.

Detection of plasmablasts in peripheral blood, described pre-

viously as a marker of an early response to vaccination,13–16 is

usually conducted at day 7 following vaccination.14,17–19

Immune response to the vaccine, e.g., determination of

serum antibody titers, is carried out one month (or 30 days)

post-vaccination.20–24 Serum samples were stored at –70°C

until use. The percentages of plasmablasts were assessed using

fresh peripheral blood samples from MGUS patients and

healthy volunteers. Serum total IgG and IgG1, IgG2, IgG3,

and IgG4 levels were measured using fresh serum samples.

Complete blood count tests and measurements of serum IgA,

IgM, IgG, IgG1, IgG2, IgG3, and IgG4 levels were conducted

before and one month after vaccination. Routine immunophe-

notyping of peripheral blood lymphocytes, β2microglobulin,

IL-6, complement components 3 and 4 (C3 and C4), lactate

dehydrogenase (LDH), albumin, total protein, M protein, free

light chains (FLC), IgG, IgM, IgA serum levels, plasmablast

evaluation, serum pneumococcal antibody assessment, and

IgG subclasses assessment were performed as described

previously.9,25 Assessment of serum pneumococcal antibody

was done before vaccination (on the vaccination day) and 30

days after vaccination, using a commercial ELISA test

(ELIZEN Pneumococcus IgG Assay, Zentech, Belgium),

which determines the concentration of anti-capsular-polysac-

charide antibody specific for 23 pneumococcal serotypes (1, 2,

3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,

19A, 19F, 20, 22F, 23F, 33F). For details, see the work by

Pasiarski et al.9

Vaccine
MGUS patients and controls were immunized with the

PCV13 Prevenar13 (Pfizer) vaccine, which contains poly-

saccharide antigens of pneumococcal serotypes 1, 3, 4, 5, 6A,

6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F, conjugated to the

carrier protein CRM197. The vaccine was injected via the

intramuscular route. A single dose of PCV13 was adminis-

tered. None of the patients and controls had received PPV23

or any other S. pneumoniae vaccine previously.9

Statistical Analysis
The normal distribution of continuous variables was verified

with the Shapiro–Wilk Test. The statistical characteristics of

continuous variables are presented as median and extreme

values (minimum and maximum), as well as arithmetic

means and standard deviations (SD). Intergroup comparisons

Table 1 The Characteristics Of The Study And Control Groups

Parameter MGUS Patients Control Group

Gender Female (n) 9 6

Male (n) 13 9

Age Mean±SD 69.23±9.68 68.6±8.21

Median (min.–max.) 67.5 (53–85) 68.5 (54–83)

Lymphocyte count (x103/mL) Mean±SD 2163.1±364.34 2044±600.88

Median (min.–max.) 2165 (1140–3120) 1995 (1130–3310)

LDH serum concentration (U/L) Mean±SD 329.77±66.67 343.81±50.07

Median (min.–max.) 324 (164–435) 347.5 (251–435)

Beta-2-microglobulin serum concentration (µg/L) Mean±SD 1924.5±364.34 1870.69±339.56

Median (min.–max.) 1875 (1436–2798) 1957 (1178–2285)

M-protein serum concentration (g/dL) Mean±SD 0.83±0.59 N/A

Median (min.–max.) 0.72 (0.1–2.78) N/A

Type of M protein IgG 77% (n=17) N/A

IgM 14% (n=3) N/A

IgA 9% (n=2) N/A

FLC ratio Mean±SD 1.61±1.9 N/A

Median (min.–max.) 0.97 (0.03–7.03) N/A

Abbreviations: MGUS, monoclonal gammopathy of undetermined significance; N/A, not applicable; LDH, lactate dehydrogenase; FLC, free light chain; SD, standard

deviation.
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were conducted with the Mann–Whitney U-test, as well as a

univariate ANOVA followed by the post-hoc Tukey’s test, or

the Kruskal–Wallis test followed by the post-hoc Dunn test.

Pearson’s chi-squared test or Fisher’s exact test were used for

intergroup comparisons of discontinuous variables. All cal-

culations were conducted with Statistica 10 (StatSoft, US),

with the significance level set at p<0.05.9

Results
Study Group Characteristics
Patients from both the study and the control group received

the vaccination between January and February 2014. The

follow-up time was 5 years. During the follow-up, no deaths

and no cases of S. pneumoniae infections were stated. In

MGUS patients, none of the patients progressed to MM,

Waldenström’s macroglobulinemia, or other major oncolo-

gical/hematological condition. All infections during the

follow-up time were recorded. In the MGUS group, two

patients had pharyngitis of adenovirus etiology twice a year

from 2015, two patients – pharyngitis of respiratory syncy-

tial virus (RSV) etiology, two patients had parainfluenza

virus infection, one patient had bronchitis of Mycoplasma

pneumoniae in 2017, and one bronchitis of Chlamydophila

pneumonia in 2018. In the control group, two patients had

urinary bladder infection of Escherichia coli etiology twice

a year from 2016, two patients had pharyngitis of RSV

etiology in 2016 and in 2018, one patient had pharyngitis

of adenovirus etiology in 2017, and one patient had bron-

chitis of Mycoplasma pneumoniae etiology. All bacterial

infections were treated with targeted antibiotic therapy.

The response to vaccination with PCV13 was assessed

by determining the concentration of anti-pneumococcal

antibodies. A positive response was defined as a minimum

twofold increase in the baseline concentration of anti-

pneumococcal antibodies, as described previously.9,26,27

This response was obtained by 95% of MGUS patients

and 100% of healthy controls. The difference in the

response to vaccination was not statistically significant

(p=0.7). No side effects related to the vaccination were

reported in either the control group or the study group.

Specific Anti-Pneumococcal Antibodies
The concentration of specific anti-pneumococcal antibodies

before vaccination did not differ significantly in MGUS

patients compared with controls either before (p=0.57) or

after (p=0.48) vaccination. The concentration of specific anti-

pneumococcal antibodies in both groups increased statistically

significantly after vaccination (p<0.0001 for both groups)

(Table 2).

Plasmablast Percentages
Next, the population of plasmablasts was evaluated in the

MGUS patients and in the control group. The percentage

of plasmablasts before vaccination in the MGUS group

was statistically significantly higher compared with the

control group (p<0.0001). The percentage of plasmablasts

after vaccination in the MGUS group and the control

group increased statistically significantly (p=0.0002 and

p=0.0001, respectively) (Table 3). After vaccination, the

percentage of plasmablasts in the MGUS patients and

control group did not differ statistically significantly

(p=0.7211).

Median Response Expressed As The

Concentration Of Anti-Pneumococcal

Antibodies After PCV13
In the MGUS group, the median response expressed as the

concentration of anti-pneumococcal antibodies after

PCV13 vaccination was 3,127.35 mU/mL. Because only

one patient with MGUS did not fulfil the criterion of a

positive response to vaccination (i.e., two-fold post-vacci-

nation anti-pneumococcal antibodies increase), to analyze

Table 2 Specific Anti-Pneumococcal Antibody Concentrations In Patients With MGUS And Control Group Before And After PCV13

Vaccination

Specific Anti-Pneumococcal

Antibodies Concentration

(mU/mL)

MGUS Patients

Before Vaccination

MGUS Patients

After Vaccination

Control Group

Before Vaccination

Control Group

After Vaccination

Mean ± SD 401.6±286.1 2824.7±1499.9 491.4±521.1 2825.4±1316.4

Median 303.55 3127.3 297.3 3197

Min.–Max. 79–1018.5 230.5–4400 82.2–1919.9 748.2–4400

p-value p<0.0001 p<0.0001

Abbreviations: MGUS, monoclonal gammopathy of undetermined significance; PCV13, 13-valent pneumococcal conjugate vaccine; SD, standard deviation.
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possible differences in clinical characteristics related to

vaccine response, selected parameters were compared

between MGUS patients above and below the median

response. The results are shown below.

In the group of MGUS patients above the median

response, the serum M protein concentration was 0.57 g/dL

±0.36 g/dL (median=0.6 g/dL; min. 0.1 g/dL; max. 1.37 g/dL).

It was statistically significantly lower (p=0.0418) than in the

MGUS patients below the median response, who had a serum

M protein concentration of 1.09 g/dL±0.67 g/dL (med-

ian=0.78 g/dL; min. 0.4 g/dL; max: 2.78 g/dL).

Then, the increase in the percentage of plasmablasts

after vaccination in the MGUS patients above and below

the median response was compared. The increase in the

percentage was defined as the difference in the percentage

of plasmablasts after and before vaccination. A statistically

significantly greater change in the percentage of plasma-

blasts after PCV13 vaccination was found in the MGUS

group above the median response (p=0.0488).

The increase in the concentration of antibodies after

vaccination compared with the pre-vaccination concentra-

tion was also statistically significantly greater in the

MGUS group above the median response relative to the

MGUS group below the median response (p<0.0001).

When assessing the concentration of IgG2, a statisti-

cally significant increase was demonstrated after vaccina-

tion in MGUS patients above (p=0.0186) and below

(p=0.0244) the median response.

Correlations
There was a statistically significant negative correlation

between the concentration of specific anti-pneumococcal anti-

bodies after vaccination and the concentration of M protein in

the serum of patients with MGUS (p=0.037; r=−0.4469;
Figure 1).

Similarly, there was a statistically significant negative

correlation between the increase in specific anti-pneumo-

coccal antibodies after vaccination (when compared with

pre-vaccination antibody titer) and serum M protein levels

in patients with MGUS (p=0.0356; r=−0.4501; Figure 2).

In addition, the relationships between the effectiveness

of vaccination and parameters such as β2 microglobulin,

LDH, albumin concentration, total protein concentration,

calcium and phosphorus concentration, FLC, FLC ratio,

and plasma cell infiltration were investigated. However, no

relationships were found.

Discussion
Numerous studies have confirmed the association of MGUS

with infections, particularly pneumonia, infections caused by

viruses (cytomegalovirus, Epstein-Barr virus, chronic viral

hepatitis), and tuberculosis.28 Additionally, the mean survival

for patients withMGUS is shorter compared with the healthy

population. Themajor reason for early mortality in this group

is infection. Despite a frequently asymptomatic clinical

course, MGUS leads to the development of secondary immu-

nodeficiency. The incidence of infections in patients with

MGUS is twice as high as that of the healthy population.

Table 3 Percentage Of Plasmablasts In Patients With MGUS And Control Group Before And After PCV13 Vaccination

Plasmablasts

(%)

MGUS Patients Before

Vaccination

MGUS Patients After

Vaccination

Control Group Before

Vaccination

Control Group After

Vaccination

Mean ± SD 1.605±1.268 15.667±19.993 0.349±0.200 13.014±15.004

Median 1.435 5.855 0.26 6.95

Min.–Max. 0.47–6.81 2.06–69.6 0.14–0.72 1.73–47.28

p-value p=0.0002 p=0.0001

Abbreviations: MGUS, monoclonal gammopathy of undetermined significance; PCV13, 13-valent pneumococcal conjugate vaccine; SD, standard deviation.

Figure 1 Negative correlation between the concentration of specific anti-pneumo-

coccal antibodies after 13-valent pneumococcal conjugate vaccine (PCV13) vaccina-

tion and the concentration of M protein in the serum of patients with monoclonal

gammopathy of undetermined significance (MGUS).
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Patients with MGUS have a 2.4-fold higher risk of pneumo-

nia compared with healthy subjects,5 and an association

between infections and rapid progression from MGUS to

MM was proposed.29 Due to the shorter expected survival,

greater incidence of infections, and the potential impact of

infection on the progression from MGUS to MM, it seems

reasonable to search for methods to prevent dangerous com-

plications of infectious diseases, such as pneumococcal

pneumonia.

In the present study, patients with MGUS were vacci-

nated with PCV13. A positive response to vaccination was

observed in 95% of patients with MGUS, and this result

did not differ significantly from the control group.

Concentrations of specific anti-S. pneumoniae antibodies

did not differ significantly among both groups, either

before or after vaccination. In both groups, a statistically

significant increase in the concentration of specific anti-S.

pneumoniae antibodies was observed after vaccination.

Prior to vaccination, the frequency of plasmablasts was

significantly higher in patients with MGUS compared with

the control group, which may be the result of the ongoing

neoplastic process in the course of MGUS. The percentage

of plasma cells in the bone marrow in patients with MGUS

may be slightly increased (however not exceeding 10%)30

and is perhaps related to the presence of a higher propor-

tion of plasmablasts in the peripheral blood of these

patients. We did not find any available literature concern-

ing this issue. Comparison of the frequencies of plasma-

blasts after vaccination in patients and controls did not

reveal any statistically significant differences. We

observed an adequate raise of plasmablasts on the 7th

day after vaccination in both groups, which indicates that

early stimulation of the immune system was appropriate.14

Next, we divided MGUS patients into 2 groups; the cut-off

point for their separation was the median level of specific

antipneumococcal antibodies after vaccination. The group

of patients with higher levels of antibodies had a lower

serum concentration of M protein. This group also had a

greater difference between the pre- and postvaccination

antibody titers, which indicates a better immune response.

Both groups experienced a statistically significant increase

in the serum IgG2 level after vaccination. Also, both the

concentration of specific anti-pneumococcal antibodies

and the increase in the concentration of their titers pre-

vs postvaccination in the whole population of MGUS

patients correlated negatively with the concentration of

M protein. At the same time, no relationship between the

percentage of plasmacytes in the bone marrow and the

FLC ratio, and the parameters evaluating the response to

vaccination were found. In this study, however, we were

not able to determine the concentration of antibodies fol-

lowing the vaccination that is enough to protect against S.

pneumoniae in patients with MGUS, as no cases of S.

pneumoniae infection were observed over the 5-year fol-

low-up. Additionally, antigens with a protein carrier, pre-

sent in a PCV13 vaccine, elicit a T-cell-dependent

antibody response. Therefore, apart from induction of anti-

body production, stimulation of the cell immune response

is also present post-vaccination.31,32

Based on the analyses carried out, it can be concluded

that the response to immunization worsens with the

increase of M protein in the serum. This dependence

agrees with the observations of Kristinsson et al who

found that the risk of infection is higher in patients with

MGUS in whom the M protein concentration exceeds

2.5 g/dL.5 The increase in the risk of bacteremia has also

been demonstrated by Gregersen et al.33 Karlsson et al

also demonstrated that the concentration of specific anti-

pneumococcal antibodies in MGUS patients was signifi-

cantly lower compared with healthy controls. However, it

was higher compared with MM patients. The same study

showed that the specific anti-Moraxella catarrhalis, anti-

Candida sp., anti-Aspergillus sp., and anti-measles virus

antibodies were similarly decreased in MGUS and MM

patients.34 This may indicate a gradual impairment of the

immune system with the progression of the disease from

MGUS to MM. The lack of available literature on the

effectiveness of vaccinations among patients with MGUS

Figure 2 Negative correlation between the difference in the concentration of anti-

pneumococcal antibodies after vs before 13-valent pneumococcal conjugate vaccine

(PCV13) vaccination, and the concentration of M protein in the serum of patients

with monoclonal gammopathy of undetermined significance (MGUS).
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suggests the need to deepen the study on this subject and

plan further research on a larger group of patients. This is

particularly important because, as Augustson et al showed

in their research, 45% of early deaths (deaths that occurred

up to 60 days from the diagnosis of MM) are caused by

infections, mainly by pneumonia and sepsis.35 It is likely

that the introduction of preventive vaccinations against S.

pneumoniae, inter alia, for patients with MGUS would

contribute to mortality reduction in those patients in

whom MGUS progresses to MM. Although anti-pneumo-

coccal vaccine is recommended in MGUS and MM

patients, vaccination coverage is low. Preliminary data

from the Insight-MM study, including 650 patients with

MM, revealed that only 17% of newly diagnosed and 24%

of relapsed/refractory MM patients received the recom-

mended anti-pneumococcal vaccination in the past

5 years.36 Our observations on the relationship between

the response to vaccination and the concentration of M

protein in the blood serum indicate that the immunodefi-

ciency worsens as MGUS progresses.

Patients diagnosed with MGUS are not a homogenous

group. They include patients with stable or low levels of M

protein, as well as patients in whom quite rapid transforma-

tion into MM or Waldenström’s macroglobulinemia is

observed. Therefore, immune system suppression in this

population varies in individual patients.34 One of the factors

contributing to the unfavorable prognosis in the Mayo

Clinic risk assessment model is serous M protein concen-

tration exceeding 1.5 g/dL.37 In light of the presented

results, it may also be a predictor of the response to vacci-

nation, although further research is required to confirm this.

A limitation of our study is related to the bacterial

serotypes. Immunization was carried out with PCV13,

which contains 13 capsular antigens, although 23 vac-

cine serotypes exist. We suspect the difference in anti-

body titers we observed before and after vaccination

correspond to the antibodies against the PCV13 sero-

types. However, we did not assess the serum titers of

serotype-specific antibodies, but only measured the

overall subclasses of the total antibodies in the serum.

Therefore, we plan to assess serotype-specific antibodies

(i.e., IgG1, IgG2, IgG3, and IgG4) in future work, both

in MGUS patients and controls. A small sample size can

be recognized as another limitation of this study. Strict

inclusion criteria applied, mainly older age and lack of

severe comorbidities, rendered it impossible to enroll a

larger group of patients.

Conclusion
PCV13 vaccination inMGUS patients is safe and effective in

protecting against S. pneumoniae infection. Vaccination

should be carried out as soon as possible after the diagnosis.

It can protect patients against serious infectious complica-

tions, which may contribute to extending the time to progres-

sion and transformation into more aggressive diseases like

MM. In patients withMGUSwho have a lower concentration

ofM protein, PCV13 vaccination is more effective. SerumM

protein concentration in patients diagnosed with MGUS may

be a useful predictor of the effectiveness of vaccination.
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