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Pre-existing and intervening low-density Plasmodium infections complicate the
conduct of malaria clinical trials. These infections confound infection detection
endpoints, and their immunological effects may detract from intended vaccine-
induced immune responses. Historically, these infections were often
unrecognized since infrequent and often analytically insensitive parasitological
testing was performed before and during trials. Molecular diagnostics now permits
their detection, but investigators must weigh the cost, complexity, and personnel
demands on the study and the laboratory when scheduling such tests. This paper
discusses the effect of pre-existing and intervening, low-density Plasmodium
infections on malaria vaccine trial endpoints and the current methods employed
for their infection detection. We review detection techniques, that until recently,
provided a dearth of cost-effective strategies for detecting low density infections. A
recently deployed, field-tested, simple, and cost-effective molecular diagnostic
strategy for detecting pre-existing and intervening Plasmodium infections from
dried blood spots (DBS) in malaria-endemic settings is discussed to inform new
clinical trial designs. Strategies that combine sensitive molecular diagnostic
techniques with convenient DBS collections and cost-effective pooling
strategies may enable more thorough and informative infection monitoring in
upcoming malaria clinical trials and epidemiological studies.
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Introduction

Clinical trials are critical for evaluating candidate malaria
vaccines and drugs. Such trials are routinely conducted in
malaria-endemic sites as field efficacy trials (1-5) and in both
endemic and non-endemic sites as controlled human malaria
infection (CHMI) studies (6-9). In all cases, it is generally
accepted that the Plasmodium infection status of the
participants is established at the time of trial enrollment. In
malaria-endemic regions, participants may have been recently
exposed to Plasmodium parasites, so it is possible that
participants may be actively infected at the time of trial
eligibility and enrollment assessments. Consequently, many
studies are designed to start with anti-malarial drug treatment
of some or all participants to eliminate any pre-existing
Plasmodium parasites at the outset of the trial (4, 6, 7, 10, 11).
In CHMI studies in non-endemic regions (8, 9) and field efficacy
trials involving children 5-17 months in endemic settings (1-3,
5, 12), pre-treatment is not usually considered because
participants are usually assumed not to have pre-existing
Plasmodium infections. However, at least one pre-existing,
low-density Plasmodium falciparum infection was encountered
during screening and eligibility procedures at a U.S.-based non-
endemic CHMI study site (S. Murphy, J Kublin, pers. comm.),
which highlights the need for pre-enrollment testing worldwide.
Pre-enrollment testing is a requirement for any non-endemic
CHMI study intending to use a recently qualified Plasmodium
18S rRNA biomarker in lieu of thick blood smears (TBS) for
detecting infections in such studies (13). Pre-enrollment testing
has also been used in one CHMI study in an endemic region
(14). On the other hand, following vaccination, most field
studies in malaria endemic settings rely on passive case
detection for endpoint efficacy assessments such as time to
first infection or to first episode of clinical malaria (1, 5).
Studies employing active case detection through weekly or
monthly visits usually only collect a thick blood smear (TBS)
if a participant reports a temperature of >37-5°C or history of
fever and other malaria-related symptoms within the last 24
hours (2-4). Examples of the current field practices employed
by investigators during the pre-enrollment, follow-up sampling
and efficacy endpoint assessment are as shown in Table 1. It is
clear that reliance on symptoms as well as weekly or monthly
sampling and low sensitivity techniques may miss out on pre-
existing and emerging de novo low density infections, which
may confound vaccination efforts and ultimately affect
efficacy estimates.

Abbreviations: DBS, Dried blood spot; TBS, Thick blood smear; PCR;
polymerase chain reaction; qRT-PCR, Quantitative real-time polymerase
chain reaction; NAAT; nucleic acid amplification test; ACD; active case

detection; PCD; passive case detection.
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What are the consequences of low-
density pre-existing and intervening
infections on measurement of
parasitological efficacy endpoints in
vaccine studies?

The presence or absence of Plasmodium parasites or of a
parasite-derived biomarker are often used in studies designed to
assess time to first infection or time to first clinical episode as
efficacy endpoints. Such assessments depend on accurate
identification of pre-existing Plasmodium infections at
enrollment and during follow-up. However, definitive
determination of the infected vs. uninfected baseline status of a
participant can be difficult because a significant proportion of
Plasmodium infections in endemic regions exist at low densities
(15-17), which are often below the limit of detection (LoD) of
standard field diagnostic tools such as TBS and rapid diagnostic
tests (RDTs) (18, 19). Even in studies that use molecular tests, low-
density infections may be missed because of the highly dynamic
nature of the parasite — densities may be too low to be detected at
the time of sampling. The inability to rule out pre-existing, low-
density infections prior to vaccination and to detect their
emergence during vaccination or in the subsequent efficacy
assessment period may potentially confound trial outcomes and
endpoint assessments. For example, undetected low-density
infections could progress to higher density, detectable infections
soon after enrollment — such infections would not be expected to
be abrogated by vaccination with pre-erythrocytic vaccines and
yet such pre-existing but undetectable infections could end up
being counted as new infections in the study data, which could
falsely reduce the calculated efficacy of a candidate vaccine
product. Similarly, the inability to detect the emergence of low-
density de novo/intervening infections after vaccination will
extend the parasite detection time and has the potential to
falsely amplify the calculated efficacy of the vaccine. Despite the
likely influence of pre-existing and intervening low-density
infections on vaccine efficacy, the significance and magnitude of
such impacts is still poorly understood. For some vaccines, it is
likely that vaccine efficacy is reduced when vaccinations are given
concurrent with erythrocyte stage parasitemia, which was shown,
for example, to reduce sporozoite-based vaccine efficacy in a
CHMI model (9). However, there could be circumstances where
the timing of an infection potentially enhance efficacy. For
example, a study of the ChAd63/MVA ME-TRAP vaccine in
Kenya resulted in 67% efficacy against field-acquired infections
(20), which was higher than that observed in Senegal (21). Post-
hoc analysis showed that the rate of Plasmodium infections during
the vaccination period were much higher at the Kenyan sites than
at the Senegalese sites (21), which could have modulated either
anti-erythrocyte or liver-stage immunity. The complex effects of
low vs. high parasitemias and other parasite, host, and
environmental factors on the immune system must be evaluated
in the future to develop and safeguard malaria vaccines.
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TABLE 1 Examples of clinical trial strategies for pre-vaccination treatment, follow-up sampling, and efficacy endpoint assessments.

Vaccine Clinical trial Pre-vaccination Infection detection Follow-up during efficacy and infection Reference
candidate design treatment? (if any) endpoint? detection?
RTS,S Field trial at 11 African None (enrolled infants and  Clinical malaria; severe PCD for >18 months (1)
sites in children children 5-17 months) malaria (TBS)
R21 Field trial in Burkina None. Participants tested Clinical malaria (TBS) ACD monthly for 6 months plus PCD. 2)
Faso in children 5-17  for malaria if fever >37.5°C. TBS obtained if temperature >37-5°C or history of fever
months within the last 24 h.
SPf66 Field trial in The Antimalarial treatment Clinical malaria (TBS) ACD twice weekly for 4.5 months plus PCD. TBS 3)
Gambia in children 5-  before first and third obtained if temperature 237-5°C or history of fever
11 months vaccination (SP) within the last 24 h.
DNA/MVA  Field trial in The Antimalarial treatment Infection by TBS ACD and weekly TBS for 11 weeks. (4)
ME-TRAP  Gambia in children prior to 3* dose of
and adults vaccination (SP)
ChAd63 Field trial in Burkina None (enrolled infants and  First clinical malaria PCD and TBS if temperature >37-5°C or history of fever (5)
MVA ME- Faso in 5-17 months children 5-17 months) episode (RDT & TBS) within the last 24 h
TRAP
GMZ2 CHMI in adults in an  Antimalarial treatment Infection by TBS & qRT- ACD for 6-35 days (7)
endemic region prior to vaccination PCR
(Gabon) (clindamycin)
PfSPZ Phase 2 field trial in None (enrolled children 5-  Clinical malaria and ACD (RDT) and PCD (TBS/qPCR) every two weeks for (12)
Kenya in children 12 months) infection (TBS) 12 months
PfSPZ CHMI in adults in an ~ None prior to CHMI; tested ~ Clinical malaria & QPCR  ACD (blood drawn twice per day from days 8-15 and (14)
CHMI endemic region for existing infection (treated at =500 once from days 16-22 post-CHMI)

(Kenya)

ACD, active case detection; PCD, passive case detection; SP, sulfadoxine-pyrimethamine.

What are the consequences of pre-
existing infections on measurement of
immunological efficacy endpoints in
vaccine studies?

Many studies have found that malaria vaccine efficacy is
reduced in studies in endemic regions compared to efficacy
against CHMI in non-endemic sites [discussed in (22)]. An
extensive review of the contributing immunological,
parasitological, vectorial, and environmental factors is beyond
the scope of this paper. Instead, the following section highlights
several recent clinical trial outcomes that demonstrate the
consequences of pre-existing infections on vaccine study
outcomes. First, a recent CHMI study at a non-endemic U.S.
site showed that the administration of the second and third
doses of P. falciparum sporozoite-based vaccine at 7-day
intervals, concurrent with the emergence of low-density blood
stage Plasmodium parasites (<20 estimated parasites/pL; TBS-
negative) completely eliminated the otherwise high efficacy
achieved when blood stage parasites were absent during
vaccination with a two-fold higher dose of the same vaccine
given at 5-day intervals (9). Second, field clinical trials of the
recently WHO-approved RTS,S vaccine and other candidates
reveal that immunity induced by candidate malaria vaccines is
dependent on specific antibodies and requires an active response
involving B cells and CD4" T cells (1, 23, 24). However, active
TBS-positive Plasmodium infections induced altered phenotypes
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and functionalities of dendritic cells (25), B cells (26) and T cells
(27), causing a disruption in host immune responses to antigenic
epitopes. Furthermore, natural exposure to persistent P.
falciparum infections is known to increase the frequency of
atypical memory B cell and CD4" T cells expressing phenotypic
markers of exhaustion (28). Therefore, pre-existing infections
may alter immune reactivity by down-regulating vaccine-
induced immune responses, providing a probable reason as to
why promising results of experimental malaria vaccine
candidates in non-endemic regions have often not been
replicated in malaria-endemic areas (29). Whether low density
infections are as impactful as higher density infections is
currently unknown. Consequently, detection of pre-existing
infections is imperative to control the confounding effects of
such infections and to facilitate reliable and consistent
interpretation of clinical trial results in different cohorts at
different clinical sites under different transmission pressures.

Low density Plasmodium infections
— a frequent complicating factor
worldwide

To our knowledge, there are no widely-accepted,
standardized approaches for detection of pre-existing
Plasmodium infections in malaria clinical trials in endemic
regions. Nonetheless, the emerging literature suggests that
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these infections are common and therefore overlooked. A recent
DBS study in a hyperendemic region of Uganda enrolled
asymptomatic, RDT-negative persons to better understand the
natural history of asymptomatic low-density infections (17).
Amongst adults and children, 58% (76/130) of RDT-negative
individuals had Plasmodium 18S rRNA detectable by
quantitative Reverse Transcription Polymerase Chain Reaction
(qQRT-PCR) at some point during the 28-day collection period.
This study is notable because DBS samples were self-collected
using daily finger prick sampling to observe the dynamic
behavior of these asymptomatic low-density infections. This
study is discussed in a later section as well to provide a
roadmap for improving infection detection in future endemic
site clinical trials. Prevalent, dynamic asymptomatic low-density
Plasmodium infections have also been reported by other
investigators in different regions of malaria endemicity (15, 16,
30). In Mozambique, analysis of parasite densities collected at
seven time points over 28 days in a cohort of asymptomatic men
revealed that 81% were cumulatively parasite PCR positive by
day 28 and that parasite densities continued to vary in
individuals over that 28-day period (16). Similarly, a study in a
low transmission setting in Vietnam also showed 32% of samples
were PCR positive and that parasite densities in asymptomatic
carriers oscillated over time (30). These low-density parasitemias
would be considered to be pre-existing infections in malaria
vaccine clinical trials. However, if testing is not planned
throughout the study or if the testing modality is insufficiently
sensitive, then such infections would go undetected and the
consequence to the efficacy estimates of the experimental
vaccine would be largely unknown.

Diagnostic methods for detecting
low-density infections in malaria
clinical trials

Since 2010, WHO advised that all diagnoses of malaria febrile
illnesses be accompanied by a confirmatory parasitological test
(31), which could be microscopy, RDTs, or molecular testing. Such
methods may detect low-density Plasmodium infections, albeit
with different degrees of success. TBS, RDTs, and molecular tests
can be conducted on capillary (fingerstick) blood or peripheral
whole blood, which can be collected and stored as liquid blood or
preserved as DBS. In clinical trials, Phase 1-2 studies typically
schedule more frequent testing and use more analytically sensitive
tests compared to Phase 3 studies. Test selection considerations also
include the study population (infants, children, adults), the clinical
and laboratory capabilities of the site, and assay costs. It should be
noted that some malaria clinical trials have used clinical signs and
symptoms of malaria as an eligibility criterion for enrollment (8) or
as a trigger for diagnostic testing (2), but such approaches
completely ignore the larger pool of pre-existing, low-density
infections and de novo emerging intervening infections.
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TBS microscopy

Microscopic examination of TBS remains a standard method
for the diagnosis of Plasmodium infections and for estimating
parasite densities in most field studies. Briefly, preparation of a
TBS involves spreading a drop of blood obtained via finger stick or
venipuncture onto a clean, dry microscope slide. The TBS is
allowed to dry, then erythrocytes are lysed and nuclei are stained
with Giemsa stain for 10-30 minutes depending on the specific
method. Parasite detection is performed under an oil-immersion
light microscope at a total magnification of ~1000-fold. TBS
microscopy allows for definitive identification of Plasmodium
species by well-trained microscopists. The advantages and
disadvantages of TBS have been extensively reviewed (32, 33).
For our purposes, we will focus on three key factors: quality,
scalability, and proximity. First, high-quality microscopy (like all
high-quality laboratory testing) requires ongoing proficiency
testing and quality control, which can be difficult since
microscopy is more operator-dependent than the other testing
methods. Even with high quality microscopy, the field-use LoD of
TBS is relatively high at ~50-100 parasites/uL (34, 35) — this LoD
would miss many asymptomatic and intervening low-density
infections. The inability to detect low-density infections means
that infected persons may be erroneously enrolled in studies or the
subsequent emergence of such an infection can be delayed or
missed during or after vaccination. Second, TBS microscopy is
laborious and does not scale easily with increasing numbers of
clinical trial samples. TBS may be required at frequent defined
study time points, but also must be available on-demand for
clinically-significant cases. The turnaround time for a small
number of TBS is such that clinically-actionable data can be
obtained within hours, but as the number of slides increases, it
becomes harder to provide timely reporting. CHMI studies do not
enroll extremely large numbers of participants, but daily TBS is at
least usually required during periods when patent parasitemia is
anticipated (8, 23, 24, 36). In contrast, field efficacy studies have
less frequent sampling but usually enroll larger cohorts of
participants (2, 7, 8, 10, 23, 37). Thus, in both studies, delivery
of timely, high quality TBS results can be difficult. Nonetheless,
TBS can be performed at or near the clinic. While proximity to the
clinical site is critical for symptomatic case management, such
proximity may be less important when monitoring and following
up on low-density infections.

RDTs

RDTs are lateral flow immunochromatographic tests that detect
Plasmodium antigens in whole blood (usually histidine rich protein-2
(HRP2) for P. falciparum and lactate dehydrogenase (LDH) for all
species). They have the advantages of ease of use, rapid turnaround
time suitable for point-of-care or near point-of-care use, and
therefore, deployability. However, the LoD for most marketed
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RDTsis ~200 parasites/uL (38), which would miss many pre-existing
and intervening low-density infections. Newer ‘ultrasensitive’ RDTs
(uRDT) have LoDs about 10-fold better than standard RDT's (39, 40),
but these are not yet widely available. In addition to the high LoD, P.
falciparum parasites with deletions in the HRP2-coding gene can lead
to false negative RDT results (41, 42), which limits their use. RDTs
may also remain positive following parasite clearance due to
persistent antigenemia even in appropriately treated persons such
that RDT's are not considered to be a test of cure. Finally, RDT's do not
provide any quantitative assessment of parasite density, which is
useful for modeling parasite growth and estimating the impact of
partially protective vaccines through measures such as estimated liver
burden. RDTs have not been widely used as an efficacy endpoint in
malaria vaccine clinical trials, though some groups are beginning to
assess RDT diagnostic performance against TBS and gPCR in some
CHMI trials (43).

Nucleic acid amplification tests

Over the past forty years, a wide variety of nucleic acid
amplification tests (NAATSs) have been developed for many
infectious diseases including malaria. In simplest terms, NAATSs
generally involve a nucleic acid extraction step followed by an
amplification/detection step using oligonucleotide-specific
reagents. Methods include PCR, qRT-PCR, and nucleic acid-
based sequence amplification, which have been reviewed
previously (32). Methods vary with respect to the amount of
blood sampled, the amount of extracted nucleic acid carried into
the amplification step, the strategy for detection, the target gene(s)
or RNA sequence(s), the choice of oligonucleotide-specific
reagents, and the scale of testing. For the purposes of detecting
low-density infections in clinical trials, we recommend that NAAT'
should only be considered for use if they can reliably detect
infections at densities <1 parasite/uL. Some NAATSs achieve even
more sensitive LoDs in the 0.001-0.02 parasite/uL range. Such
assays generally sample 0.05-1 mL of blood, a much greater volume
than can be examined by TBS. Sensitive NAATS can detect blood
stage infections 1-4 days before TBS [reviewed in (13)]. NAATs are
also less operator dependent than TBS and more scalable than TBS
or RDTs for monitoring low density infections. Because of their
superiority over TBS and RDTs, a variety of NAATSs have been used
in CHMI trials at both non-endemic sites (8, 9, 36, 44) and endemic
sites (14, 23). To provide proficiency testing across different malaria
NAAT platforms, the World Health Organization has established a
formal external quality assurance scheme for malaria NAAT
laboratories (45, 46). One drawback to NAATs is the
requirement for sophisticated instrumentation and staff training,
which often leads to NAATS being performed at only centralized/
reference laboratories. A potential technical drawback is that some
NAATS can also detect gametocytes and produce positive results at
low densities that cannot be adjudicated by microscopy. Detection
of gametocytes may lead to exclusion at enrollment, and detection
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of potentially pre-existing gametocytes following vaccination may
confound parasitological efficacy endpoints, especially if more
convenient, less sensitive testing were used at enrollment. The
influence of gametocytes on molecular diagnostic tests used for
malaria vaccine efficacy endpoints requires additional study and
consideration as these tests become more widely adopted. As the
field advances, these considerations will need to be balanced to
implement NAAT strategies that speed turnaround times, simplify
clinical site scheduling and sampling, provide clear and actionable
data, and save on human resources and financial costs without
sacrificing quality.

A strategy for more frequent, cost-
effective testing to avoid clinical trial
blind-spots

DBS collection is a convenient, minimally invasive blood
collection technique that does not require a clinic or
phlebotomist. DBS remain stable over a wide range of
temperature and storage conditions, and thus allow retrospective
analyses without sacrificing sample integrity. A recent meta-analysis
determined that DBS were non-inferior to venous blood samples for
qualitative detection of Plasmodium parasites across a variety of
settings (47). However, DBS continue to be mainly used for sample
collection in clinic and field settings by trained healthcare
professionals. Nevertheless, DBS have been used successfully for
self-collection of samples for a variety disease conditions such as
HIV (48, 49), hepatitis (50), and diabetes (51).

Recently, an alternative and cost-effective sampling approach
based on at-home DBS collection combined with pooled
Plasmodium 18S rRNA qRT-PCR was determined to be feasible,
well tolerated, cost-effective, analytically sensitive, and convenient
for detecting low density infections in asymptomatic adults and
children in an endemic area (17). This feasibility study of daily at-
home DBS collection was conducted in 130 (100 adults and 30
children) community members in a rural, malaria-endemic setting
in Uganda (17). In this study, participants were minimally trained
in DBS collection by study staff at enrollment and were supplied
with DBS collection packages for at-home use for the subsequent
six days. DBS were returned by participants to the clinic on the
seventh day and retraining was conducted if necessary. Thereafter,
each week, participants were provided with all materials to collect
daily at-home DBS until the following week and this was repeated
until day 28. Compliance with at-home DBS collection was
extremely high, with 85% of participants collecting all DBS over
the 28-day period. Only five (4%) participants withdrew from the
study early due to pain or inconvenience of the collection
procedures - details about the study are recently published (17).
Accuracy of the at-home collected DBS as a parasite detection tool
for low-density infections was also assessed using a recently
adapted pooled qRT-PCR strategy (52). The method involved
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conducting initial DBS runs using within-participant pools of up to
10 samples per pool (equal to 10 daily DBS collections per pool). If
the pool was negative, all samples were reported as negative. If the
pool was positive, samples were deconvoluted and re-run
individually. DBS pooling reduced costs associated with testing
individual qRT-PCR negative samples, and qRT-PCR provided
highly sensitive detection of parasite 185 rRNA biomarker. The
feasibility of at-home, self-collected DBS in rural settings could
improve the ability to conduct surveillance studies and trial follow-
up. Additional data from this study will soon be forthcoming to
share the prevalence and complexity of the asymptomatic
infections seen in these participants (D. Hergott, S. Murphy,
pers. comm.).

Malaria vaccine clinical trials in endemic regions usually involve
periodic follow-up for months during and after vaccination. Study
designs are intended to be long enough to capture a sufficient
number of infections in the community to render a verdict
regarding vaccine efficacy between two or more groups, and
sampling is intended to be frequent enough so as to not miss an
infection that could come and go between visits. However,
participants are usually not sampled more than once a week and
sometimes only once a month depending on the number of
participants and the study (Table 1). Furthermore, in many
studies, there is little or no infection detection monitoring during
the vaccination period. These untested periods leave blind-spots in
the study data that could potentially help to explain trial outcomes.
Low-cost, at-home DBS collections with pooled qRT-PCR testing
provide a way to comprehensively assess infection status before and

10.3389/fimmu.2022.1003452

during a study to avoid such blind-spots (Figure 1). This strategy
reduces the number of clinic visits per participant, and pooled
sample analysis also reduces the number of qRT-PCR runs per
participant, thereby reducing cost. DBS can be collected before and
throughout a study and delivered to the clinic site on a convenient
basis once a week. The frequency of DBS collection, delivery, and
testing for a given trial site would be informed by existing
knowledge of the site’s seasonality and intensity of transmission.
Home-collected samples could even potentially be mailed to a
coordinating laboratory or picked up by village health workers or
other Ministry of Health networks with access to the community.
This approach would save time, human resources, and money
associated with large scale and frequent sample collection and
analysis. While this study was conducted using qRT-PCR, it is
possible that other NAAT methods could also be similarly used
with this overall strategy, provided that the assay LoD is sufficiently
sensitive to detect pre-existing and intervening low-density
infections at the pooled sample step.

The DBS testing described herein would not need to be done
immediately after collection because this approach would be
restricted to monitoring of low-density asymptomatic persons.
Clinical trial sites would need to continue to provide TBS or
RDTs to manage acutely-ill participants and initiate treatment as
needed. From an ethical perspective, there is no current WHO
mandate to treat asymptomatically-low density infected persons
despite the known frequency of this type of infection throughout
malaria-endemic parts of the world. If there was a long interval
between collection and testing, the results may not be actionable for

Pre-vacination | I Vaccination Phase | I

Transmission Season- Natural Exposure and end-points:

v oo 0@ g8 g8 g8 G485 o00®00b00o o "
TR R R X R XXX EX XX
| I | | I I I I
1 2 3 4 6 7 8
MONTHS
K_EY: Per participant samples | Traditional Design | Added DBS spots
' home DBS collection
i = clinic visit blood draw samples collected 7 25

% =vaccination day

# = natural malaria exposure

FIGURE 1

Minimum RT-PCR runs 1 3
Maximum RT-PCR runs 7 25

Proposed testing strategy for more frequent DBS collections with pooled gRT-PCR. In this theoretical vaccine clinical trial scenario, enrollment
and vaccination take place over the first four months of the study followed by a four-month efficacy phase during the transmission season as
shown. In addition to the typical whole venous blood collections (test tube icons), more comprehensive testing can be achieved by adding
repeated DBS collections during the intervening time periods (small drop of blood icons). These DBS collections could be at-home or in the
clinic as needed. The number of collections could be adjusted to a daily frequency or to less frequent collection as needed. The inset table
shows the number of samples collected if only venous blood was specified (‘Traditional Design’) or if venous blood and DBS were collected
(‘Added DBS spots’) and then calculates the minimum and maximum number of gRT-PCR tests that would need to be tested to determine each
participant’s infection status; this calculation assumes a first gRT-PCR pool size of n = 10. The minimum number of runs would occur if all three
pools were negative, whereas the maximum number of runs would occur if all three pools were positive and required deconvolution.

Frontiers in Immunology

06 frontiersin.org


https://doi.org/10.3389/fimmu.2022.1003452
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Owalla et al.

an individual participant. If the testing was conducted with a
shorter turnaround time, it may be possible to relay actionable
information back to clinic sites to inform treatment of participants.
In addition to providing clear and comprehensive vaccine efficacy
data, this infection status data could also help to better understand
local prevalence and transmission characteristics. This sort of
testing strategy could also be employed in large scale surveillance
and longitudinal cohort studies over an even wider range.

Conclusions

Malaria clinical trials that incorporate at-home DBS sample
collection coupled with pooled gqRT-PCR sample analysis may
be better able to conveniently and cost-effectively detect pre-
existing and intervening low-density Plasmodium infections in
study participants. This rich information could provide valuable
insights that will help us better understand why vaccines are
efficacious in some participants and settings but not others,
which could accelerate the development of new and improved
malaria vaccines for the world.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics Statement

The perspective presented here is based in part on our
recently completed study that was approved by the National
HIV/AIDS Research Committee of the Uganda National

References

1. RTS,S Clinical Trials Partnership. Efficacy and safety of the RTS, S/AS01
malaria vaccine during 18 months after vaccination: A phase 3 randomized,
controlled trial in children and young infants at 11 African sites. PloS Med
(2014) 11(7):e1001685. doi: 10.1371/journal.pmed.1001685

2. Datoo MS, Natama MH, Some A, Traore O, Rouamba T, Bellamy D, et al.
Efficacy of a low-dose candidate malaria vaccine, R21 in adjuvant Matrix-M, with
seasonal administration to children in Burkina Faso: A randomised controlled trial.
Lancet (2021) 397(10287):1809-18. doi: 10.1016/S0140-6736(21)00943-0

3. D'Alessandro U, Leach A, Drakeley CJ, Bennett S, Olaleye BO, Fegan GW,
et al. Efficacy trial of malaria vaccine SPF66 in Gambian infants. Lancet (1995) 346
(8973):462-7. doi: 10.1016/s0140-6736(95)91321-1

4. Moorthy VS, Imoukhuede EB, Milligan P, Bojang K, Keating S, Kaye P, et al.
A randomised, double-blind, controlled vaccine efficacy trial of DNA/MVA ME-
TRAP against malaria infection in Gambian adults. PloS Med (2004) 1(2):e33.
doi: 10.1371/journal.pmed.0010033

Frontiers in Immunology

07

10.3389/fimmu.2022.1003452

Council for Science and Technology (UNCST) (Approval #:
ARC 228) as well as the University of Washington Institutional
Review Board (STUDY00009434). No potentially identifiable
human data is presented in this article.

Author contributions

TO, SM, JK, and TE conceived the idea. TO drafted the paper.
DH, AS, WS, CC, and MC reviewed the first draft. All authors
contributed to the article and approved the submitted version.

Funding

OPP1212966/INV-009313 (SM), NIH R21AI146763 (SM).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

5. Tiono AB, Nebie I, Anagnostou N, Coulibaly AS, Bowyer G, Lam E, et al. First
field efficacy trial of the ChAd63 MVA ME-TRAP vectored malaria vaccine
candidate in 5-17 months old infants and children. PloS One (2018) 13(12):
€0208328. doi: 10.1371/journal.pone.0208328

6. Jongo SA, Church LWP, Nchama V, Hamad A, Chuquiyauri R, Kassim KR,
et al. Multi-dose priming regimens of PfSPZ vaccine: Safety and efficacy against
controlled human malaria infection in Equatoguinean adults. Am J Trop Med Hyg
(2022) 106:1215-1226. doi: 10.4269/ajtmh.21-0942

7. Dejon-Agobe JC, Ateba-Ngoa U, Lalremruata A, Homoet A, Engelhorn J,
Nouatin OP, et al. Controlled human malaria infection of healthy adults with
lifelong malaria exposure to assess safety, immunogenicity, and efficacy of the
asexual blood stage malaria vaccine candidate GMZ2. Clin Infect Dis (2019) 69
(8):1377-84. doi: 10.1093/cid/ciy1087

8. Roestenberg M, Walk J, van der Boor SC, Langenberg MCC, Hoogerwerf MA,
Janse JJ, et al. A double-blind, placebo-controlled phase 1/2a trial of the genetically

frontiersin.org


https://doi.org/10.1371/journal.pmed.1001685
https://doi.org/10.1016/S0140-6736(21)00943-0
https://doi.org/10.1016/s0140-6736(95)91321-1
https://doi.org/10.1371/journal.pmed.0010033
https://doi.org/10.1371/journal.pone.0208328
https://doi.org/10.4269/ajtmh.21-0942
https://doi.org/10.1093/cid/ciy1087
https://doi.org/10.3389/fimmu.2022.1003452
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Owalla et al.

attenuated malaria vaccine PfSPZ-GAL1. Sci Transl Med (2020) 12(544):eaaz5629.
doi: 10.1126/scitranslmed.aaz5629

9. Murphy SC, Deye GA, Sim BKL, Galbiati S, Kennedy JK, Cohen KW, et al.
Pfspz-cvac efficacy against malaria increases from 0% to 75% when administered in
the absence of erythrocyte stage parasitemia: A randomized, placebo-controlled
trial with controlled human malaria infection. PloS Pathog (2021) 17(5):e1009594.
doi: 10.1371/journal.ppat.1009594

10. Sissoko MS, Healy SA, Katile A, Omaswa F, Zaidi I, Gabriel EE, et al. Safety
and efficacy of PfSPZ vaccine against Plasmodium falciparum via direct venous
inoculation in healthy malaria-exposed adults in Mali: A randomised, double-blind
phase 1 trial. Lancet Infect Dis (2017) 17(5):498-509. doi: 10.1016/S1473-3099(17)
30104-4

11. Alonso PL, Sacarlal ], Aponte JJ, Leach A, Macete E, Milman J, et al. S/AS02a
vaccine against Plasmodium falciparum infection and disease in young African
children: Randomised controlled trial. Lancet (2004) 364(9443):1411-20.
doi: 10.1016/S0140-6736(04)17223-1

12. Oneko M, Steinhardt LC, Yego R, Wiegand RE, Swanson PA, Kc N, et al.
Safety, immunogenicity and efficacy of PfSPZ vaccine against malaria in infants in
western Kenya: A double-blind, randomized, placebo-controlled phase 2 trial. Nat
Med (2021) 27(9):1636-45. doi: 10.1038/s41591-021-01470-y

13. Seilie AM, Chang M, Hanron AE, Billman ZP, Stone BC, Zhou K, et al.
Beyond blood smears-qualification of the Plasmodium 18S rRNA as a biomarker
for controlled human malaria infections. Am J Trop Med Hyg (2019) 100(6):1466-
76. doi: 10.4269/ajtmh.19-0094

14. Kapulu MC, Njuguna P, Hamaluba M, Kimani D, Ngoi JM, Musembi J, et al.
Safety and PCR monitoring in 161 semi-immune Kenyan adults following
controlled human malaria infection. JCI Insight (2021) 6(17):e146443.
doi: 10.1172/jci.insight.146443

15. Delley V, Bouvier P, Breslow N, Doumbo O, Sagara I, Diakite M, etal. What does
a single determination of malaria parasite density mean? a longitudinal survey in Mali.
Trop Med Int Health (2000) 5(6):404-12. doi: 10.1046/j.1365-3156.2000.00566.x

16. Galatas B, Marti-Soler H, Nhamussua L, Cistero P, Aide P, Saute F, et al.
Dynamics of afebrile Plasmodium falciparum infections in Mozambican men. Clin
Infect Dis (2018) 67(7):1045-52. doi: 10.1093/cid/ciy219

17. Hergott DEB, Owalla TJ, Balkus JE, Apio B, Lema J, Cemeri B, et al.
Feasibility of community at-home dried blood spot collection combined with
pooled reverse transcription PCR as a viable and convenient method for malaria
epidemiology studies. Malaria J (2022) 21:221. doi: 10.1186/s12936-022-04239-x

18. Wu L, van den Hoogen LL, Slater H, Walker PG, Ghani AC, Drakeley CJ,
et al. Comparison of diagnostics for the detection of asymptomatic Plasmodium
falciparum infections to inform control and elimination strategies. Nature (2015)
528(7580):586-93. doi: 10.1038/nature16039

19. Owalla TJ, Okurut E, Apungia G, Ojakol B, Lema ], CM §, et al. Using the
ultrasensitive alere Plasmodium falciparum malaria Ag HRP-2 rapid diagnostic test
in the field and clinic in northeastern Uganda. Am ] Trop Med Hyg (2020) 103
(2):778-84. doi: 10.4269/ajtmh.19-0653

20. Ogwang C, Kimani D, Edwards NJ, Roberts R, Mwacharo J, Bowyer G, et al.
Prime-boost vaccination with chimpanzee adenovirus and modified vaccinia
Ankara encoding TRAP provides partial protection against Plasmodium
falciparum infection in Kenyan adults. Sci Transl Med (2015) 7(286):286re5.
doi: 10.1126/scitranslmed.aaa2373

21. Mensah VA, Gueye A, Ndiaye M, Edwards NJ, Wright D, Anagnostou NA,
et al. Safety, immunogenicity and efficacy of prime-boost vaccination with ChAd63
and MVA encoding ME-TRAP against Plasmodium falciparum infection in adults
in Senegal. PloS One (2016) 11(12):e0167951. doi: 10.1371/journal.pone.0167951

22. Mo AXY, Pesce ], Augustine AD, Bodmer JL, Breen J, Leitner W, et al.
Understanding vaccine-elicited protective immunity against pre-erythrocytic stage
malaria in endemic regions. Vaccine (2020) 38(48):7569-77. doi: 10.1016/
j.vaccine.2020.09.071

23. Jongo SA, Shekalaghe SA, Church LWP, Ruben AJ, Schindler T, Zenklusen
1, et al. Safety, immunogenicity, and protective efficacy against controlled human
malaria infection of Plasmodium falciparum sporozoite vaccine in Tanzanian
adults. Am J Trop Med Hyg (2018) 99(2):338-49. doi: 10.4269/ajtmh.17-1014

24. Minassian AM, Themistocleous Y, Silk SE, Barrett JR, Kemp A, Quinkert D,
et al. Controlled human malaria infection with a clone of Plasmodium vivax with
high-quality genome assembly. JCI Insight (2021) 6(23):e152465. doi: 10.1172/
jci.insight.152465

25. Pinzon-Charry A, Woodberry T, Kienzle V, McPhun V, Minigo G, Lampah DA,
et al. Apoptosis and dysfunction of blood dendritic cells in patients with falciparum and
vivax malaria. ] Exp Med (2013) 210(8):1635-46. doi: 10.1084/jem.20121972

26. Weiss GE, Crompton PD, Li S, Walsh LA, Moir S, Traore B, et al. Atypical
memory B cells are greatly expanded in individuals living in a malaria-endemic
area. ] Immunol (2009) 183(3):2176-82. doi: 10.4049/jimmunol.0901297

Frontiers in Immunology

10.3389/fimmu.2022.1003452

27. Horne-Debets JM, Faleiro R, Karunarathne DS, Liu XQ, Lineburg KE, Poh
CM, et al. PD-1 dependent exhaustion of CD8+ T cells drives chronic malaria. Cell
Rep (2013) 5(5):1204-13. doi: 10.1016/j.celrep.2013.11.002

28. Illingworth J, Butler NS, Roetynck S, Mwacharo J, Pierce SK, Bejon P, et al.
Chronic exposure to Plasmodium falciparum is associated with phenotypic
evidence of B and T cell exhaustion. J Immunol (2013) 190(3):1038-47.
doi: 10.4049/jimmunol. 1202438

29. Guilbride DL, Gawlinski P, Guilbride PD. Why functional pre-erythrocytic
and bloodstage malaria vaccines fail: A meta-analysis of fully protective
immunizations and novel immunological model. PloS One (2010) 5(5):e10685.
doi: 10.1371/journal.pone.0010685

30. Nguyen TN, von Seidlein L, Nguyen TV, Truong PN, Hung SD, Pham HT,
et al. The persistence and oscillations of submicroscopic Plasmodium falciparum
and Plasmodium vivax infections over time in Vietnam: An open cohort study.
Lancet Infect Dis (2018) 18(5):565-72. doi: 10.1016/S1473-3099(18)30046-X

31. World Health Organization. Guidelines for the treatment of malaria. 2nd ed
Vol. 9. . Geneva: WHO Press (2010).

32. Murphy SC, Shott JP, Parikh S, Etter P, Prescott WR, Stewart VA. Malaria
diagnostics in clinical trials. Am ] Trop Med Hyg (2013) 89(5):824-39. doi: 10.4269/
ajtmh.12-0675

33. Wilson ML. Laboratory diagnosis of malaria: Conventional and rapid
diagnostic methods. Arch Pathol Lab Med (2013) 137(6):805-11. doi: 10.5858/
arpa.2011-0602-RA

34. Malaria diagnosis: Memorandum from a WHO meeting. In: Bull World
Health Organ (Geneva: World Health Organization), vol. 66. p. 575-94.

35. Milne LM, Kyi MS, Chiodini PL, Warhurst DC. Accuracy of routine
laboratory diagnosis of malaria in the United Kingdom. J Clin Pathol (1994) 47
(8):740-2. doi: 10.1136/jcp.47.8.740

36. Regules JA, Cicatelli SB, Bennett JW, Paolino KM, Twomey PS, Moon JE,
et al. Fractional third and fourth dose of RTS,S/AS01 malaria candidate vaccine: A
phase 2a controlled human malaria parasite infection and immunogenicity study. J
Infect Dis (2016) 214(5):762-71. doi: 10.1093/infdis/jiw237

37. RTS,S Clinical Trials Partnership. Efficacy and safety of RTS,S/AS01 malaria
vaccine with or without a booster dose in infants and children in Africa: Final
results of a phase 3, individually randomised, controlled trial. Lancet (2015) 386
(9988):31-45. doi: 10.1016/s0140-6736(15)60721-8

38. Cunningham J, Jones S, Gatton ML, Barnwell JW, Cheng Q, Chiodini PL,
et al. A review of the WHO malaria rapid diagnostic test product testing
programme (2008-2018): Performance, procurement and policy. Malar J (2019)
18(1):387. doi: 10.1186/s12936-019-3028-z

39. Das S, Jang IK, Barney B, Peck R, Rek JC, Arinaitwe E, et al. Performance of a
high-sensitivity rapid diagnostic test for Plasmodium falciparum malaria in
asymptomatic individuals from Uganda and Myanmar and naive human challenge
infections. Am ] Trop Med Hyg (2017) 97(5):1540-50. doi: 10.4269/ajtmh.17-0245

40. Landier J, Haohankhunnatham W, Das S, Konghahong K, Christensen P,
Raksuansak J, et al. Operational performance of a Plasmodium falciparum
ultrasensitive rapid diagnostic test for detection of asymptomatic infections in
eastern Myanmar. J Clin Microbiol (2018) 56(8):e00565-18. doi: 10.1128/
JCM.00565-18

41. Koita OA, Doumbo OK, Ouattara A, Tall LK, Konare A, Diakite M, et al.
False-negative rapid diagnostic tests for malaria and deletion of the histidine-rich
repeat region of the Hrp2 gene. Am ] Trop Med Hyg (2012) 86(2):194-8.
doi: 10.4269/ajtmh.2012.10-0665

42. Kozycki CT, Umulisa N, Rulisa S, Mwikarago EI, Musabyimana JP,
Habimana JP, et al. False-negative malaria rapid diagnostic tests in rwanda:
Impact of Plasmodium falciparum isolates lacking Hrp2 and declining malaria
transmission. Malar ] (2017) 16(1):123. doi: 10.1186/s12936-017-1768-1

43. Mpina M, Stabler TC, Schindler T, Raso ], Deal A, Acuche Pupu L, et al
Diagnostic performance and comparison of ultrasensitive and conventional rapid
diagnostic test, thick blood smear and quantitative PCR for detection of low-density
Plasmodium falciparum infections during a controlled human malaria infection study
in Equatorial Guinea. Malar J (2022) 21(1):99. doi: 10.1186/s12936-022-04103-y

44. Lyke KE, Ishizuka AS, Berry AA, Chakravarty S, DeZure A, Enama ME,
et al. Attenuated PfSPZ vaccine induces strain-transcending T cells and durable
protection against heterologous controlled human malaria infection. Proc Natl
Acad Sci USA (2017) 114(10):2711-6. doi: 10.1073/pnas.1615324114

45. Cunningham JA, Thomson RM, Murphy SC, de la Paz Ade M, Ding XC,
Incardona S, et al. WHO malaria nucleic acid amplification test external quality
assessment scheme: Results of distribution programmes one to three. Malar |
(2020) 19(1):129. doi: 10.1186/s12936-020-03200-0

46. World Health Organization. WHO external quality assurance scheme for
malaria nucleic acid amplification testing: Operational manual. (Geneva: World
Health Organization) (2018). No WHO/CDS/GMP/201802.

frontiersin.org


https://doi.org/10.1126/scitranslmed.aaz5629
https://doi.org/10.1371/journal.ppat.1009594
https://doi.org/10.1016/S1473-3099(17)30104-4
https://doi.org/10.1016/S1473-3099(17)30104-4
https://doi.org/10.1016/S0140-6736(04)17223-1
https://doi.org/10.1038/s41591-021-01470-y
https://doi.org/10.4269/ajtmh.19-0094
https://doi.org/10.1172/jci.insight.146443
https://doi.org/10.1046/j.1365-3156.2000.00566.x
https://doi.org/10.1093/cid/ciy219
https://doi.org/10.1186/s12936-022-04239-x
https://doi.org/10.1038/nature16039
https://doi.org/10.4269/ajtmh.19-0653
https://doi.org/10.1126/scitranslmed.aaa2373
https://doi.org/10.1371/journal.pone.0167951
https://doi.org/10.1016/j.vaccine.2020.09.071
https://doi.org/10.1016/j.vaccine.2020.09.071
https://doi.org/10.4269/ajtmh.17-1014
https://doi.org/10.1172/jci.insight.152465
https://doi.org/10.1172/jci.insight.152465
https://doi.org/10.1084/jem.20121972
https://doi.org/10.4049/jimmunol.0901297
https://doi.org/10.1016/j.celrep.2013.11.002
https://doi.org/10.4049/jimmunol.1202438
https://doi.org/10.1371/journal.pone.0010685
https://doi.org/10.1016/S1473-3099(18)30046-X
https://doi.org/10.4269/ajtmh.12-0675
https://doi.org/10.4269/ajtmh.12-0675
https://doi.org/10.5858/arpa.2011-0602-RA
https://doi.org/10.5858/arpa.2011-0602-RA
https://doi.org/10.1136/jcp.47.8.740
https://doi.org/10.1093/infdis/jiw237
https://doi.org/10.1016/s0140-6736(15)60721-8
https://doi.org/10.1186/s12936-019-3028-z
https://doi.org/10.4269/ajtmh.17-0245
https://doi.org/10.1128/JCM.00565-18
https://doi.org/10.1128/JCM.00565-18
https://doi.org/10.4269/ajtmh.2012.10-0665
https://doi.org/10.1186/s12936-017-1768-1
https://doi.org/10.1186/s12936-022-04103-y
https://doi.org/10.1073/pnas.1615324114
https://doi.org/10.1186/s12936-020-03200-0
https://doi.org/10.3389/fimmu.2022.1003452
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Owalla et al.

47. Mahittikorn A, Masangkay FR, Kotepui KU, De Jesus Milanez G, Kotepui
M. Comparative performance of PCR using DNA extracted from dried blood spots
and whole blood samples for malaria diagnosis: A meta-analysis. Sci Rep (2021) 11
(1):4845. doi: 10.1038/s41598-021-83977-5

48. Takano M, Iwahashi K, Satoh I, Araki ], Kinami T, Ikushima Y, et al. Assessment of
HIV prevalence among msm in Tokyo using self-collected dried blood spots delivered
throughthepostalservice. BMClInfect Dis(2018) 18(1):627.doi: 10.1186/s12879-018-3491-0

49. Hayashida T, Takano M, Tsuchiya K, Aoki T, Gatanaga H, Kaneko N, et al.
Validation of mailed via postal service dried blood spot cards on commercially available
HIV testing systems. Glob Health Med (2021) 3(6):394-400.doi: 10.35772/ghm.2021.01105

Frontiers in Immunology

09

10.3389/fimmu.2022.1003452

50. Prinsenberg T, Rebers S, Boyd A, Zuure F, Prins M, van der Valk M, et al.
Dried blood spot self-sampling at home is a feasible technique for hepatitis C RNA
detection. PloS One (2020) 15(4):e0231385. doi: 10.1371/journal.pone.0231385

51. Fokkema MR, Bakker AJ, de Boer F, Kooistra J, de Vries S, Wolthuis A.
HbAlc measurements from dried blood spots: Validation and patient satisfaction.
Clin Chem Lab Med (2009) 47(10):1259-64. doi: 10.1515/CCLM.2009.274

52. Chang M, Johnston S, Seilie AM, Hergott D, Murphy SC. Application of
dried blood spot sample pooling strategies for Plasmodium 18S rRNA biomarker
testing to facilitate identification of infected persons in large-scale epidemiological
studies. Malar J (2021) 20(1):391. doi: 10.1186/512936-021-03907-8

frontiersin.org


https://doi.org/10.1038/s41598-021-83977-5
https://doi.org/10.1186/s12879-018-3491-0
https://doi.org/10.35772/ghm.2021.01105
https://doi.org/10.1371/journal.pone.0231385
https://doi.org/10.1515/CCLM.2009.274
https://doi.org/10.1186/s12936-021-03907-8
https://doi.org/10.3389/fimmu.2022.1003452
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Rethinking detection of pre-existing and intervening Plasmodium infections in malaria clinical trials
	Introduction
	What are the consequences of low-density pre-existing and intervening infections on measurement of parasitological efficacy endpoints in vaccine studies?
	What are the consequences of pre-existing infections on measurement of immunological efficacy endpoints in vaccine studies?

	Low density Plasmodium infections – a frequent complicating factor worldwide
	Diagnostic methods for detecting low-density infections in malaria clinical trials
	TBS microscopy
	RDTs
	Nucleic acid amplification tests

	A strategy for more frequent, cost-effective testing to avoid clinical trial blind-spots
	Conclusions
	Data availability statement
	Ethics Statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


