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Individuals suffering from severe chronic kidney disease (CKD) are immunocompromised and therefore
highly susceptible to various infections including Haemophilus influenzae type a (Hia), an emerging patho-
gen in North American Indigenous populations. Immunocompromised Indigenous adults are considered a
target for a new Hia vaccine under development. In an attempt to foresee their response to Hia immu-
nization, we studied natural immunity against Hia and B-cell subpopulations in sixty patients with
CKD residing in a geographic region with noticeable presence of Hia invasive disease. Serum bactericidal
activity (SBA) against Hia, concentrations of IgG and IgM antibodies specific to Hia capsular polysaccha-
ride, and B-cell subpopulations were studied in patients with CKD and 35 healthy controls of the same
age. Of the patients with CKD, proportions and absolute numbers of B-cell subpopulations were deter-
mined for 28 patients. The patients had lower SBA titres compared to controls. Although no significant
differences in anti-Hia IgG or IgM antibody concentrations between control and CKD groups were found,
IgM antibody concentrations were higher in Indigenous than non-Indigenous patients. Patients with CKD
had a higher proportion of B cells (CD19+), class switched memory B cells (CD19+CD27+IgM-) and a lower
proportion of CD19+CD27-IgM- B cells compared to healthy controls. Non-Indigenous patients with CKD
had significantly higher proportions of IgM memory B cells and CD19+CD27-IgM- B cells compared to
Indigenous patients with no significant difference in absolute numbers. Because 72% of CKD patients
had detectable SBA titres and 100% had detectable IgG and IgM antibodies it is possible that a portion
of IgM memory B cells and class switched memory B cells are specific for Hia resulting from a natural
exposure to the pathogen. The data suggest that a Hia-conjugate vaccine may be immunogenic in adult
patients with CKD as it will potentially induce re-activation of immunological memory against Hia.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Severe chronic kidney disease (CKD) is defined as a decreased
kidney glomerular filtration rate (GFR) of less than 30 mL/
min/1.73 m2 for a minimum of 3 months, and is a serious condition
characterized by high mortality rates [1,2]. Increased inflammatory
responses and reactive oxygen species generation associated with
uremia contribute to the development of other conditions, such
as cardiovascular disease and cancer [3]. Infection is the second
major cause of death in these patients after cardiovascular disease
[4]. In patients with CKD, a high risk for septicemia and other
severe infections is attributed to their compromised immune
system and increased exposure to infectious agents in dialysis
units [5,6]. In North America, CKD disproportionally affects Indige-
nous populations. The burden of CKD among Indigenous peoples is
mostly influenced by dramatically rising incidence of obesity and
type 2 diabetes mellitus resulting in diabetic nephropathy as well
as a high rate of glomerulonephritis [7,8]. Haemophilus influenzae
type a (Hia) is an emerging infection in North American Indigenous
populations; invasive Hia disease mostly affects young children,
the elderly, and immunocompromised individuals [9–11]. Our
studies over the last 15 years have shown that invasive Hia disease
is consistently present in Northwestern Ontario, Canada [12]. This
geographic region has 25.4% population of Indigenous peoples [13],
and several cases of invasive Hia disease occurred in Indigenous
peoples suffering from CKD [11,14,15]. A new vaccine against Hia
is currently under development in Canada [16]. Because immuno-
compromised individuals are highly susceptible to invasive Hia
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disease, patients with CKD are being considered as a target popu-
lation for a new vaccine.

We have recently found that healthy Indigenous adults have
higher titres of serum bactericidal antibodies against Hia compared
to non-Indigenous peoples living in the same region suggesting
that they may have developed immunological memory against
Hia as a result of exposure to the pathogen [10,17]. While long-
lived plasma cells are directly responsible for antibody production,
memory B cells generated during the primary immune response
are able to mount rapid recall response upon secondary exposure
to the same antigen [18,19]. Therefore, the effect of adult immu-
nization is critically dependent on the presence of memory B cells.
As no previous research on memory B cells in Indigenous patients
with CKD had been done, we made an attempt to characterize their
subpopulations in Indigenous and non-Indigenous patients. We
also tried to determine if there is an association between natural
humoral immunity to Hia and B-cell subpopulations.

2. Methods

2.1. Participants

This study was approved by the research ethics boards of Lake-
head University and the Thunder Bay Regional Health Sciences
Centre (TBRHSC). Sixty patients with stage four or five CKD (stage
4, GFR < 30 mL/min/1.73 m2, stage 5, GFR <15 mL/min/1.73 m2) [2]
who received hemodialysis in the TBRHSC were recruited from
May 2015 – January 2018; all were required to provide informed
consent before determining their eligibility for the study. Ethnicity
was determined based on self-declaration. Patients with severe
CKD were considered eligible if they: were over 18 years old, did
not have a history of immunocompromising conditions, were not
taking immunosuppressive medications for more than 14 days in
the past 6 months, had not received any vaccine in the past month
and were not receiving blood transfusions or blood products in the
past 3 months. The majority of 35 healthy controls were recruited
through the Thunder Bay 55 Plus Centre, and were considered eli-
gible if they were over the age of 18 years old and did not have a
history of taking immunosuppressive medications. Table 1 displays
the demographics of study participants; supplementary Table 1
describes additional information on the underlying causes of CKD
and comorbidities.

2.2. Analysis of B cells

Peripheral blood mononuclear cells were isolated using Lym-
phoprep (Stemcell Tecnologies, Vancouver, BC, CAN). Monocytes
were removed using two consecutive incubations in complete cul-
ture medium, i.e. RPMI 1640 medium with L-glutamine (Fisher Sci-
entific, Whitby, ON, CAN) and 1% antibiotic-antimicotic (Life
Technologies, Burlington, ON, CAN) supplemented with 20% fetal
bovine serum (FBS, Fisher Scientific) in a cell culture dish for 1 h
at 37 �C, 5% CO2. Non-adherent cells were then washed and re-
suspended in complete culture medium supplemented with 10%
Table 1
Demographics of study participants.

Age (years)
Group n Mean ± SEM

Healthy Controls 35 62 ± 2
CKD Patients 60 61 ± 2
CKD Indigenous 30 53 ± 2+*

CKD non-Indigenous 30 70 ± 2*

+p < 0.0001, chronic kidney disease (CKD) to healthy controls; *p < 0.01, Indigenous to n
between healthy controls and both CKD groups (Indigenous and non-Indigenous) (p < 0
FBS at 2 � 106 cells/mL. From the cell suspension, 200,000 cells
were immunostained with PE Mouse Anti-Human CD19, APC
Mouse Anti-Human IgM, and PerCP-CyTM5.5 Mouse Anti-Human
CD27 at 4 �C for 1 h. Samples were analyzed with BD FACSCaliburTM

Flow Cytometer and CELLQUEST PRO software (BD Biosciences) to
determine proportions of B cells (CD19+) and subpopulations:
naïve (CD27-IgM+), IgM memory (CD27+IgM+), CD27-IgM-, and
class switched memory (CD27+IgM-) (Fig. 1). Purity of CD19+gated
B cells was verified by counterstaining cells with FITC Mouse Anti-
Human CD3 and PerCP-CyTM5.5 Mouse Anti-Human CD14 (BD
Biosciences).

Analysis of B cells was conducted for 28 out of 60 patients (sup-
plementary Table 2). For these patients, a complete blood count
(CBC) was performed at the TBRHSC clinical lab to determine the
lymphocyte count (�109 cells/L). The absolute number of B cells
was calculated by multiplying the percentage of CD19+ cells of
the total gated lymphocyte population by the total lymphocyte
count. Similarly, the numbers of B-cell subpopulations were deter-
mined by multiplying the percentage of each subpopulation by the
absolute number of B cells (supplementary Table 3).
2.3. Analysis of Haemophilus influenzae type a specific antibodies

Serum Bactericidal Assay (SBA) was performed as previously
described [17] using Hia strain 08-191and baby rabbit comple-
ment (Pel-Freez, Rogers, AR, USA) as the exogenous complement
source. SBA titers were determined as the reciprocal serum dilu-
tion required to kill � 50% of the initial bacterial inoculum [20].
Titers below the lower detection limit of 16 were reported as 8
for statistical purposes.

IgG and IgM antibodies specific to Hia capsular polysaccharide
were quantified by ELISA as previously described [10]. Antibody
concentrations were determined using our internal standard that
was standardized to the Hia reference serum provided by the Cen-
ters for Disease Control and Prevention [10]. The internal standard
contained 1.25 mg/ mL anti-Hia IgG and 2.09 mg/ mL anti-Hia IgM.
The standard curve was made using a log-log non-linear regression
to produce the line of best fit. Outliers were deleted and values
were considered acceptable if the coefficient of variation was
below 30%.
2.4. Statistical analysis

Statistical analysis was performed using Graph-Pad Prism 5
(GraphPad Prism Software Inc., San Diego, CA). The means for the
percentage of each B-cell subpopulation and absolute numbers of
B cells were calculated as well as the geometric means for anti-
Hia antibody concentrations and SBA titres with 95% confidence
intervals (CI). Groups were compared either using a Student’s t-
test, or Mann-Whitney U test, one-way ANOVA, or Kruskal-Wallis
test depending on data distribution and number of groups com-
pared. Correlation between antibody concentrations and B-cell
subpopulations was determined using Pearson or Spearman’s cor-
Range No. (%) Female No. (%) Indigenous

36–85 22 (63) 5 (14)
32–85 26 (43) 30 (50)
32–80 15 (50)
43–85 11 (37)

on-Indigenous CKD patients (Student’s t-test). The ages were significantly different
.0001, one-way ANOVA).



Fig. 1. Flow cytometry analysis. Proportions of naïve (CD27- IgM+), IgM memory (CD27+IgM+), CD27- IgM-, and class switched memory (CD27+IgM-) B cells were
determined by first gating the lymphocyte population (A), then gating the CD19+lymphocytes (FL2) (B). These events were then separated based on their CD27 (FL3) and IgM
(FL4) expression (C). The percent gated values for the proportions of B cell subpopulations were determined. One representative experiment is shown; CD19+ (9.9%), CD27-
IgM+ (60.6%), CD27+IgM+ (4.1%), CD27-IgM- (11.5%), and CD27+IgM- (23.8%).
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relation. Significance was determined at p value < 0.05. Outliers
were identified and removed [21].

3. Results and discussion

To assess natural immunity against Hia in patients with severe
CKD, we quantified functionally active antibodies using SBA, and
anti-Hia capsular polysaccharide specific IgG and IgM using ELISA.
The patients had lower geometric mean SBA titres than healthy
controls (145, CI: 86.53–244.1 vs. 324.7, CI: 189.4–556.4, Student’s
t-test, p < 0.05, Fig. 2A). Moreover, larger proportion of patients had
SBA titres below lower detection limits compared to healthy con-
trols, 28% (17/60) vs. 9% (3/35), p < 0.05 (Fisher’s exact test). These
results are in agreement with our earlier observations suggesting
that CKD may negatively affect natural immunity against Hia and
therefore this patient population may be at risk of invasive Hia dis-
ease [10]. However, no significant difference in SBA titres between
healthy controls, CKD Indigenous, and CKD non-Indigenous
patients was detected when a multiple comparisons test was per-
formed (Fig. 2A and B). No significant difference in anti-Hia capsu-
lar polysaccharide IgM (1.0 lg/ mL, CI: 0.8–1.3 vs. 1.2 lg/ mL, CI:
0.9–1.5) or IgG (0.6 lg/ mL, CI: 0.4–0.9 vs. 0.5 lg/ mL, CI: 0.4–
0.7) concentrations between patients and controls was detected
using either a Student’s t-test or Mann-Whitney U test, or between
healthy controls, CKD Indigenous, and CKD non-Indigenous using a
multiple comparisons test (p > 0.05) (Fig. 2C–F).

While SBA geometric mean titres (GMT) in Indigenous CKD
patients did not significantly differ from non-Indigenous patients
(111.4, CI: 51.90–239.2 vs. 189.6, CI: 90.98–395.0, p > 0.05,
Fig. 2B), the concentration of IgM antibodies specific to Hia capsu-
lar polysaccharide was significantly higher in Indigenous com-
pared to non-Indigenous patients (1.4 lg/mL, CI:1.0–1.9 vs.
0.7 lg/mL, CI: 0.5–1.1, Mann-Whitney U test, p < 0.05, Fig. 2D).
No difference in specific IgG concentrations between these groups
was detected (Fig. 2F).

In all the groups, the geometric mean concentrations of Hia cap-
sular polysaccharide-specific IgM were higher than the concentra-
tions of specific IgG (Fig. 2C–F). Healthy controls had a slightly
greater ratio of IgM to IgG compared to patients with CKD (2.4:1
vs. 1.7:1, p > 0.05, Fig. 2C–E) while the Indigenous and non-
Indigenous patients had similar ratios (1.8:1 vs. 1.4:1, p > 0.05,
Fig. 2D–F). These results confirm our previous findings on the
prevalence of IgM in the anti-Hia capsular polysaccharide antibody
repertoire and higher anti-Hia IgM concentrations in Indigenous
than non-Indigenous adults [10,17]. Although the prevalence of
IgM over IgG suggests that anti-Hia capsular polysaccharide anti-
bodies may be part of the natural IgM antibody repertoire, this
may also be an indicator of a recent exposure to the pathogen
[17]. Indeed, our epidemiological studies have found that during
the last two decades, Hia has been consistently present in Indige-
nous communities of this geographic region [11,14,15]. Naturally
acquired antibodies are largely determined by the colonization,
and the colonization rates may vary among different populations
depending on age, race, living conditions, and socio-economic sta-
tus [22,23]. However, the relationship between the development of
naturally acquired antibodies and H. influenzae colonization history



Fig. 2. Serum bactericidal antibody against Haemophilus influenzae type a in healthy controls and CKD patients (A) and Indigenous vs. non-Indigenous CKD patients (B). The
antibody titre was defined as the reciprocal of serum dilution resulting in � 50% killing of Hia strain 08–191. The solid line indicates geometrical mean titre (GMT). The
number of individual samples below the lower limit of detection (dashed line) is indicated on the graph. *p < 0.05, Student’s t-test. The geometric mean concentrations (GMC,
solid line) of anti-Hia capsular polysaccharide IgM (C-D) and IgG (E-F) in healthy controls and CKD patients (C, E) and Indigenous vs. non-Indigenous CKD patients (D, F).
*p < 0.05, Mann-Whitney U test. No significant difference between the 3 groups (healthy control, CKD Indigenous, and CKD non-Indigenous) for GMT or GMC (IgM or IgG) was
detected by one-way ANOVA or Kruskal-Wallis test.
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is complex, and potential effects of some cross-reactive antigens
present in the environment need to be considered [17].

Severe CKD is associated with chronic inflammation [24]. In
other inflammatory diseases, such as systemic lupus erythemato-
sus, rheumatoid arthritis, multiple sclerosis, and inflammatory
bowel disease, B-cell subpopulations are often altered compared
to healthy people [25]. This suggests that patients with CKD may
also have alterations in B-cell subpopulations. To determine pro-
portions of B cells and their subpopulations, we have used flow
cytometry analysis to detect the cell surface expression of CD19
as a marker for B cells and CD27 for memory B cells (Fig. 1). IgM
memory B cells and switched memory B cells were defined as
CD19+CD27+IgM+ and CD19+CD27+IgM- cells, respectively [26].

Our analysis showed that patients with CKD had a higher per-
centage of B cells in comparison to healthy controls (11%, CI:
5.9–8.0 vs. 7%, CI: 8.4–13.7, Student’s t-test, p < 0.01, Table 2), with
no significant differences between Indigenous and non-Indigenous
patients (p > 0.05, Table 2). There was a significant difference in the
proportions of B cells between healthy controls, CKD Indigenous,
and CKD non-Indigenous patients (one-way ANOVA, p < 0.01).
Higher proportion of B cells in patients with CKD compared to
healthy controls is likely due to chronic inflammation caused by
uremia, and can be associated with common co-morbidities found
in these patients, such as diabetes mellitus and chronic obstructive
pulmonary disease [27,28]. We also found that patients with CKD
had significantly higher proportions of class switched memory B
cells (CD19+CD27+IgM-) (22%, CI: 16.4–28.5 vs. 16%, CI: 12.2–
19.1, Student’s t-test, p < 0.05) and lower proportions of CD19
+CD27-IgM- B cells (16%, CI: 13.1–19.2 vs. 20%, CI: 16.4–28.5,
Mann-Whitney U test, p < 0.05) compared to the controls (Fig. 3A
and B). When B-cell subpopulations were compared between
healthy controls, CKD Indigenous and CKD non-Indigenous
patients, no significant differences between the groups were found
except for CD19+CD27-IgM- B cells (Kruskal-Wallis test, p < 0.001).

The T-cell-dependent antibody response is characterized by the
generation of class switched memory B cells [18]. Upon re-
exposure to the same antigen, these cells are able to respond
rapidly resulting in the production of more antigen specific mem-
ory B cells as well as plasma cells that produce high affinity anti-
bodies [19]. An increase in proportion of class switched memory
B cells in CKD patients could suggest that such patients have been
exposed to pathogens more often than healthy controls. Indeed,
patients with CKD undergoing hemodialysis spend a lot of time
in close proximity to other patients in the hospital environment,
and experience frequent disruption of the skin barrier from needles
or catheter ports. As part of the standard clinical practice these
patients receive vaccines prescribed for high-risk adult populations
(against pneumococcal, hepatitis B virus, and varicella zoster infec-
tions) that can potentially increase the population of class
switched memory B cells.

It is more difficult to interpret a decrease in the proportion of
CD19+CD27-IgM- because these cells are not well characterized
in the literature. Similarly to these cells, the origin and functional
Table 2
Percentage of CD19+lymphocytes determined by flow cytometry.

Group Percentage of B cells (95% CI)

Healthy Controls 7.0 (5.9–8.0)
CKD 11.1 (8.4–13.7)**

CKD Indigenous 11.6 (7.7–15.4)**

CKD non-Indigenous 10.3 (6.2–14.3)*

Comparison of the mean proportions of B cells between patients with chronic
kidney disease (CKD) to healthy controls (*p < 0.05, **p < 0.01, Student’s t-test). The
proportions of B cells were significantly different between healthy controls and
both CKD groups (Indigenous and non-Indigenous) (p < 0.01, one-way ANOVA).
roles of Double Negative (DN) B cells (CD19+CD27-IgD-) are uncer-
tain. Because DN B cells accumulate in the elderly, it was suggested
that these cells are the exhausted terminally differentiated mem-
ory B cells [29–31]. Accordingly, a higher proportion of CD19
+CD27-IgM- B cells (18%, CI: 13.4–22.6 vs. 13%, CI: 10.8–13.5,
Mann-Whitney U test, p < 0.05) in non-Indigenous compared to
Indigenous patients (Fig. 3D) may be due to the fact that the
non-Indigenous patients were significantly older (69 ± 3 vs.
54 ± 3 years, Student’s t-test, p < 0.01, supplementary Table 2).

We have also observed higher proportions of IgM memory B
cells in non-Indigenous compared to Indigenous patients (12%,
CI: 7.1–16.24 vs. 7%, CI: 4.3–9.5, Student’s t-test, p < 0.05)
(Fig. 3C). The IgM memory B cells are generated in the process of
the T cell-independent immune response and also increase with
age [32–34] that may explain their higher proportion in the non-
Indigenous group of CKD patients. It is tempting to speculate that
higher IgM anti-Hia antibody concentrations found in Indigenous
compared to non-Indigenous patients may potentially be associ-
ated with an increased proportion of IgM memory B cells, as previ-
ous studies demonstrated an essential role of this subpopulation in
antibody response to bacterial capsular polysaccharides [26]. How-
ever, our analysis did not reveal any noticeable correlation
between B-cell subpopulations and antibody levels or SBA titres
(data not shown). It is not surprising because antigen-specific B
cells represent a very small fraction of the total B cell population.
For example, in healthy unimmunized adults, only 0.5% of total
CD19+ B cells are specific to any individual pneumococcal polysac-
charide antigen [35].

For the interpretation of changes in B-cell subpopulations found
in our patients, it is necessary to consider that the total numbers of
B-lymphocytes may be decreased in CKD patients [36]. We calcu-
lated the absolute numbers of B cells and their subpopulations
for 28 CKD patients (supplementary Table 3). No significant differ-
ences between Indigenous and non-Indigenous patients for abso-
lute number of any of the subpopulations were found
(supplementary Table 3). Because the lymphocyte counts were
not available in our control group we compared the absolute num-
bers of B cells and their subpopulations in CKD patients with pub-
lished data (supplementary Table 4a and b). The analysis indicated
that approximately 60% of our patients (16/28) had total lympho-
cyte counts within normal limits defined by the Medical Council of
Canada (1.0–4.0 � 109 cells/L) [37], and the remaining 12 had the
counts below 1.0 � 109 cells/L. In comparison to absolute values
of B-cell subpopulations in healthy adults between the ages of 26
and 50 reported by Morbach et al. [38], our patients had lower
numbers of total lymphocytes, total B cells, naïve B cells, and
IgM (non-switched) memory B cells, but similar numbers of class
switched memory B cells and higher numbers of CD19+CD27-
IgM- compared to reported DN cells (supplementary Table 4b).
However, this comparison needs to be taken with caution because
of age differences between our patients and their cohort of healthy
adults (69 ± 3 vs. 54 ± 3 years, p < 0.01), as well as the use of differ-
ent markers for defining naïve and IgM memory B cells (IgD+
rather than IgM+). Nevertheless, 93% (26/28 patients) of our CKD
patients had numbers of B cells below the normal values reported
by Morbach et al. (199 cells/lL, age 26–50 years) [38] and Qin et al.
2016 (216 cells/ lL, age 19–80 years) [39]. Similar to our findings, a
previous study by Pahl et al. (2010) demonstrated that patients
with end-stage renal disease had significantly reduced numbers
of total B cells and their subpopulations including memory (CD19
+CD27+) and naïve B cells (CD19+CD27-) in comparison to healthy
controls [40]. In that study, a decrease in the absolute numbers of B
cells was found to be associated with a decrease in BAFF receptor
expression in transitional B cells despite elevated levels of IL-7
and BAFF in plasma. Considering that BAFF is a key differentiation
and survival factor for B cells, the authors concluded that B-cell



Fig. 3. Proportions of B cell subpopulations were determined by flow cytometry. Isolated peripheral blood mononuclear cells were immunostained for CD19, CD27, and IgM.
Naïve (CD19+CD27- IgM+), IgM memory (CD19+CD27+IgM+), CD19+CD27- IgM-, and class switched memory B cells (CD19+CD27+IgM-) were determined for healthy
controls (A), patients with chronic kidney disease (CKD) (B), CKD Indigenous (C) and CKD non-Indigenous (D). *p < 0.05 when comparing the CKD groups to healthy controls; +
p < 0.05 comparing Indigenous and non-Indigenous patients with CKD (Student’s t-test or Mann-Whitney U test). No significant differences between healthy controls, CKD
Indigenous and CKD non-Indigenous patients were detected for any subpopulation except for CD19+CD27-IgM- cells, p < 0.001 (Kruskal-Wallis test).
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lymphopenia in end-stage renal disease is caused by the impact of
uremia on maturation of transitional B cells [40].

Because the majority of our patients had below normal absolute
numbers of B cells, they may potentially exhibit a low response to
immunization. Indeed, it was previously found that some CKD
patients were hypo-responsive to pneumococcal polysaccharide
vaccine [41]. The response rates to hepatitis B vaccination in these
patients are also lower in comparison to healthy controls [42].
However, we have recently found that the pediatric Haemophilus
influenzae type b (Hib) polysaccharide-protein conjugate vaccine
is highly immunogenic in a group of adult patients with CKD,
which is comparable to the one in present study [43]. Because
the proposed Hia vaccine is designed based on the same principles
as Hib-conjugate vaccine, i.e. composed of the capsular polysac-
charide conjugated to a protein carrier, this may predict its suffi-
cient immunogenicity in CKD patients.

This study has several limitations. There is a nearly 20-year dif-
ference between the mean ages of the CKD Indigenous and non-
Indigenous patients (Student’s t-test, p < 0.01). This difference
reflects the demographics of adults suffering from CKD in Canada,
i.e. people of Indigenous descent tend to develop CKD at a younger
age [7]. For logistic reasons, we were unable to include a group of
healthy Indigenous participants as a control and hence could not
determine their B-cell subpopulations, although the data of serum
Hia antibody levels and serum bactericidal activity in healthy
Indigenous adults collected by our group in the same region and
using the same methodology are available [10,17]. We did not
study H. influenzae colonization rates in study participants
although our ongoing studies indicate that approximately 8% of
3–5 year old First Nations children carry Hia in the nasopharynx
(unpublished observations). However, the development of natural
immunity to common bacteria such as H. influenzae is a result of
multiple exposures to antigens. Given the transient pattern of H.
influenzae colonization we did not consider data on single-point
carriage in adults to be of value regarding the understanding of
natural immunity to Hia and we were unable to conduct a longitu-
dinal study of carriage in our cohorts for logistic reasons. Because
we were unable to determine absolute lymphocyte numbers in
healthy controls we have used the relevant data from literature
for analysis. Lastly, no correction was applied to the threshold of
statistical significance despite the many comparisons that were
made, most involving small differences between groups.
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4. Conclusion

Patients suffering from severe CKD may be at an increased risk
for invasive Hia disease because they have decreased titres of
serum bactericidal antibodies against Hia and reduced absolute
numbers of B lymphocytes. Yet, 72% of CKD patients exhibited
detectable serum bactericidal activity against Hia and 100% had
detectable Hia-specific IgG and IgM. However, the minimum pro-
tective antibody concentrations against Hia are still unknown,
and we must also consider that patients with chronic disease, such
as those with CKD might require higher antibody concentrations
for protection. Considering the presence of an increased proportion
of class switched memory B cells in CKD compared to healthy con-
trols, a fraction of memory B cells resulting from a natural expo-
sure to the pathogen can be specific for Hia. The data would
suggest that a new Hia-conjugate vaccine under development
may be immunogenic in adult patients with CKD, as it will poten-
tially induce re-activation of immunological memory specific to
Hia.
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