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Abstract
Introduction—Humoral immune responses play a pivotal role in naturally acquired immunity to
malaria. Understanding which humoral responses are impaired among individuals at higher risk
for malaria may improve our understanding of malaria immune control and contribute to vaccine
development.

Methods—We compared humoral responses with 483 Plasmodium falciparum antigens between
adults in, Kisumu (high, year-long malaria transmission leading to partial immunity), and adults in
Kisii (low, seasonal malaria transmission). Then within each site, we compared malaria-specific
humoral responses between those at higher risk for malaria (CD4+ ≤ 500) and those at lower risk
for malaria (CD4+>500). A protein microarray chip containing 483 P. falciparum antigens and 71
HIV antigens was used. Benjamini–Hochberg adjustments were made to control for multiple
comparisons.

Results—Fifty-seven antigens including CSP, MSP1, LSA1 and AMA1 were identified as
significantly more reactive in Kisumu than in Kisii. Ten of these antigens had been identified as
protective in an earlier study. CD4+ T-cell count did not significantly impact humoral responses.

Conclusion—Protein microarrays are a useful method to screen multiple humoral responses
simultaneously. This study provides useful clues for potential vaccine candidates. Modest
decreases in CD4 counts may not significantly impact malaria-specific humoral immunity.
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1 Introduction
Malaria continues to be a significant cause of morbidity and mortality worldwide [1]
(www.who.int/malaria/wmr2008). Adults living in malaria endemic areas develop some
level of partial immunity to malaria as a result of repeated exposures to parasite antigens [2].
This naturally acquired partial immunity involves both humoral and cellular immune
responses and appears protective against symptomatic disease, but not against malaria
infection [2–9]. A greater understanding of immune responses among individuals with
partial immunity may lead to the identification of vaccine targets with the potential to
dramatically reduce malaria-related morbidity and mortality.

The humoral arm of the immune system is believed to play a key role in naturally acquired
partial immunity to malaria [10, 11]. Early studies showed that transfer of serum from
partially immune individuals to non-immune individuals conferred some protection from
severe outcomes related to malaria [12, 13]. Immuno-epidemiological studies have also
shown associations between high levels of some malaria antibodies with protection [14, 15].
HIV-1 infection may affect some but not all malaria-specific antibody responses [16–20].
The specific mechanism explaining how this happens has not been well studied. HIV-1
infection is known to decrease the number and function of memory B cells [21–23]. HIV-1
infection may also impair B-cell proliferation and antibody response to some antigens [24].

Evaluating the specific defects in humoral immunity that result in higher risk of malaria
disease among a cohort of HIV-1-infected adults offers a unique model for identifying
which Plasmodium falciparum (Pf) proteins may be important for mediating protection.
Acquired partial immunity to malaria is negatively impacted by decreased parasite exposure
[2] and increasing HIV-1-associated immunodeficiency [25–27]. HIV-1 infection has been
associated with impairments to some but not all malaria-specific antibodies [16–20]. By
identifying which antibody responses are lost or impaired among those with limited parasite
exposure or lower CD4 count, we may be able to identify antigen-specific antibodies that are
protective. These proteins may prove essential for the development and/or characterization
of an effective malaria vaccine.

Protein microarrays allow for the evaluation of humoral responses to hundreds of malaria
antigens [28, 29]. Microarrays can also profile the antibody repertoire from a large sample
size providing statistically meaningful results not possible by other methods [28, 29]. Using
this technology, we previously constructed a protein microarray containing ~23% of the Pf
proteome. These antigens were selected according to specific sets of criteria, including
pattern of stage-specific gene or protein expression deduced from genomic or proteomic
data sets, subcellular localization, secondary structure and known immunogenicity or
antigenicity in human and animal models. Using this protein microarray, we profiled the
antibody repertoire among Malian children between the ages of 8 and 10 [30] and identified
491 immunoreactive proteins. Of these 491 immunoreactive proteins, we found that the
humoral responses to four leading malaria vaccine candidate antigens (CSP, MSP1, LSA1
and AMA1) were equally reactive in both protected and unprotected children [30].
Furthermore, we identified an additional 49 proteins that were associated with protection
from clinical malaria among Malian children.

Here, we extend this approach and compare the Pf antibody repertoires of two
geographically distinct locations with differing levels of endemicity and immunity to
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malaria. Our aim was to identify potential vaccine candidates by defining which antibody
responses are more reactive among adults with presumed partial immunity to malaria
compared with those without. Additionally, within each location we compared the antibody
repertoire of those with high CD4 counts to those with low CD4 counts. In this way, we
evaluated the effect of increasing HIV-1-associated immunodeficiency on humoral
immunity to malaria in two populations with different baseline malaria immunity.

2 Methods
2.1 Study design

We performed a cross-sectional analysis of stored samples gathered from 150 antiretroviral
naïve HIV-1 sero-positive adults participating in a large randomized controlled trial
evaluating the effect of deworming on markers of HIV-1 disease progression in Kenya.
Samples were collected between May, 2008 to May, 2009. All individuals provided written
informed consent to participate in this study. Both the parent trial and this study were
independently approved by the IRB of the University of Washington and the Ethical Review
Board of the Kenya Medical Research Institute. The parent trial has been registered as
NCT00507221 at http://clinicaltrials.gov.

2.2 Population
Totally, 150 stored plasma samples from individuals recruited in an ongoing randomized
clinical trial (RCT) were used for this study. To be enrolled in the parent study participants
had to be older than 18, non-pregnant, antiretroviral naïve, have a CD4+ count >350 and be
willing and able to give informed consent. For this study, we restricted participants to those
in the 20–40 age group. Seventy-five samples meeting the above criteria were randomly
selected from Kisii and another 75 were randomly selected from Kisumu.

2.3 Study sites
Kisumu and Kisii represent two areas of differing malaria endemicity. The entomologic
inoculation rates (EIR) is 31.1 infectious bites per person per year in Kisumu district as
compared with 0.4 in Kisii [31]. Malaria transmission is relatively low and seasonal in Kisii
(during rainy season), while Kisumu experiences high-intensity malaria transmission
throughout the year. Levels of protective immunity differ between individuals at each of
these sites. Kisii is prone to malaria epidemics because adults in Kisii do not have partial
immunity to malaria [32, 33]. Adults in areas of high malaria transmission such as Kisumu
typically acquire partial immunity to malaria which protects them from clinical malaria
disease and death [34].

2.4 Microarray construction
A detailed description of the Pf ORF cloning, in vitro expression, array printing method and
probing methods has been published elsewhere [30, 35]. Previous antigens were selected
based on specific sets of criteria, including pattern of stage-specific gene or protein
expression deduced from genomic or proteomic datasets, subcellular localization, secondary
structure, and known immunogenicity or antigenicity in human and animal models. Proteins
printed on the array were selected based on seroreactivity in our previous results of
individuals from malaria endemic regions [30] or patients vaccinated with irradiated
sporozites [35]. As such, a total of 499 Pf proteins from 382 Pf ORFs were selected to be
printed on the arrays used here. Pf proteins containing multiple exons and sequences larger
than 3000 bp were cloned as overlapping segments. An additional 72 proteins from four
HIV Clades (A1, A2, B and D) were printed on the array. Microarrays containing all 571 of
these proteins, expressed from in vitro transcription/translation (IVTT) reactions were
fabricated and probed as previously described [30, 35]. In brief, ORFs cloned into the pXT7
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vector were expressed under the T7 promoter in a 5 h Escherichia coli-based cell-free IVTT
reaction according to the manufacturer’s instructions. Proteins were printed using an Omni
Grid 100 microarray printer (Genomic Solutions) and analyzed for fluorescence on a Perkin
Elmer ScanArray Express HT microarray scanner. IVTT Expression efficiency was
determined by probing against the carboxy-terminal HA tags for each spot. Ninety-seven
percent of the spotted proteins had signals greater than the average of “No DNA” control
reactions plus 2.5 times the standard deviation, and were considered positively expressed. In
this manner, a protein microarray of 571 spotted proteins was fabricated, composed of 71
HIV and 483 Pf proteins, with positive and negative controls.

2.5 Data and statistical analysis
Intensities were quantified using QuantArray software, utilizing automatic background
subtraction for each spot. Proteins were considered to be expressed if either tag’s signal
intensity was greater than the average signal intensity of the IVTT reaction without plasmid,
plus 2.5 times the standard deviation. “No DNA” controls, consisting of IVTT reactions
without addition of plasmid, were averaged and used to subtract background reactivity from
the unmanipulated raw data. Proteins with average signal intensities greater than the average
“No DNA” controls plus 2.5 times the standard deviation were considered to be
seroreactive. All results presented are expressed as signal intensity. As previously reported
[36], the “vsn” package in the Bioconductor suite (http://Bioconductor.org/) in the R
statistical environment (http://www.R-project.org) was used to calculate seroreactivity [37].
In addition to the variance correction, this method calculates maximum likelihood shifting
and scaling calibration parameters for different arrays, using known non-differentially
expressed spots. This calibration has been shown to minimize experimental effects [37]. We
used raw values for the positive and negative controls to calibrate and then normalize the
entire data set using the vsn package. Differential analysis of the normalized signals was
performed using a Bayes-regularized t-test adapted from Cyber-T for protein arrays [38–41].
All p-values herein are Benjamini–Hochberg p-values adjusted for false-discovery, unless
stated otherwise [42].

We compared each study site to determine differences in malaria antibody profile. Within
each site, study participants were then divided into two groups based on CD4 count.
Individuals with CD4 counts of 200–500 were compared to individuals with CD4 counts
>500. The choice of CD4 cutoff was influenced by prior studies that have made comparisons
between those with CD4 <200, 200–500 and >500 [25–27]. These studies have suggested an
increase in malaria incidence with decreasing CD4 count. Because there were no individuals
with CD4 counts <200, we are only able to make comparisons between those with CD4
counts between 200 and 500 and those with CD4 counts >500.

3 Results
3.1 Study participant characteristics

Plasma samples from 150 HIV-1-infected adults from two locations of different malaria
endemicity were used for this study. Seventy-five of the samples were from individuals
living in Kisii and 75 were from Kisumu. The demographic characteristics of the population,
stratified by site of enrollment, are presented in Table 1. The mean age of the selected
participants was 29.9 years, with a range of 20–40. Individuals from the Kisumu site were
significantly younger than those from Kisii (28.7 versus 31.2 years, p-value<0.01). Overall,
78.7% of all participants were women, with a significantly higher proportion of women at
the Kisii site (85.3%) compared to the Kisumu site (72%) (p<0.05). Individuals in Kisumu
had higher rates of bednet usage (80.6 versus 28.4%, p<0.01). The differences in age and
gender were not felt to adversely affect our outcomes of interest (humoral responses to
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malaria). Bednet use was higher in Kisumu. This could potentially decrease parasite
exposure in Kisumu affecting our ability to detect differences between sites. The median
CD4+ count of the individuals was 560 (range: 275–1612). There was no significant
difference in the number of individuals with CD4+ counts <500 between the sites.

3.2 Identification of Pf-specific Ab profile differences between regions of high and low
malaria endemicity

We profiled the humoral immune response to Pf antigens between sites. As shown in Fig. 1,
individuals from Kisumu (presumed partial immunity) had higher and broader reactivity to
malaria antigens as compared to individuals from Kisii. We identified 57 antigens with
significantly different seroreactivity between Kisumu and Kisii (p-values <0.05) after
adjustment for false discovery (Fig. 2B). All 57 antigens were more seroreactive in Kisumu
as compared with Kisii. The 57 differentially reactive proteins are listed in Supporting
Information Table 1. Among these 57 are four of the leading vaccine candidates; CSP,
MSP2, LSA1 and AMA1 (Table 2). There were no significant differences in seroreactivity
to HIV antigens between sites (Fig. 2A).

3.3 Proteomic features of differentially reactive antigens
The 57 differentially seroreactive antigens were compared with our previous reported results
by Crompton et al. in which we identified 49 highly seroreactive antigens that correlate with
protection [30]. Ten of the 49 previously identified antigens were also identified here as
differentially reactive between the two locations. Furthermore, an additional 12 of the 49
previously identified antigens were identified here as seroreactive, but were not significantly
higher in the Kisumu group. The remaining 32 were below the seroreactive threshold. A list
of the 10 antigens that were identified as possible markers of immunity in both studies is
outlined in Table 3. All 10 proteins were predicted to be probable antigens utilizing Vaxijen
software (Table 3) (http://www.ddg-pharmfac.net/vaxijen/VaxiJen/Vaxi-Jen.html).

Immuno-informatics software was used to determine the probability of CD4 T-cell and B-
cell epitopes on the 10 antigens identified as being associated with protection in both this
study and Crompton et al. Multipred2 available at http://cvc.dfci.harvard.edu/multipred2/
index.php, was used to predict CD4 T-cell epitopes of the HLA DR1 supertype. Nine out of
the 10 antigens were predicted to have CD4 T-cell epitopes of the HLA DR1 supertype.
Only PF13_0190 was not predicted to bind to HLA DR1 supertype allele. Bepipred software
available at http://www.cbs.dtu.dk/services/BepiPred was used to predict the presence of
linear B-cell epitopes (Table 3). All ten antigens were predicted to have B-cell epitopes.

A detailed list comparing all P. falciparum antigens used on the array is presented in
Supporting Information Table 1. The 483 antigens that were printed on the array were down-
selected for being seroreactive on an array published earlier containing a diversified set of
2320 Pf proteins. Twenty-five of the 142 (17%) seroreactive proteins on the array presented
here contained a predicted signal peptide sequence, compared with 9.7% of the whole Pf
proteome, and fifty of the seroreactive proteins (35%) contain one or more predicted
transmembrane domains compared with 31% in the Pf proteome.

3.4 Identification of conserved antibody profile in patients with moderately diminished CD4
count

Humoral responses were compared between individuals with high CD4 counts (CD4>500)
and individuals with lower CD4 counts (CD4 ≤ 500) in the high transmission site (Kisumu)
and low transmission site (Kisii). A comparison of the antibody profiles of individuals with
CD4 count >500 to those with CD4 count ≤ 500 is presented in Fig. 3. The mean
seroreactivity for HIV and Pf antigens are displayed as bar graphs in Fig. 4A. Individuals
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with higher CD4 counts did not have significantly higher antibody response to either HIV or
Pf antigens after adjustment for false discovery for either site. Furthermore, CD4 cell count
did not correlate with average signal intensity of the seroreactive antigens for either Kisumu
or Kisii (R2=0.008 and R2=0.016, respectively) (Fig. 4C).

Although we did not find significant differences between CD4 count groups after adjustment
for multiple comparisons, we observed a possible trend in decreasing seroreactivity to Pf
antigens in lower CD4 count patients. Thirty-two proteins were more reactive among those
with higher CD4 counts when not adjusted for multiple comparisons (Fig. 4B). A complete
list of these 32 antigens is provided in Supporting Information Table 2. Of the four leading
vaccine candidates (CSP, MSP1, LSA1 and AMA1) printed on the array, only AMA1 was
more reactive among the high CD4 count group in Kisumu in unadjusted analysis (Table 4).
In Kisii, nine antigens were found to be differentially reactive between high CD4 and low
CD4 groups without adjustment for false discovery. Paradoxically, all nine were more
reactive in the low CD4 group as compared with the high CD4 group (Fig. 4B). However,
unlike the differences found in Kisumu, all nine of these proteins were relatively weakly
immunoreactive (<5000 signal intensity) in high and low CD4 group, and may represent
artifacts. None of the four leading vaccine candidates were differentially reactive in
unadjusted analysis when comparing CD4 groups in Kisii (Table 5).

4 Discussion
Understanding which Pf proteins are immune targets of acquired partial immunity could
provide crucial insights into malaria immunology and vaccine development. Fifty-seven
antigens were significantly more reactive among individuals with presumed partial
immunity as compared with individuals without. Further studies need to be performed on
these 57 antigens to determine if they are important in immune control of malaria.

The 57 antigens include 4 antigens that have been studied as potential vaccine candidates.
The 4 antigens are CSP, AMA1, LSA1 and MSP1. Previous immuno-epidemiological and
vaccine studies have suggested a potential role for antibodies against CSP [6, 43], AMA1
[44, 45], LSA1 [6] and MSP1 [46] in mediating protection from malaria. Our findings differ
from those reported in Crompton et al. In that study, these four antigens were not found to
correlate with protection. One potential rationale for the differences is that all participants in
that previous study were exposed to high levels of malaria parasites (an EIR as high as 60
bites/month during the rainy season) and may have induced a maximum or near maximum
antibody response to these four antigens [30]. In this study, individuals from a high
transmission area were compared with the individuals from a much lower level of
transmission, which may have allowed for the arrays to identify these differences.

Ten of the 57 antigens identified as significantly more reactive among individuals with
presumed partial immunity to malaria were identified as protective in Crompton et al. The
10 antigens are STARP, two PfEMP1 proteins, LSA1, antigen 332, p-type ATPase and 4
hypothetical proteins. All 10 antigens were predicted to possess B-cell epitopes. All antigens
also appeared to possess CD4 T-cell epitopes with the exception of 1 of the hypothetical
proteins. It is however possible that this antigen possessed CD4 T-cell epitopes recognized
by an HLA class II supertype other than HLA DR1.

STARP antigen is expressed on the surface of the sporozoite stage [47]. Although this
antigen has not been studied extensively as a vaccine candidate, earlier studies suggested
that humoral responses to this protein may play a role in immune protection [47]. In one
study, monoclonal antibodies to STARP antigen prevented sporozoite invasion into
hepatocytes [47]. PfEMP1 is an antigen that is thought to play a role in parasite adhesion to
capillaries [48]. The process of parasite adhesion is believed to be a crucial part of the
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pathogenesis of cerebral malaria [48]. PfEMP1 is highly polymorphic [49] making it a
challenging vaccine candidate. Population level studies have however suggested that
antibodies to a broad array of PfEMP1 variants may play a role in acquired immunity to
malaria in endemic areas [50]. LSA-1 is an antigen that has been studied as a vaccine
candidate [51]. Cellular immune responses to LSA-1 are thought to be important in malaria
immune control [52].

We found significant individual-to-individual variation within each site. These variations
were not explained by differences in CD4 cell count, and are likely due to small differences
in parasite exposure within each site. Factors such as consistent bed net use, use of other
mosquito repelling techniques, possible travel between areas of differing rates of malaria
transmission, and other factors may also contribute to intra-site differences.

CD4 count did not significantly affect humoral responses to malaria in this cohort. CD4 cells
play a critical role in malaria immune control [53]. Earlier studies have shown that CD4
cells are important in the generation of antibodies to pathogens [54, 55]. It is possible that
the increased malaria susceptibility seen in HIV-1-infected adults with lower CD4 counts is
primarily related to impairments in cellular immunity and not humoral immunity. Cellular
immune control of malaria parasites is mediated by the release of cytokines such as IFN-γ
and HIV-1 infection may lead to impaired cytokine responses to malaria parasites [53, 56].
Another possible explanation for the lack of association between CD4 count and humoral
responses to malaria is that the low CD4 count group in this cohort may not have been
sufficiently immunocompromised to detect differences. The median CD4 count in the low
CD4 groups in Kisii and Kisumu were 432 and 449 respectively. It is possible that malaria-
specific humoral immunity is impaired in severely immunocompromised HIV-1-infected
adults with lower CD4 counts contributing to higher risk of malaria in that group.

Although this study provides useful new insights on malaria immune responses, there are a
number of weaknesses in our study design. Our basic assumption in this study is that
intensity of malaria transmission correlates with partial immunity. However, this does not
take into account the fact that individuals may travel between sites potentially causing a bias
towards the null hypothesis. To truly determine who has partial immunity to malaria, it
would have been important to obtain longitudinal data on clinical malaria incidence within
this cohort. Alternatively, an antibody functional assay could have been used. Second, our
sample size may have limited our ability to detect differentially reactive antibody responses
associated with loss of CD4+ cells. The samples collected for this study had relatively high
CD4 counts in this cohort (median=560, range=275–1612). Hence we were unable to
analyze which responses are lost as CD4 counts drop below 200. Finally, partial immunity
to malaria involves both cellular and humoral arms of the immune system. Our study is only
able to evaluate humoral immunity.

In summary, this study utilizes a relatively new technique to study humoral immune
responses to malaria among individuals of differing susceptibility to malaria. We have
identified 57 antigens that were significantly more reactive among a group of adults with
presumed partial immunity to malaria as compared with adults prone to clinical malaria.
Given the limitations of this study, it will be important for more studies to be conducted to
determine the role of these 57 antigens in acquired partial immunity to malaria.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Clinical Relevance

Naturally acquired immunity to malaria develops among adults living in malaria endemic
areas after years of exposure to malaria. This immunity protects individuals from severe
disease and death but not from malaria infection. Studies suggest an important role for
humoral immune responses. Despite years of research there is still no clear understanding
of the targets of naturally acquired immunity to malaria. In this study, we utilize protein
microarray techniques to define which malaria specific immune responses are impaired
among individuals at higher risk for malaria. The immune responses identified by this
study may play an important role in naturally acquired malaria immunity. The results of
this study may provide new insights into malaria immunology and vaccine development.

Nnedu et al. Page 12

Proteomics Clin Appl. Author manuscript; available in PMC 2012 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Profiling the antibody repertoire of a collection of malaria unprotected and partially
protected individuals. Arrays containing 499 P. falciparum proteins were probed with 150
patient samples. The normalized antibody signal intensity to the 64 seroreactive antigens is
shown according to the colorized scale with red strongest, green weakest, and black in
between. The antigens are in rows and sorted by decreasing average signal intensity. Patient
samples are in columns and are sorted left to right by increasing average intensity to the 64
seroreactive antigens.
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Figure 2.
Identification of differentially reactive antigens. The mean seroreactivity of each antigen
was compared between unprotected and partially protected groups plotted red and blue,
respectively, with SEM. “e” and “s” at the end of the genes refers to exon number and
segment number. Corresponding p-values corrected for false discovery for each antigen are
shown as a green line on the secondary axis. (A) The 64 seroreactive antigens are compared
to the control HIV seroreactive ORFs and indicate that HIV seroreactivity was equal
between groups. (B) Only the 64 seroreactive antigens are displayed and the corresponding
locus tags are labeled on the x-axis.
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Figure 3.
Comparison of the seroreactivity between low and high CD4 counts within each group.
Normalized antibody signal intensity against the 161 most seroreactive antigens are shown
according to the colorized scale. (A) Individuals from Kisii (unprotected) and Kisumu
(partial protection) are organized into groups of CD4 count below 500 and above. (B) 32
antigens were found to be differentially reactive (unadjusted for false discovery). These
antigens are rows and are grouped according to differentially reactive and cross-reactive.
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Figure 4.
Differential seroreactivity of P. falciparum in patients with low and high CD4 count. Mean
seroreactivity of “low” and “high” CD4 counts are plotted in red and blue, respectively.
Corresponding unadjusted p-values for each antigen are shown on the secondary axis. “e”
and “s” at the end of the genes refers to exon number and segment number. (A) Comparison
of the mean seroreactivity of HIV and P. falciparum antigens between low and high CD4
count individuals within Kisumu and Kisii. (B) Identification of differentially reactive
antigens is displayed and the corresponding locus tags are labeled on the x-axis. (C) A
scatter plot comparison of the CD4 count (y-axis) and the mean seroreactivity to the 161
seroreactive antigens (x-axis). A linear regression trend line and R2 is displayed for Kisii
and Kisumu.
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Table 1

Basic demographic information

Variable Kisumu N=75 Kisii N=75 p-Value

Age – mean (SD) 28.7 (5.5) 31.2 (5.7) N/A

Male gender – no. (%) 21 (28.0) 11 (14.7) N/A

Use of bed net – no. (%) 58 (80.6) 21 (28.4) <0.01a)

CD4 count ≤ 500 – no. (%) 29 (38.7) 26 (34.7) 0.6

a)
Significant p-value.
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Table 2

Humoral reactivity of vaccine candidates by site

Antigen Average intensity for
Kisumu (N=75)

Average intensity for
Kisii (N=75)

p-Value p-Value (Benjamini–
Hochberg adjusted)a)

Circumsporozoite Protein (CSP) 16 690.5 4715.3 <0.01b) <0.01b)

Merozoite Surface Protein 1 (MSP-1) 15 668.7 8907.7 <0.01b) <0.01b)

Liver Stage Antigen 1 (LSA-1) 12 471.7 4775.3 <0.01b) <0.01b)

Apical Membrane Antigen 1 (AMA-1) 5803.1 2933.3 <0.01b) <0.01b)

a)
Benjamini–Hochberg adjusts for multiple comparisons were used to minimize the likelihood of false discovery.

b)
Significant p-value.
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Table 4

Humoral reactivity of vaccine candidates by CD4 count within Kisumu

Antigen Average intensity
CD4>500 (N=46)

Average intensity CD4 ≤
500 (N=29)

p-Value p-Value (Benjamini–
Hochberg adjusted)

Circumsporozoite Protein (CSP) 17 293.3 14646.5 0.4 0.8

Merozoite Surface Protein 1 (MSP-1) 17 142.2 12734.6 0.08 0.3

Liver Stage Antigen 1 (LSA-1) 12 396.1 11583.5 0.8 0.9

Apical Membrane Antigen 1 (AMA-1) 6507.9 4191.4 0.05a) 0.3

a)
Significant p-value.
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Table 5

Humoral reactivity of vaccine candidates by CD4 count within Kisii

Antigen Average intensity
CD4>500 (N=46)

Average intensity CD4 ≤
500 (N=29)

p-Value p-Value (Benjamini–
Hochberg adjusted)

Circumsporozoite Protein (CSP) 4538.7 5295.3 0.5 0.8

Merozoite Surface Protein 1 (MSP-1) 4780.5 5734.1 0.4 0.8

Liver Stage Antigen 1 (LSA-1) 5789.9 3192.6 0.2 0.7

Apical Membrane Antigen 1 (AMA-1) 3100.1 2792.6 1.0 1.0
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