
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

2020-Current year OA Pubs Open Access Publications 

8-14-2020 

Safety, tolerability, and immunogenicity of Plasmodium Safety, tolerability, and immunogenicity of Plasmodium 

falciparum sporozoite vaccine administered by direct venous falciparum sporozoite vaccine administered by direct venous 

inoculation to infants and young children: Findings from an age inoculation to infants and young children: Findings from an age 

de-escalation, dose-escalation, double-blind, randomized de-escalation, dose-escalation, double-blind, randomized 

controlled study in western Kenya controlled study in western Kenya 

Laura C Steinhardt 

Ginnie Abarbanell 

et al. 

Follow this and additional works at: https://digitalcommons.wustl.edu/oa_4 

 Part of the Medicine and Health Sciences Commons 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/oa_4
https://digitalcommons.wustl.edu/open_access_publications
https://digitalcommons.wustl.edu/oa_4?utm_source=digitalcommons.wustl.edu%2Foa_4%2F958&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=digitalcommons.wustl.edu%2Foa_4%2F958&utm_medium=PDF&utm_campaign=PDFCoverPages


M A J O R  A R T I C L E

Safety of PfSPZ Vaccine in Children • cid 2020:71 (15 August) • 1063

Clinical Infectious Diseases

 

Received 1 July 2019; editorial decision 10 September 2019; accepted 16 September 2019; 
published online September 26, 2019.

Correspondence: L.  C. Steinhardt, Malaria Branch, Division of Parasitic Diseases and 
Malaria, Center for Global Health, Centers for Disease Control and Prevention, 1600 Clifton 
Road NE, Atlanta, GA XXXXX (iyp6@cdc.gov).

Clinical Infectious Diseases®  2020;71(4):1063–71
Published by Oxford University Press for the Infectious Diseases Society of America 2019. This 
work is written by (a) US Government employee(s) and is in the public domain in the US.
DOI: 10.1093/cid/ciz925

Safety, Tolerability, and Immunogenicity of Plasmodium 
falciparum Sporozoite Vaccine Administered by Direct 
Venous Inoculation to Infants and Young Children: 
Findings From an Age De-escalation, Dose-Escalation, 
Double-blind, Randomized Controlled Study in 
Western Kenya
Laura C. Steinhardt,1,  Thomas L. Richie,2 Reuben Yego,3 Dorcas Akach,3 Mary J. Hamel,1 Julie R. Gutman,1 Ryan E. Wiegand,1 Elizabeth L. Nzuu,3  
Allan Dungani,3 Natasha KC,2 Tooba Murshedkar,2 L. W. Preston Church,2 B. Kim Lee Sim,2 Peter F. Billingsley,2 Eric R. James,2 Yonas Abebe,2  
Simon Kariuki,3 Aaron M. Samuels,1 Kephas Otieno,3 Tony Sang,3 S. Patrick Kachur,1,4 David Styers,5 Kelly Schlessman,5 Ginnie Abarbanell,6  
Stephen L. Hoffman,2 Robert A. Seder,7 and Martina Oneko3

1Malaria Branch, Division of Parasitic Diseases and Malaria, Center for Global Health, Centers for Disease Control and Prevention, Atlanta, Georgia, USA; 2Sanaria Inc, Rockville, Maryland, USA; 
3Kenya Medical Research Institute, Centre for Global Health Research, Kisumu, Kenya; 4Mailman School of Public Health, Columbia University, New York, New York, USA; 5The Emmes Corporation, 
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Background. The whole Plasmodium falciparum sporozoite (PfSPZ) vaccine is being evaluated for malaria prevention. The vac-
cine is administered intravenously for maximal efficacy. Direct venous inoculation (DVI) with PfSPZ vaccine has been safe, tolerable, 
and feasible in adults, but safety data for children and infants are limited.

Methods. We conducted an age de-escalation, dose-escalation randomized controlled trial in Siaya County, western Kenya. 
Children and infants (aged 5–9 years, 13–59 months, and 5–12 months) were enrolled into 13 age-dose cohorts of 12 participants 
and randomized 2:1 to vaccine or normal saline placebo in escalating doses: 1.35 × 105, 2.7 × 105, 4.5 × 105, 9.0 × 105, and 1.8 × 106 
PfSPZ, with the 2 highest doses given twice, 8 weeks apart. Solicited adverse events (AEs) were monitored for 8 days after vaccina-
tion, unsolicited AEs for 29 days, and serious AEs throughout the study. Blood taken prevaccination and 1 week postvaccination was 
tested for immunoglobulin G antibodies to P. falciparum circumsporozoite protein (PfCSP) using enzyme-linked immunosorbent 
assay.

Results. Rates of AEs were similar in vaccinees and controls for solicited (35.7% vs 41.5%) and unsolicited (83.9% vs 92.5%) AEs, 
respectively. No related grade 3 AEs, serious AEs, or grade 3 laboratory abnormalities occurred. Most (79.0%) vaccinations were ad-
ministered by a single DVI. Among those in the 9.0 × 105 and 1.8 × 106 PfSPZ groups, 36 of 45 (80.0%) vaccinees and 4 of 21 (19.0%) 
placebo controls developed antibodies to PfCSP (P < .001).

Conclusions. PfSPZ vaccine in doses as high as 1.8 × 106 can be administered to infants and children by DVI, and was safe, well 
tolerated, and immunogenic.

clinical Trials Registration. NCT02687373.
Keywords.  malaria; vaccine; sporozoite; safety; infants.

With recent stalled progress in reducing the global ma-
laria burden [1], additional malaria prevention approaches 
are needed. Malaria burden is highest among children aged 
<5  years; vaccines targeting infants could prevent substantial 

morbidity and mortality. Whole Plasmodium falciparum sporo-
zoite (PfSPZ) vaccines are promising, with advances in vaccine 
manufacturing and optimization of administration route and 
dose increasing vaccine efficacy (VE) [2–7].

PfSPZ vaccine (Sanaria, Rockville, Maryland, USA) consists 
of live, radiation-attenuated, aseptic, purified, cryopreserved 
PfSPZ. PfSPZ vaccine has been shown to be safe and well tol-
erated in adults [2, 4, 7]. Administration through intradermal 
or subcutaneous routes elicited low-level immunity and limited 
protection against controlled human malaria infection (CHMI) 
[8]; intravenous (IV) administration in nonhuman primates in-
duced significantly higher hepatic CD8+ T-cell responses [8]. IV 
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administration resulted in sterile protection against CHMI in 6 
of 6 malaria-naive volunteers [6], 29% VE against natural expo-
sure by proportional analysis, and 52% by time-to-event anal-
ysis at 24 weeks in Malian adults [7], providing proof of concept 
for this immunization route with PfSPZ vaccine. Increasing the 
dose of PfSPZ vaccine is important for increasing VE.

Notably, vaccine immunogenicity is lower in malaria-exposed 
African adults than in malaria-naive volunteers [7, 9], pos-
sibly because prior exposure downregulates immune responses 
to the vaccine [10, 11]. This suggests that vaccinating infants 
with less malaria exposure may yield better immune responses. 
Infants aged 5–12 months might be an appropriate target group, 
as maternal antibodies wane by about 6  months [12, 13], and 
immune responses may be enhanced compared to responses 
soon after birth; immune responses and efficacy were higher 
among children 5–17  months old compared to those 6–12 
weeks old following vaccination with the subunit P. falciparum 
circumsporozoite protein (PfCSP) RTS,S/AS01 vaccine [14]. 
Thus, immune responses in infants need to be explored, and 
there is limited experience with PfSPZ vaccine in children and 
infants [15]. Therefore, we conducted a pilot study in children 
and infants to evaluate the safety, tolerability, and immunoge-
nicity of various dose regimens of PfSPZ vaccine prior to con-
ducting a larger phase 2 safety, feasibility, and efficacy study in 
infants against naturally transmitted malaria in western Kenya.

METHODS

Study Setting

This study took place in Siaya County, western Kenya, which 
has year-round malaria transmission with 2 peaks following the 
rainy seasons (June–July and November–December). Malaria 
infection prevalence among children <15 years was 26.7% by mi-
croscopy in mid-2015 [16]. The area has been the site of several 
malaria vaccine trials, including the phase 3 RTS,S/AS01 malaria 
vaccine trial [14]. Participants in the current trial were recruited 
from a 10-km radius around Siaya County Referral Hospital.

Study Design and Participants

We conducted an age de-escalation, dose-escalation, random-
ized, placebo-controlled, double-blind trial that included chil-
dren 5 months through 9 years of age, from July 2016 to February 
2017. Five doses of PfSPZ vaccine (1.35 × 105, 2.7 × 105, 4.5 × 105, 
9.0 × 105, and 1.8 × 106 PfSPZ) were tested in regimens involving 
1 vaccination (1.35 × 105, 2.7 × 105, 4.5 × 105 PfSPZ) or 2 vac-
cinations (9.0 × 105 and 1.8 × 106 PfSPZ) separated by 8 weeks. 
Participants and study staff were blinded to treatment assign-
ment (vaccine or normal saline placebo) but not to dose group.

Exclusion Criteria
Participants were screened for chronic illnesses and excluded 
if known to be human immunodeficiency virus (HIV) pos-
itive or HIV exposed, given the need for cotrimoxazole 

prophylaxis, which has antimalarial activity [17]. Medical his-
tory was taken, a physical examination was done, and base-
line complete blood count, alanine aminotransferase (ALT), 
and creatinine were assessed. A  baseline electrocardiogram 
(ECG) was evaluated by a pediatric cardiologist, except for the 
first group of twelve 5- to 9-year-olds, as ethical clearance for 
ECGs was obtained after this group was vaccinated. Children 
with predefined laboratory or ECG abnormalities (ALT >84 
U/L, hemoglobin <8 g/dL, leukocytes <1500 cells/μL, neutro-
phils <750 cells/μL, platelet count <75 000 cells/μL, creatinine 
>0.9 mg/dL, pathological arrhythmias, long QTc, other signif-
icant ECG abnormalities) were excluded. Other exclusion cri-
teria included use of systemic immunosuppressants, history 
of splenectomy, known inherited red blood cell disorders (eg, 
sickle cell disease, thalassemia, glucose-6-phosphate dehydro-
genase deficiency), or evidence of serious underlying medical 
conditions.

Randomization and Vaccination

Twelve eligible participants in each age-dose group were 
randomized immediately prior to vaccination using per-
muted block randomization in R [18] to receive PfSPZ vac-
cine (vaccinees) or normal saline placebo (controls) in a 
2:1 ratio. Initially, a group of 12 children 5–9  years old (8 
vaccinees, 4 controls), received 1 dose of 4.5 × 105 PfSPZ or 
placebo. Approximately 2 weeks after this dose was assessed 
to be safe and well tolerated, 12 more 5- to 9-year-olds were 
randomized to receive 9 ×  105 PfSPZ/placebo, and after an-
other 2 weeks a third group to 1.8 × 106 PfSPZ/placebo. At this 
time, the first cohort of 13- to 59-month-olds received a dose 
of 1.35  ×  105 PfSPZ/placebo and thereafter, 4 more cohorts 
of 13- to 59-month-olds and 5 cohorts of 5- to 12-month-
old infants received escalating doses using a staggered design 
(Supplementary Figure 1).

Immediately before vaccination, capillary blood was drawn 
for a blood smear (read after 2 weeks). No prevaccination 
antimalarials were given, unless febrile children had a positive 
rapid diagnostic test (First Response Malaria Antigen P.  fal-
ciparum [HRP2] Card Test); these children were treated and 
vaccination deferred for 2 weeks. The vaccine was prepared 
by unblinded study pharmacy staff. PfSPZ vaccine vials were 
thawed and diluted with phosphate-buffered saline containing 
human serum albumin to a final volume of 0.5 mL in a 1-mL 
syringe; placebo consisted of 0.5 mL of normal saline in an in-
distinguishable 1-mL syringe. Vaccinations were administered 
by DVI using a 25-gauge needle or an IV cannula by trained 
study staff. The cannula was flushed with 1 mL and 3 mL of 
normal saline preinjection and postinjection, respectively. 
When veins could not be seen easily, a portable vein viewer 
(Vein Viewer Flex, Christie Medical) was used. Participants 
were replaced when venous access failed following 3 vacci-
nation attempts postrandomization or when study product/

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz925#supplementary-data
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placebo was partially injected into interstitial tissue (vs all 
0.5  mL injected intravenously). Children with partial injec-
tions were monitored for adverse events (AEs) for 29  days. 
Data were collected on ease of venous access and difficulties 
during vaccination.

Monitoring for Safety and Tolerability

After each vaccination (day 1), children were monitored for AEs 
for 2 hours at the study clinic. Local and systemic solicited and 
unsolicited AEs were recorded during this time, during home 
visits on days 2–6, and at a day 8 clinic visit. On day 8, blood 

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram of participant enrollment. Abbreviations: IV, intravenous; PfSPZ, Plasmodium falciparum sporo-
zoite; PI, principal investigator.
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samples were taken for laboratory tests, and a repeat ECG was 
performed after the last vaccination for all participants except 
the first group of 5- to 9-year-olds. Physical examination was 
performed on days 3, 8, and 29. Passive surveillance for unso-
licited AEs continued for 29 days after the first vaccination, at 
which point children scheduled to receive only 1 vaccination 
were closed out. At the time of vaccination 2 (2 highest dose 
groups only), active and passive surveillance for AEs resumed 
for 8 and 29  days, respectively. Caregivers were encouraged 
to bring children to the clinic at any time for any illness until 
closeout. Serious adverse events (SAEs) were reported during 
the entire study period. Unsolicited and solicited AEs were 
graded according to US National Institutes of Health grading 
tables [19, 20] (Supplementary Table 1). Simple febrile seizures 
were reported as SAEs of special interest.

Immunogenicity

Blood for immunogenicity testing for the 2 highest dose groups 
was drawn during screening (0–4 weeks before vaccination) and 
1 week postvaccination; after clotting for at least 30 minutes, 
serum was separated and frozen at −20°C within 1 hour of col-
lection. Immunoglobulin G antibodies to PfCSP were assessed by 
enzyme-linked immunosorbent assay [5, 6]. The serum dilution 
at which optical density (OD) was 1.0, the difference between 
the post-OD and pre-OD (net OD), and the ratio of post-OD 
to pre-OD were reported. An individual was considered to have 
seroconverted if net OD was ≥50 and the OD ratio was ≥3.0 [5]. 
We analyzed differences between vaccinees and controls using 
2-tailed Barnard tests or Fisher exact test for seroconversion rates 
and Wilcoxon rank-sum tests for net OD and OD ratios.

Data Management and Statistical Analysis

Data were collected on paper forms and entered into CommCare 
(Dimagi, Cambridge, Massachusetts) or, for AE forms, tran-
scribed to teleforms and scanned into an Access database. The 

sample size was based on convention in dose escalation trials 
to find serious common safety concerns with increased dosing, 
and not to detect statistically significant differences among 
study groups [21]. Participants receiving any vaccine/placebo, 
including partial injections, were included in safety, tolerability, 
and feasibility analyses; those with complete second doses in 
immunogenicity analyses; and those with failed venous access 
only in selected feasibility analyses. Proportions of participants 
with AEs and frequencies of individual AEs were calculated.

Ethical Considerations

Written informed consent was obtained from each child's 
parent/guardian. The protocol was approved by the institu-
tional review boards of the Kenya Medical Research Institute 
and the US Centers for Disease Control and Prevention, with 
regulatory oversight from the Kenya Pharmacy and Poisons 
Board. The study was conducted under a US Food and Drug 
Administration Investigational New Drug application and reg-
istered at ClinicalTrials.gov (NCT02687373). An independent 
data safety and monitoring board and local safety monitor were 
appointed by the trial sponsor (Sanaria).

RESULTS

A total of 265 children and infants were screened for eligibility; 
170 were enrolled. Of these, 5 failed venous access (Figure 1). 
Of 165 participants receiving study product, 5 received an ini-
tial partial injection. Among 71 participants assigned to receive 
2 vaccinations, 68 received the second dose (Figure 1). Overall, 
159 of 165 (96.3%) participants receiving any vaccine/placebo 
completed the study.

Safety
Solicited AEs
Forty of 112 (35.7%) children receiving any vaccine and 22 
of 53 (41.5%) receiving any placebo had at least 1 solicited 

Table 1. Summary of Solicited and Unsolicited Adverse Events, All Ages Combined (N = 165 Immunized Participants)

Adverse Event 

All Vaccine (n = 112) All Placebo (n = 53)

All AEs
Possibly, Probably, or 

Definitely Related AEs All AEs
Possibly, Probably, or 

Definitely Related AEs

Participants with at least 1 solicited AE within 7 
d of immunization

40 (35.7) 30 (26.8) 22 (41.5) 19 (35.8)

Participants with a solicited grade 3 AE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Participants with at least 1 solicited local AE 23 (20.5) 23 (20.5) 12 (22.6) 12 (22.6)

Participants with at least 1 solicited systemic AE 21 (18.8) 10 (8.9) 14 (26.4) 8 (15.1)

Participants with at least 1 unsolicited AE within 
28 d of immunization 

94 (83.9) 9 (8.0) 49 (92.5) 1 (1.9)

Participants with an unsolicited grade 3 AE 3 (2.7) 0 (0.0) 1 (1.9) 0 (0.0)

Participants experiencing an SAE 3 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)

Total No. of SAEs (maximum severity grade) 3 (grade 3) 0 (…) 0 (…) 0 (…)

Data are presented as no. (%). Unsolicited, nonserious AEs are included in this summary if they occurred within 28 days postvaccination, but serious AEs are summarized for the duration 
of the study period in accordance with the protocol.

Abbreviations: AE, adverse event; SAE, serious adverse event.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz925#supplementary-data
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Table 2. Local and Systemic Solicited Adverse Events by Dose Group and Maximum Severity, All Ages Combined

Symptom Severity

Dose Group

1.35 × 105 
(n = 18)

2.7 × 105 
(n = 19)

4.5 × 105 
(n = 24)

9 × 105 
(n = 27)

1.8 × 106 
(n = 24)

All Vaccine 
(n = 112)

After Dose 1 
(9 × 105 and 

1.8 × 106) (n = 51)

After Dose 2 
(9 × 105 and 

1.8 × 106) (n = 47)
Placebo 
(n = 53)

Any symptom Mild 5 (27.8) 5 (26.3) 4 (16.7) 6 (22.2) 10 (41.7) 30 (26.8) 12 (23.5) 8 (17.0) 18 
(34.0)

Moderate 2 (11.1) 1 (5.3) 2 (8.3) 3 (11.1) 2 (8.3) 10 (8.9) 3 (5.9) 1 (2.1) 4 (7.5)

Severe 0 0 0 0 0 0 0 0 0

Any systemic symptom Mild 4 (22.2) 0 2 (8.3) 2 (7.4) 6 (25.0) 14 (12.5) 6 (11.8) 3 (6.4) 11 
(20.8)

Moderate 2 (11.1) 0 1 (4.2) 3 (11.1) 1 (4.2) 7 (6.3) 3 (5.9) 0 3 (5.7)

Severe 0 0 0 0 0 0 0 0 0

Allergic rash/urticaria/ 
generalized pruritusa

Mild 2 (11.1) 0 0 0 1 (4.2) 3 (2.9) 1 (2.0) 0 3 (6.1)

Moderate 0 0 0 1 (3.7) 0 1 (1.0) 1 (2.0) 0 0

Severe 0 0 0 0 0 0 0 0 0

Drowsiness Mild 0 0 0 1 (3.7) 2 (8.3) 3 (2.7) 3 (5.9) 0 3 (5.7)

Moderate 0 0 0 0 0 0 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Irritability/fussiness Mild 1 (5.6) 0 1 (4.2) 1 (3.7) 0 3 (2.7) 1 (2.0) 0 1 (1.9)

Moderate 1 (5.6) 0 0 1 (3.7) 0 2 (1.8) 1 (2.0) 0 0

Severe 0 0 0 0 0 0 0 0 0

Inability to eat Moderate 2 (11.1) 0 1 (4.2) 1 (3.7) 1 (4.2) 5 (4.5) 2 (3.9) 0 3 (5.7)

Severe 0 0 0 0 0 0 0 0 0

Fever (axillary) Mild 2 (11.1) 0 3 (12.5) 3 (11.1) 5 (20.8) 13 (11.6) 5 (9.8) 3 (6.4) 10 
(18.9)

Moderate 0 0 0 1 (3.7) 0 1 (0.9) 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Any local symptom Mild 1 (5.6) 5 (26.3) 2 (8.3) 6 (22.2) 6 (25.0) 20 (17.9) 7 (13.7) 6 (12.8) 11 
(20.8)

Moderate 0 1 (5.3) 1 (4.2) 0 1 (4.2) 3 (2.7) 0 1 (2.1) 1 (1.9)

Severe 0 0 0 0 0 0 0 0 0

Pain at injection site Mild 1 (5.6) 0 2 (8.3) 3 (11.1) 1 (4.2) 7 (6.3) 4 (7.8) 0 5 (9.4)

Moderate 0 0 0 0 0 0 0 0 1 (1.9)

Severe 0 0 0 0 0 0 0 0 0

Pruritus/itchiness at 
injection sitea

Mild 0 0 0 0 0 0 0 0 0

Moderate 0 0 0 0 0 0 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Swelling at injection 
site

Mild 0 5 (26.3) 1 (4.2) 4 (14.8) 6 (25.0) 16 (14.3) 5 (9.8) 6 (12.8) 7 (13.2)

Moderate 0 1 (5.3) 0 0 1 (4.2) 2 (1.8) 0 1 (2.1) 0

Severe 0 0 0 0 0 0 0 0 0

Redness (erythema) at 
injection sitea

Mild 0 0 0 0 0 0 0 0 1 (2.0)

Moderate 0 0 0 0 0 0 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Bruising at injection 
site

Mild 0 0 0 0 0 0 0 0 0

Moderate 0 0 0 0 0 0 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Induration at injection 
site

Mild 0 0 0 0 1 (4.2) 1 (0.9) 0 1 (2.1) 1 (1.9)

Moderate 0 0 1 (4.2) 0 0 1 (0.9) 0 0 0

Severe 0 0 0 0 0 0 0 0 0

Only relevant age groups are included within each dose group; 1.35 × 105 and 2.7 × 105 groups include only 5- to 12-month-olds and 13- to 59-month-olds; other dose groups include all 3 
age groups.
aAllergic rash/urticaria/generalized pruritus, pruritus/itchiness at injection site, and redness (erythema) at injection site were not collected for 5- to 9-year-olds receiving 4.5 × 105 or placebo.
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AE within 7  days of immunization; 26.8% of vaccinees and 
35.8% of controls experienced a related solicited AE (Table 1). 
Systemic solicited AEs, primarily measured fever (Table 2), oc-
curred in 18.8% of vaccinees and 26.4% of controls; fewer were 
considered related in vaccinees (10/112 [8.9%]) compared to 
controls (8/53 [15.1%]) (Table 1). Solicited injection site symp-
toms, primarily mild pain upon touch and swelling (Table 2), 
occurred in 20.5% of vaccinees and 22.6% of controls. All so-
licited local events were considered related except where there 
was an obvious alternative cause (ie, insect bites). No grade 3 
solicited AEs occurred. The prevalence of solicited AEs did not 
differ substantially by dose (Table 2 and Figure 2) or age group 
(Supplementary Table 2).

Unsolicited and Serious AEs
Unsolicited AEs during 29  days following each vaccination 
were common, occurring among 94 of 112 (83.9%) vaccinees 
and 49 of 53 (92.5%) controls (Table 1). The most common un-
solicited AEs were upper respiratory tract infections/flu/ton-
sillitis, occurring in 52.7% of vaccinees and 66.1% of controls; 
confirmed malaria (31.2% of vaccinees and 32.0% of controls); 
and gastroenteritis (22.3% of vaccinees and 15.1% of controls) 
(Supplementary Table 3). Nine of 112 (8.0%) vaccinees and 1 
control (1.9%) experienced a possibly or probably related unso-
licited AE (mostly reported fever) (Table 1 and Supplementary 
Table 4); all were mild, occurred within 7 days of vaccination, 
and resolved.

One grade 3 unsolicited AE and 3 SAEs occurred; all were 
considered unrelated and resolved (Supplementary Table 5). 
One 8-year-old boy who received 1 injection of placebo de-
veloped a finger abscess following a capillary blood draw that 
healed after incision and drainage. This was considered related 
to a study procedure but not study product. One 9-month-old 

girl developed severe malarial anemia 44  days after her first 
dose of 9.0 × 105 PfSPZ. After hospitalization, transfusion, and 
treatment, she recovered fully. A 6- and 16-month-old each ex-
perienced simple febrile seizures associated with malaria, 4 and 
26 days, respectively, after vaccination with 1 dose of 1.8 × 106 
PfSPZ vaccine. Neither child was admitted nor fulfilled criteria 
of severe malaria; both recovered fully. All 3 children with SAEs 
had asymptomatic parasitemia on vaccination day, determined 
by retrospectively read blood smears.

Laboratory Abnormalities
No grade 3 laboratory abnormalities were detected on day 
8.  The most common laboratory abnormality was grade 1 or 
2 reduced hemoglobin, present in 23 of 111 (20.7%) vaccinees 
and 15 of 53 (28.3%) controls (Table 3); 33 of 38 (86.5%) had 
either preexisting anemia or recent malaria confirmed by blood 
smear. All grade 2 hemoglobin values improved with treatment 
to >9 g/dL (per Kenya guidelines, grade 1 hemoglobin, 9.0–9.9, 
was not treated). Grade 1 or 2 neutropenia occurred in 7.2% 
of vaccinees and 7.5% of controls, all among the older 2 age 
groups. Leukopenia, thrombocytopenia, and elevated creatinine 
or ALT were all uncommon but slightly more common in con-
trols. One possibly related grade 2 thrombocytopenia (platelets 
of 67 000, without accompanying malaria) occurred 8 days after 
a 13-month-old received dose 2 of placebo (Supplementary 
Table 6). A probably related grade 2 neutropenia (neutrophils 
of 640)  occurred in a 6-month-old 8  days after the first dose 
of 9.0 ×  105 PfSPZ (Supplementary Table 6). Both abnormal-
ities resolved on follow-up testing. Apart from the predefined 
laboratory abnormalities above, two 13- to 59-month-olds in 
the 2 lowest dose groups had significant eosinophilia after vac-
cination. One was associated with allergic dermatitis and con-
sidered possibly related to vaccination; the other occurred in 

Figure 2. Solicited symptoms, including systemic and local, by dose group and maximum severity, all ages combined.
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a child with ascariasis. The eosinophilia resolved after treating 
each underlying condition.

ECG Results
Overall, 215 ECGs were obtained prior to vaccination. Three 
children were excluded due to abnormal screening ECGs: 1 
with left ventricular hypertrophy, 1 with biventricular hyper-
trophy, and 1 with first-degree atrioventricular block. Eight 
screening ECGs were abnormal with left/right axis devia-
tion, first-degree heart block, and possible right ventricular 
hypertrophy, which the study cardiologist considered clini-
cally insignificant; these children were included [22]. Of 149 
postvaccination ECGs, 5 were abnormal: 3 patients had abnor-
malities at baseline, and 2 had new borderline abnormalities 
(1 possible left and 1 possible right ventricular hypertrophy) 

classified as unlikely to be study related. Ventricular hyper-
trophy by voltage criteria on ECG has poor sensitivity and low 
positive predictive value for actual ventricular hypertrophy; it 
is often affected by lead placement and body habitus [23–25].

Administration by Direct Venous Inoculation

Of 238 vaccination attempts, 188 (79.0%) were administered 
with a single DVI, although cannulation or multiple intrave-
nous injections were required more often in younger age groups 
(Figure 3). As study clinicians gained more experience, injec-
tion success rate improved, indicated by better DVI success in 
higher dose groups (Figure 3). Most injections in 5- to 9-year-
olds were given in the antecubital fossa, but the back of the hand 
or wrist was more commonly used in the 2 younger age groups 
(Supplementary Table 7), likely due to use of the vein viewer 

Table 3. Day 8 Laboratory Safety Parameters, by Dose Group

Laboratory Parameter 1.35 × 105 (n = 18) 2.7 × 105 (n = 18) 4.5 × 105 (n = 24) 9 × 105 (n = 27) 1.8 × 106 (n = 24) All Vaccine (n = 111) Placebo (n = 53)

Hemoglobin 1 (5.6) 5 (27.8) 6 (25.0) 6 (22.2) 5 (20.8) 23 (20.7) 15 (28.3)

White blood cells 0 (0.0) 0 (0.0) 0 (0.0) 3 (11.1) 0 (0.0) 3 (2.7) 3 (5.7)

Platelets 0 (0.0) 0 (0.0) 1 (4.2) 1 (3.7) 0 (0.0) 2 (1.8) 2 (3.8)

Neutrophil count 1 (5.6) 3 (16.7) 1 (4.2) 3 (11.1) 0 (0.0) 8 (7.2) 4 (7.5)

ALT 1 (5.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 2 (3.8)

Creatinine 0 (0.0) 0 (0.0) 1 (4.2) 0 (0.00) 1 (4.2) 2 (1.8) 1 (1.9)

Data are no. (%) of subjects with abnormal laboratory values. One subject in the 2.7 × 105 group terminated early before follow-up labs were collected. Abnormal laboratory values are all 
grade 1 or grade 2, defined per the protocol-defined toxicity ranges postvaccination (Supplementary Tables 1 and 2). No grade 3 laboratory abnormalities occurred.

Abbreviation: ALT, alanine aminotransferase.

Figure 3. Number of injection attempts and use of indwelling catheter, by age group, among all enrolled participants. Partial injection means that less than the full 0.5 mL 
of study product or normal saline placebo was injected intravenously; failed venous access means that no study product or normal saline placebo was injected intravenously. 
The order of the bar charts from left to right generally indicates the chronological order of study group enrollment (although the lowest dose group of the 13- to 59-month-olds 
were vaccinated at the same time as the highest dose group of the 5- to 9-year-olds, and the lowest dose group of the 5- to 12-month-olds was vaccinated at the same time 
as the 4.5 × 105 dose group of the 13- to 59-month-olds). Each dose group contains placebo and vaccine recipients. Abbreviations: DVI, direct venous inoculation; DVIc, direct 
venous inoculation using an intravenous cannula; 2+ DVI, 2 or more direct venous inoculations required; Vac 1, vaccine dose 1; Vac 2, vaccine dose 2.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz925#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciz925#supplementary-data


1070 • cid 2020:71 (15 August) • Steinhardt et al

(in 39/174 [22.4%] vaccinations in the youngest 2 groups vs 
1/59 [1.7%] in 5- to 9-year-olds), which more easily displayed 
blood vessels in the hand vs antecubital fossa. In the majority 
(78.0%) of vaccinations of 5- to 9-year-olds where any vaccine/
placebo was injected, mothers rated the DVI procedure as pain-
less for their child, as did mothers for 54.0% of vaccinations 
in 13- to 59-month-olds and 27.2% of vaccinations in infants 
(Supplementary Table 7).

Immunogenicity

In the 2 highest dose groups, 36 of 45 (80.0%) vaccinees and 4 
of 21 (19.0%) controls developed antibodies to PfCSP after the 
second dose (P = .000002). The rate of seroconversion ranged 
from 4 of 7 (57.1%) in 13- to 59-month-olds who received 
9.0 × 105 PfSPZ to 8 of 8 (100%) in 13- to 59-month-olds who re-
ceived 1.8 × 106 PfSPZ and 7 of 7 (100%) in 5- to 12-month-olds 
receiving 9.0 × 105 PfSPZ (Supplementary Table 8 and Figure 
4). Median net OD and median OD ratio ranged from 442 and 
4.7 in 13- to 59-month-olds who received 9.0 × 105 PfSPZ to 
3515 and 92.7 in 5- to 12-month-olds receiving 1.8 × 106 PfSPZ. 
Among controls, 1 of 7 (14.3%) 5- to 9-year-olds, 1 of 7 (14.3%) 

13- to 59-month-olds, and 2 of 7 (28.6%) 5- to 12-month-olds 
met seroconversion criteria after 2 doses. Three of these 4 par-
ticipants had malaria during the study.

DISCUSSION

Administration of PfSPZ vaccine in doses up to 1.8 × 106 PfSPZ 
was safe and well tolerated across multiple age cohorts including 
5- to 12-month-old infants. Solicited AEs, including possibly or 
probably related AEs, were no more common in participants 
receiving PfSPZ vaccine than in those receiving placebo. No re-
lated SAEs, grade 3 AEs, or grade 3 laboratory abnormalities 
were detected postvaccination. Related AEs were infrequent 
and not dose-dependent.

Although the rates of AEs were similar between vaccinees 
and controls, the rate of solicited AEs overall was higher than in 
an earlier study of the vaccine in Tanzania, in which no solicited 
AEs were reported in children 6 months–10 years old during 
8 days postvaccination [15]. This could be partly explained by 
the greater number of home visits with measured AEs (vs self-
reported AEs by phone call in Tanzania) and higher malaria 
transmission in Siaya compared with Bagamoyo, Tanzania.

The administration of PfSPZ vaccine by DVI showed limited 
reactogenicity, consistent with reports in adults showing very low 
reactogenicity [7, 9, 15]. Data from larger trials of PfSPZ vaccine 
will need to confirm its limited reactogenicity and favorable toler-
ability profile in younger age groups. PfSPZ vaccine was success-
fully administered by DVI to most children and infants; feasibility 
is explored further in Oneko et  al (manuscript in preparation). 
While DVI was initially more challenging in younger children and 
infants, injectors progressively improved with subsequent cohorts 
within each age group, as was noted in Tanzania [15].

Among participants receiving 2 doses of 9.0 × 105 or 1.8 × 106, 
80.0% seroconverted. The highest levels of antibodies were seen 
in infants, as in Tanzania [15], consistent with findings that nat-
ural malaria exposure limits the vaccine response. This has been 
most clearly documented in adults. When the same PfSPZ vaccine 
dosage regimen was given to adults in the United States [2], Mali 
[7], Tanzania [9], and Equatorial Guinea [26], antibody responses 
to PfCSP were up to 30.6-fold higher in US vs African vaccinees. 
When the same dosage regimen was given to US and Tanzanian 
adults, CD4 T-cell responses to PfSPZ were approximately 6 times 
higher in US compared with Tanzanian adults [27]. We believe 
that these differences in immune responses are due to immune 
dysregulation from long-standing malaria exposure.

CONCLUSIONS

This Kenyan trial represents the largest numbers of children 
and infants vaccinated with PfSPZ vaccine to date and provides 
the first data on PfSPZ vaccine doses as high as 1.8 × 106 in in-
fants and young children. Results indicate that administration 
of PfSPZ vaccine by DVI was possible, had an acceptable safety 

Figure 4. Antibodies to Plasmodium falciparum circumsporozoite protein (PfCSP) 
measured 8 days after the second dose of P. falciparum sporozoite (PfSPZ) vaccine 
in vaccinees and normal saline controls in the 9.0 × 105 and 1.8 × 106 PfSPZ groups. 
Statistical analysis was done with Wilcoxon rank-sum test. Only P values <.05 are 
shown. Optical density (OD) 1.0 is the serum dilution at which the optical density 
was 1.0. Net OD 1.0 is the difference between the OD 1.0 eight days after the 
second immunization and the OD 1.0 prior to the first immunization. Abbreviation: 
ELISA, enzyme-linked immunosorbent assay.
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and tolerability profile, and was immunogenic for antibody re-
sponses in these age groups.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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