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Asymptomatic Malaria Infection and the Immune 
Response to the 2-Dose Ad26.ZEBOV, MVA-BN-Filo 
Ebola Vaccine Regimen in Adults and Children
The EBOVAC-Salone Malaria Infection (MALI) Sub-Study Teama

Background. Malaria infection affects the immune response to some vaccines. As Ebola virus (EBOV) outbreaks have occurred 
mainly in malaria-endemic countries, we have assessed whether asymptomatic malaria affects immune responses to the 2-dose 
Ad26.ZEBOV, MVA-BN-Filo Ebola vaccine regimen.

Methods. In this sub-study of the EBOVAC-Salone Ebola vaccine trial in Sierra Leone, malaria microscopy was performed at 
the time of Ebola vaccination. Participants with symptomatic malaria were treated before vaccination. Ebola vaccine responses were 
assessed post-dose 1 (day 57) and post-dose 2 (day 78) by the EBOV glycoprotein FANG enzyme-linked immunosorbent assay 
(ELISA), and responses expressed as geometric mean concentrations (GMCs). Geometric mean ratios (GMRs) of the GMCs in 
malaria-positive versus malaria-negative participants were derived with 95% confidence intervals (CIs).

Results. A total of 587 participants were studied, comprising 188 adults (≥18 years) and 399 children (in age groups of 12–17, 
4–11, and 1–3 years). Asymptomatic malaria was observed in 47.5% of adults and 51.5% of children on day 1. Post-dose 1, GMCs 
were lower in 1–3-year-old malaria-positive compared with malaria-negative children (age group–specific GMR, .56; 95% CI, .39–
.81) but not in older age groups. Post-dose 2, there was no consistent effect of malaria infection across the different age groups but 
there was a trend toward a lower response (GMR, .82; 95% CI, .67–1.02).

Conclusions. The Ad26.ZEBOV, MVA-BN-Filo Ebola vaccine regimen is immunogenic in participants with asymptomatic ma-
laria. Therefore, it is not necessary to screen for asymptomatic malaria infection prior to vaccination with this regimen.

Keywords. malaria; Ebola vaccination; immune suppression.

Ebola virus (EBOV) disease (EVD) is an infection of major 
global health importance. The world’s largest EVD outbreak 
occurred in West Africa in 2014–2016, causing more than 28 
600 cases and 11 300 deaths [1]. The second-largest outbreak 
occurred in 2018–2020 in the Democratic Republic of Congo 
(DRC), with over 3400 cases and nearly 2300 deaths [2]. Further 
outbreaks in 2021 in the DRC [3] and Guinea [4] underline 
that recurrent outbreaks of this devastating infection are likely 
in the coming years. Accordingly, research to identify safe and 
effective vaccines against EVD has been a major international 
scientific priority for the past few years. Two Ebola vaccine re-
gimens have received regulatory marketing authorization (MA) 
[5-7] and World Health Organization (WHO) prequalification 
[8, 9]. A recombinant vesicular stomatitis virus Ebola vaccine 

(rVSVΔG-ZEBOV-GP) has received conditional MA in the 
European Union (EU) [7] and approval for use in adults in the 
United States [6] and several African countries [10]. Similarly, a 
heterologous 2-dose regimen consisting of an adenovirus vector 
expressing the Zaire Ebola virus glycoprotein (GP) (Ad26.
ZEBOV) as dose 1, followed after 56 days by a modified vac-
cinia Ankara (MVA) viral construct (MVA-BN-Filo) as dose 
2 (the 2-dose Ad26.ZEBOV, MVA-BN-Filo regimen), has re-
ceived MA in the EU for prophylactic use for adults and chil-
dren aged 1 year or older [5].

The sub-Saharan African regions affected by EVD are also 
areas affected by malaria, which remains a leading cause of mor-
bidity and mortality. The WHO estimated that 229 million cases 
of malaria occurred in 2019, with 409 000 deaths, of which the 
vast majority occurred in Africa [11]. Malaria, including asymp-
tomatic malaria, can impair the immune response to vaccina-
tion [12-14]. Although the mechanisms for this impairment 
have not been fully elucidated, they are likely to involve immune 
dysregulation of both T-cell and B-cell functions [15, 16]. The im-
pact of malaria on vaccine responses appears to depend on the 
vaccine type. In children with symptomatic malaria, impaired hu-
moral responses to tetanus toxoid and typhoid [15], Haemophilus 
influenzae type b conjugate [17], and meningococcal polysaccha-
ride [18] vaccination have been observed, and children protected 
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with malaria chemoprophylaxis showed a higher antibody re-
sponse to a meningococcal polysaccharide vaccine than a control 
group [19]. Conversely, there was no evidence that malaria infec-
tion impaired immune responses to the HPV-16/18 recombinant 
AS04-adjuvanted vaccine in adolescents [20, 21] or adults [20] 
in East Africa. Considering that EVD outbreaks have occurred 
in countries where malaria is common, it is important to deter-
mine whether malaria infection could affect immune responses 
to Ebola vaccination, which might thus necessitate routine ma-
laria screening before vaccination. Therefore, we have evaluated 
whether the presence of malaria parasitemia at the time of vac-
cination has an impact on the antibody response to the 2-dose 
Ad26.ZEBOV and MVA-BN-Filo vaccine regimen in healthy 
adults and children during an Ebola vaccine trial conducted in 
Sierra Leone, a country with a very high prevalence of malaria 
infection in both adults and children [22].

METHODS

Study Design

This observational cohort sub-study was nested within the 
EBOVAC-Salone trial, which evaluated the safety and immu-
nogenicity of the 2-dose Ad26.ZEBOV, MVA-BN-Filo Ebola 
vaccine regimen in Sierra Leonean adults [23] and children be-
tween September 2015 and July 2018. The study was conducted 
in Kambia District in Sierra Leone, where malaria is a major 
public health issue [24] within a resource-restricted setting with 
socioeconomic limitations [25]. Information on the EBOVAC-
Salone trial design is available on www.clinicaltrials.gov (identi-
fier: NCT02509494), and has been published in detail elsewhere 
[23, 26]. Stage 1 of the trial was an open-label study in which 43 
adults received the Ebola vaccine regimen. Stage 2 was an indi-
vidually randomized trial in which adults (aged >18 years), ado-
lescents (12–17 years), older children (4–11 years), and toddlers 
(1–3 years) were vaccinated in a sequential, age–de-escalated 
fashion, with individuals receiving either the Ebola vaccine reg-
imen (Ad26.ZEBOV on day 1 as dose 1, and MVA-BN-Filo on 
day 57 as dose 2), or an active control. Only stage 2 participants 
were enrolled in this malaria sub-study, which was approved by 
the Sierra Leone Ethics and Scientific Review Committee and 
the London School of Hygiene and Tropical Medicine Ethics 
Committee.

Participants

All stage 2 trial participants were invited to join this sub-study. 
They comprised 400 adults (aged >18 years) and 576 children 
aged 1 year or older (192 adolescents aged 12–17 years, 192 
children aged 4–11 years, and 192 toddlers aged 1–3 years). 
Sociodemographic information (eg, age and sex) was obtained 
as part of the main trial documentation, and additional infor-
mation on participants’ exposure to risk factors for malaria was 
obtained specifically for this sub-study. After trial completion 

and data unblinding, only participants who received Ebola vac-
cination per protocol and consented to the malaria sub-study 
were included in this analysis.

Consenting

EBOVAC-Salone trial stage 2 participants who met the trial in-
clusion criteria were invited to join this sub-study on the day of 
dose 1 vaccination, and informed consent (plus informed as-
sent in children aged 7–17 years) was obtained using a separate 
process from that used for the main trial. During this sub-study 
consenting, potential participants received full study details, in-
cluding that they were free to withdraw consent at any time, 
without prejudice to their participation in the main trial.

Malaria Prevention, Testing, and Treatment

At screening, and on dose 1 and 2 vaccination days, clinical eval-
uation of participants included assessment for malaria, noting 
variations between adults and children, in accordance with na-
tional guidelines [27]. Those with findings suggestive of malaria 
were tested with the First Response Malaria Ag. (pLDH/HRP2) 
Combo Rapid Diagnostic Test (Premier Medical Corporation 
Private Limited, Mumbai), and if they tested positive, they were 
treated with a full course of an age-appropriate antimalarial reg-
imen in line with the guidelines. Vaccination and sample collec-
tion were then deferred until they had completed treatment and 
became asymptomatic. All participants were provided with an 
insecticide-treated bednet at study enrollment and encouraged 
to sleep under this bednet.

Clinical Samples

Blood samples were collected from all participants to determine 
EBOV-specific immunoglobulin G (IgG) antibodies before 
dose 1 vaccination (on day 1, for baseline antibody measure-
ments), before dose 2 vaccination (on day 57, for post-dose 1 
antibody measurements), and on day 78 (for post-dose 2 anti-
body measurements).

On each occasion, an ethylenediaminetetraacetic acid 
(EDTA) blood sample was also obtained for a complete blood 
count (CBC) as part of the trial protocol. For participants who 
consented to the malaria sub-study, aliquots from the EDTA 
samples on days 1 and 57 (the dose 1 and 2 vaccination days) 
were used to prepare thin and thick blood films for malaria 
microscopy, including measurement of parasite density and 
speciation.

Malaria Microscopy

Blood films were Giemsa-stained, stored, and subsequently 
examined in batches by 2 experienced microscopists. Where 
there was discordance between the results of the 2 readers in 
terms of positivity or parasite density, a third microscopist read 
the slide, and a final result was obtained according to preset cri-
teria [28], following the WHO malaria microscopy guide [29]. 
Interrater reliability was analyzed using the kappa coefficient to 
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estimate consistency and degree of agreement between the mi-
croscopists who independently read each slide. External quality 
control was established for the reading of blood films through 
independent cross-checking of a 10% randomly selected sample 
of slides by an experienced external microscopist.

Ebola Antibody Assay

EBOV GP–specific antibody concentrations were measured at 
Q2 Solutions Vaccine Testing Laboratory (San Juan Capistrano, 

CA, USA), using the EBOV GP (Kikwit) Filovirus Animal Non-
Clinical Group (FANG) enzyme-linked immunosorbent assay 
(ELISA) [30]. The antibody geometric mean concentration 
(GMC) in arbitrary ELISA units (EU)/mL was calculated for 
each group, with 95% confidence intervals (CIs).

Data Management

Demographic information and Ebola antibody data were im-
ported from the database of the main clinical trial. Additional 

Figure 1. Study participants.
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demographic information on malaria study participants, data 
on risk factors for malaria infection, and the malaria microscopy 
readings were recorded on paper forms and double-entered in an 
OpenClinica database (OpenClinica LLC, Waltham, MA, USA). 
The separate databases were merged into a composite dataset.

Statistical Analysis

Formal sample-size calculations for the malaria subanalysis 
were not done because analysis was restricted to samples from 
participants enrolled in the EBOVAC-Salone trial. We per-
formed log-normal power calculations on enrollment data for 
the trial intervention arm and determined that, with at least 
550 participants receiving the 2-dose Ebola vaccine regimen, 
we would have 90% power to detect a ratio of GMCs of 0.87 
for EBOV GP–specific IgG antibodies in participants with ma-
laria parasitemia compared with those without parasitemia, as-
suming a prevalence of 50% for malaria parasitemia among trial 
participants (based on the most recent Malaria Indicator Survey 
data for Kambia District) [22], a coefficient of variation of 0.5 
within each of the 2 groups (participants with and without par-
asitemia), and an alpha (type I) error of 0.05. As the antibody 

concentrations showed a skewed distribution, the EBOV GP–
specific antibody concentrations were log-transformed using 
log base 10 for regression modeling of the GMCs, and the cor-
responding 95% CIs were estimated. The age-specific effect and 
the overall effect of malaria on antibody response were deter-
mined by calculating age-specific and overall GMCs (95% CI) 
for malaria-negative and -positive participants. Linear regres-
sion was used to compare mean log-transformed EBOV GP an-
tibody concentrations between participants with and without 
malaria in each age group and overall. Since the prevaccination 
antibody concentrations differed between participants, ad-
justed coefficients for the effect of malaria on vaccine-induced 
immune responses were obtained by including prevaccination 
EBOV GP–specific antibody concentrations as an independent 
variable in the linear regression models. These adjusted regres-
sion coefficients and 95% CIs were back-transformed to obtain 
geometric mean ratios (GMRs) (ie, ratios of GMCs in partici-
pants with malaria parasitemia compared with those without 
parasitemia). Post-dose 2 antibody concentrations were com-
pared between individuals with malaria infection at both vac-
cination time points and those with malaria infection on only 
1 of the vaccination days. Finally, correlation analysis was used 
to examine the quantitative association between malaria para-
site density at the time of vaccination and the postvaccination 
antibody concentration. Pearson correlation coefficients were 
obtained after each dose and in each age group.

RESULTS

Study Participants

The study flow chart is presented in Figure 1. A total of 140 of the 
730 trial participants in the Ebola vaccine group did not meet the 
requirements for inclusion in this study, including 55 who did 
not receive dose 2 and 72 individuals who received dose 2 outside 
the protocol window due to a temporary regulatory pause in the 
trial. Overall, 587 participants were included in the malaria study 
analysis (Figure 1 and Table 1), of whom 188 were adults aged 
18 years or older and 399 were children (125 aged 1–3 years, 133 
aged 4–11 years, and 141 aged 12–17 years). Overall, 368 partici-
pants (63%) were male. Details on other sociodemographic char-
acteristics of the participants are shown in Table 1.

Malaria Parasitemia

The prevalence of malaria parasitemia was high in all age groups 
at both vaccination time points. On day 1, the overall prevalence 
of parasitemia was 50.3%: 22.5% in the 1–3-year age group, 
51.1% in children aged 4–11 years, 77.5% in those aged 12–17 
years, and 47.5% in adults. On day 57, the overall prevalence of 
parasitemia was 38.6%: 17.9% in the 1–3-year age group, 42.7% 
in children aged 4–11 years, 64.1% in those aged 12–17 years, 
and 31.4% in adults (Table 2). An analysis of risk factors for 
malaria infection is provided in Supplementary Tables 1 and 2. 

Table 1. Participants’ Sociodemographic Characteristics

Characteristics n (%) 

Age cohort

  1–3 years 125 (21)

  4–11 years 133 (23)

  12–17 years 141 (24)

  ≥18 years 188 (32)

Sex

  Male 368 (63)

  Female 219 (37)

Ethnicity

  Themne 405 (69)

  Limba 71 (12)

  Soso 50 (9)

  Mende 24 (4)

  Fula 14 (2)

  Other ethnicity 23 (4)

Religion

  Muslim 484 (82)

  Christian 100 (17)

  None or not stated 3 (1)

Level of education

  No formal education 160 (27)

  Primary (1–6 grades) 200 (34)

  Secondary/high school 213 (36)

  Tertiary level 14 (2)

Occupation

  Student 174 (30)

  Self-employed 57 (10)

  Unemployed 25 (4)

  Salaried employment 12 (2)

  Other 319 (54)

N = 587.
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As expected, young age (P<.001) and not using an insecticide-
treated bednet (P=.029) were predictive of malaria parasitemia 
in the adjusted analysis (Supplementary Table 2). Plasmodium 
falciparum accounted for a large majority of the infections; 1 in-
fection with P. ovale and 5 with P. malariae were detected. The 
percent agreement and interrater reliability between the 2 inde-
pendent slide readers was high, with 95.8% agreement (kappa 
= 0.9164) for day 1 microscopy and 93.1% agreement (kappa = 
0.8569) for day 57 microscopy (Supplementary Table 3).

Effect of Malaria Infection on the EBOV GP–Specific Antibody Response

EBOV GP–specific antibody concentrations were measured and 
compared in malaria-positive and malaria-negative individ-
uals after each vaccine dose. After adjusting for prevaccination 

baseline antibody concentrations (Figure 2), a GMR for anti-
body concentration post-dose 1 of .72 (95% CI, .61–.84) was 
found for all age groups combined. Age group–specific GMRs 
at this time point were .56 (95% CI, .39–.81) in the 1–3-year 
age group, .99 (95% CI, .74–1.31) in children aged 4–11 years, 
1.15 (95% CI, .83–1.58) in those aged 12–17 years, and .89 (95% 
CI, .70–1.12) in adults. For antibody concentrations after dose 
2 vaccination, the GMR for all ages combined was .82 (95% CI, 
.67–1.02), and the age group–specific GMRs were .80 (95% CI, 
.35–1.79) in the 1–3-year age group, .63 (95% CI, .43–.92) in the 
4–11-year age group, 1.24 (95% CI, .80–1.93) in the 12–17-year 
age group, and .87 (95% CI, .65–1.17) in adults. The lower an-
tibody concentrations found in malaria-positive 1–3-year-olds 
following dose 1 were no longer observed after dose 2.

Table 2. Effect of Malaria Infection on the Immune Response to the 2-Dose Ad26.ZEBOV, MVA-BN-Filo Ebola Vaccine Regimen

Age Group 
Malaria Infection Pre-Dose 1 (Day 1) and Ebola Antibody  

Post-Dose 1 (Measured on Day 57)
Malaria Infection Pre-Dose 2 (Day 57) and Ebola Antibody  

Post-Dose 2 (Measured on Day 78)

1–3 years n = 120 n = 123

Day 1 malaria 

Positive (%) Negative (%) 

Day 57 Malaria 

Positive (%) Negative (%) 

n = 27 (22.5%) n = 93 (77.5%) n = 22 (17.9%) n = 101 (82.1%)

Day 57 EBOV GP–specific 
antibody

GMC (95% CI)

475
(340 663)

779
(658 922)

Day 78 EBOV 
GP–specific 
antibody

GMC (95% CI)

18 874
(8344, 42 692)

23 378
(19 428, 28 133)

4–11 years n = 133 n = 117

Day 1 malaria

Positive (%) Negative (%)

Day 57 Malaria

Positive (%) Negative (%)

n = 68 (51.1%) n = 65 (48.9%) n = 50 (42.7%) n = 67 (57.3%)

Day 57 antibody
GMC (95% CI)

399
(321 498)

381
(304 477)

Day 78 anti-
body

GMC (95% CI)

7755
(5664, 10 619)

13 860
(11 060, 17 369)

12–17 years n = 139 n = 131

Day 1 malaria

Positive (%) Negative (%)

Day 57 Malaria

Positive (%) Negative (%)

n = 107 (77.0%) n = 32 (23.0%) n = 84 (64.1%) n = 47 (35.9%)

Day 57 antibody
GMC (95% CI)

329
(278 390)

274
(185 406)

Day 78 anti-
body

GMC (95% CI)

10 593
(8559, 13 109)

8994
(5991, 13 504)

18+ years n = 181 n = 175

Day 1 malaria

Positive (%) Negative (%)

Day 57 Malaria

Positive (%) Negative (%)

n =86 (47.5%) n = 95 (52.5%) n = 55 (31.4%) n = 120 (68.6%)

Day 57 antibody
GMC (95% CI)

206
(169 250)

260
(213 319)

Day 78 anti-
body

GMC (95% CI)

3513
(2724, 4532)

4037
(3396, 4800)

Overall  
totals n = 573 n = 546

Day 1 malaria

Positive (%) Negative (%)

Day 57 Malaria

Positive (%) Negative (%)

n = 288 (50.3%) n = 285 (49.7%) n = 211 (38.6%) n = 335 (61.4%)

Day 57 antibody
GMC (95% CI)

310
(278 346)

408
(362, 461)

Day 78 anti-
body

GMC (95% CI)

7837
(6630, 9264)

9817
(8585, 11 227)

The EBOV-specific binding antibody GMC (95% CI), in each age group and at each vaccination time point in relation to the presence or absence of malaria parasitemia at the time of vacci-
nation is shown.

Abbreviations: CI, confidence interval; EBOV, Ebola virus; GMC, geometric mean concentration; GP, glycoprotein.
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Antibody concentrations were compared in those who were 
malaria-positive (any species, and at 1 or both visits), using the 
GMC in malaria-negative participants as the reference at each 
time point. The age-adjusted GMR was .75 (95% CI, .56–1.01) 
in those who were malaria-positive at both time points (Table 3).

The potential impact of malaria parasite density at the time of 
vaccination on the antibody concentrations after each dose and 
in each age group was determined. Although a negative correla-
tion was observed between antibody concentration and parasite 
density in children aged 1–3 years after dose 2 (r = −0.401), no 
clear pattern emerged overall (Figure 3).

DISCUSSION

As Ebola outbreaks occur in tropical African settings where ma-
laria remains highly prevalent, widespread Ebola vaccination is 

most likely to be undertaken in areas with a high malaria prev-
alence. Malaria is recognized to impact some vaccine immune 
responses [14, 15, 17, 18]. In this study, we observed lower anti-
body concentrations 57 days after dose 1 in young children with 
asymptomatic malaria at the time of vaccination compared with 
aparasitemic children, but this is likely of limited impact as this 
effect on antibody concentrations was not observed at 21 days 
post-dose 2, when the prevalence of malaria parasitemia was 
lower than at the time of the first dose. Moreover, at both time 
points, parasitemia prevalence in these 1–3-year-old children 
was notably lower than in all others, further moderating the 
significance of the finding in this age group. There were no sig-
nificant differences between parasitemic and aparasitemic par-
ticipants among older children and adults at either time point.

These findings are similar to those found in another study 
of the impact of malaria on the immune response to an Ebola 

Figure 2. Geometric mean ratios of EBOV GP–specific binding antibody GMCs, in malaria parasite-positive and -negative individuals by age. The effects of malaria in-
fection, as determined by microscopy, at the time of vaccination on postvaccination antibody concentrations for dose 1 (A) and for dose 2 (B) are shown. Abbreviations: CI, 
confidence interval; EBOV, Ebola virus; GP, glycoprotein; GMC, geometric mean concentration; GP, glycoprotein.

Table 3. Post-Dose 2 EBOV GP–Specific Binding Antibody Concentrations (ELISA Units/mL) on Day 78, Categorized According to Microscopy-Confirmed 
Malaria Parasitemia on Day 1 and Day 57

Malaria Parasitemia (Microscopy) EBOV GP–Specific Binding Antibody (Day 78)

Time Point n % 
GMC

(95% CI)  Crude GMC Ratio (95% CI)  Age-Adjusted GMC Ratio (95% CI) 

Negative
(both day 1 and day 57)

209 37.8 11 552 (9769–13 660) Reference Reference

Positive day 1 and negative day 57 137 24.8 7251 (5905–8904) .63 (.48–.82) .74 (.59–.94)

Negative day 1 and positive day 57 75 13.6 7909 (5936–10 537) .68 (.49–.95) .7 (.53–.93)

Positive (both day 1 and day 57) 132 23.9 7814 (6331–9645) .68 (.52–.88) .75 (.56–1.01)

N = 553. Those who tested malaria microscopy negative at both time points are taken as the reference group.

Abbreviations: CI, confidence interval; EBOV, Ebola virus; ELISA, enzyme-linked immunosorbent assay; GMC, geometric mean concentration; GP, glycoprotein.
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Figure 3. Correlation between malaria parasite density at the time of vaccination, and postvaccination antibody concentrations by age group: dose 1 (upper panels), dose 
2 (lower panels). Abbreviations: EBOV, Ebola virus; GP, glycoprotein; IgG, immunoglobulin G.
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vaccine undertaken in adults in Sierra Leone [31]. In that pre-
vious study, which, apart from including only adults, has sev-
eral other differences from the study reported in this paper, 
the impact of asymptomatic malaria parasitemia was detected 
by polymerase chain reaction (PCR) rather than microscopy, 
and was evaluated over a period of 12 months in 506 adult 
subjects immunized with the single-dose rVSVΔG-ZEBOV-GP 
Ebola vaccine; children were not included. Antibody responses 
were measured by both FANG ELISA and a plaque neutrali-
zation (PRNT) assay. Although a sensitive malaria PCR assay 
was used, the prevalence of parasitemia (14.6%) in the previous 
study was substantially less than the 47.5% found in adults in 
the study described in this paper, perhaps because the former 
was undertaken in an urban area while our study population is 
from a rural setting with higher malaria transmission. The pre-
vious study also observed lower measurements in parasitemic 
subjects at the 1-, 6-, and 9–12-month time points in the PRNT 
assay, and at the 6- and 9–12-month time points with the ELISA, 
but differences between groups were not marked and 95% con-
fidence limits overlapped at all time points. The findings from 
these 2 studies are reassuring, indicating that either Ebola vac-
cine could be used successfully in malaria-endemic areas, with 
no need to routinely screen for malaria before vaccination (or 
for presumptive malaria treatment at vaccination).

The strengths of this study include the inclusion of young 
children as well as adolescents and adults, because malaria 
disproportionately affects children compared with older age 
groups. Its limitations include measuring post-dose 1 antibody 
at 2 months after vaccination, thus possibly missing an impact 
of malaria on the early immune response. However, as this is a 
2-dose vaccine regimen, the post-dose 2 antibody is of primary 
importance. Although we did not include virus neutralizing an-
tibody measurement in this study, we and others have shown 
that binding and neutralizing antibody responses to the Ad26.
ZEBOV, MVA-BN-Filo vaccine regimen correlate well [23, 32]. 
Therefore, a similar effect of malaria infection on both binding 
and neutralizing antibody responses would be expected, as seen 
with the rVSVΔG-ZEBOV-GP vaccine [31]. Our study only in-
cluded asymptomatic individuals, so the impact of symptomatic 
malaria at the time of vaccination on this Ebola vaccine reg-
imen remains unknown.

Further questions remain regarding the potential influence 
of malaria on Ebola vaccine responses. We did not include chil-
dren under the age of 1 year in this study, but the possible im-
pact of malaria on the antibody response to the 2-dose Ad26.
ZEBOV, MVA-BN-Filo Ebola vaccine regimen in infants is cur-
rently being addressed in a separate study in Sierra Leone (www.
clinicaltrials.gov; identifier: NCT03929757). Furthermore, in 
this study, the presence of malaria parasitemia was measured 
at 2 time points, while it is possible that the degree of past ex-
posure to malaria over months or years could influence the 
immune response to the 2-dose Ad26.ZEBOV, MVA-BN-Filo 

Ebola vaccine regimen. This possibility is currently being ex-
plored in a separate study by measuring antibody responses to a 
panel of malaria antigens at the time of vaccination.

Overall, this study has shown that there is no indication that 
asymptomatic malaria infection at the time of vaccination has 
a meaningful impact on the immunogenicity of the 2-dose 
Ad26.ZEBOV, MVA-BN-Filo Ebola vaccine regimen, and the 
observed modest effect should not impair the efficacy of this 
vaccine regimen in areas where malaria is highly endemic and 
where the vaccine may be needed most in the future.
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Consisting of data provided by the authors to benefit the reader, the posted 
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Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod 
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim 
veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea 
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate 
velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat 
cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id 
est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed 
do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim 
ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip 
ex ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
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eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
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Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet, 
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation 
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure 
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla 
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa 
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit 
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut 
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud 
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. 
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident, 
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem 
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor 
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, 
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo 
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse 
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat 
non proident, sunt in culpa qui officia deserunt mollit anim id est 
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do 
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex 
ea commodo consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint 
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit 
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing 
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua. 
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi 
ut aliquip ex ea commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia 
deserunt mollit anim id est laborum. 
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