
International Journal of Infectious Diseases 147 (2024) 107220 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Short Communication 

Extensive low-density Plasmodium falciparum reservoir in the island of 

Príncipe, an isolated malaria pre-elimination setting 

Taís Nóbrega de Sousa 

1 , 2 , Patricia Carneiro Machado 

3 , Inês Lopes 3 , Edvaldo Das Neves 3 , 
Alda Narciso 

4 , Anastácio Pires 5 , Adalberto Santos 5 , Maria Jesus Trovoada 

5 , 
José Pedro Gil 1 , 6 , # , Dinora Lopes 3 , 7 , 8 , # , ∗

1 Division of Parasitology. Department of Microbiology, Tumor and Cell Biology (MTC), Karolinska Institutet, Stockholm, Sweden 
2 Molecular Biology and Malaria Immunology Research Group, Instituto René Rachou, Fundação Oswaldo Cruz (FIOCRUZ), Belo Horizonte, Brazil 
3 Science and Community Support Service (SACC), Institute of Hygiene and Tropical Medicine, Nova University of Lisbon, Lisbon, Portugal 
4 Monitoring and Evaluation Unit of PNEP, Autonomous Region of Príncipe, São Tomé, São Tomé and Príncipe 
5 National Endemic Center (CNE), Health Ministry, São Tomé, São Tomé and Príncipe 
6 Individual Health Care (IHC), Global Health and Tropical Medicine, Institute of Hygiene and Tropical Medicine, Nova University of Lisbon, Lisbon, Portugal 
7 Tropical Medicine Unit, Institute of Hygiene and Tropical Medicine, Nova University of Lisbon, Lisbon, Portugal 
8 Vector Borne Diseases and Pathogens (VBD), Global Health and Tropical Medicine, Institute of Hygiene and Tropical Medicine, Nova University of Lisbon, 

Lisbon, Portugal 

a r t i c l e i n f o 

Article history: 

Received 22 May 2024 

Revised 20 August 2024 

Accepted 20 August 2024 

Keywords: 

Malaria 

Plasmodium falciparum 

Elimination 

Parasite reservoir 

a b s t r a c t 

Objectives: The isolated Príncipe is at the malaria pre-elimination stage. Autochthonous clinical cases 

have been reported sporadically on the island, signaling the possibility of a sizable subpatent (i.e., rapid 

diagnostic test- and microscopy-negative and polymerase chain reaction [PCR]-positive) parasite reservoir. 

Methods: Asymptomatic low-density infections were detected by quantitative PCR (qPCR) targeting Plas- 

modium falciparum multicopy genes ( pfr364 and varATS ). Positivity rates were assayed for samples sur- 

veyed by active case detection (n = 112) and reactive case detection (n = 221) in 2022. 

Results: qPCR unveiled 70% of low parasitemia carriers, reaching > 90% in reactive case detection. The 

high P. falciparum prevalence was confirmed by the two high-sensitivity qPCR protocols. Higher positivity 

rates were observed in the localities where most malaria cases were reported in 2022. Most parasitemias 

were very low ( < 2 Pf /μl). 

Conclusions: These findings suggest that pre-elimination surveillance can benefit from the routine appli- 

cation of highly sensitive tools to unveil otherwise invisible but potentially relevant parasite populations. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

São Tomé and Príncipe (STP) adopted artemisinin combination 

herapy for malaria treatment in 2005, subsequently achieving sig- 

ificant reductions in malaria incidence. This trend, as well as 

ts geographic isolation, has long prompted STP as an equatorial 

frican nation with realistic prospects of malaria elimination. The 

ational Malaria Elimination Program (NMEP), part of Centro Na- 

ional de Endemias (CNE), has a well-established and tight control 

f the disease based on frequent cross-sectional surveillance, in- 

ense reactive case detection (RACD), and supervised active case 
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etection (ACD) routines, the latter reinforced by a statutory 28- 

ay follow-up. 

The smaller (90 km2 ) Príncipe Island is particularly isolated, 

75 km northeast of São Tomé, and 230 km southwest of Bioko 

sland, representing an administratively autonomous region. The 

otal population is estimated at 8100 inhabitants (2022), spread 

ainly in the northern regions, in small villages irradiating from 

he main city, Santo António. Príncipe has generally been in a 

ore advanced stage in the path of elimination as compared with 

ão Tomé [ 1 ], defining the whole country as an intriguing two- 

peed malaria pre-elimination setting. Príncipe elimination trajec- 

ory serves as a data source for decision-making concerning the 

arger island and as a valuable case concept for tropical Africa. 

Príncipe has experienced periods without registering clinical 

alaria events, with annual malaria case incidence apparently sta- 

ilized at 0.35-0.50% levels for a long time. Thirty and 31 new 
ty for Infectious Diseases. This is an open access article under the CC BY license 
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Figure 1. Molecular surveillance of Plasmodium falciparum malaria in the island of Principe. (a) Schematic diagram showing the outcomes of the four tests performed for P. 

falciparum detection. Positivity rate of P. falciparum infection according to (b) molecular test (nested-PCR, pfr364 qPCR, and varATS qPCR) and (c) surveillance type (active or 

reactive case detection). Positive, in red; negative, in green. qPCR, quantitative polymerase chain reaction. 
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ymptomatic infections were reported in 2022 and 2023, respec- 

ively (NMEP report), with six and three cases classified as im- 

orted each year, respectively. 

This incidence is similar to the registered in Zanzibar, another 

egion in pre-elimination status, with the important difference that 

he latter territory experiences constant reintroduction of parasites, 

ue to the proximity of mainland Tanzania. This raises the possi- 

ility that, with no significant external parasite input, new patent 

nfections in Príncipe are driven by local non-negligible sub-patent 

. falciparum cryptic reservoir, a possibility not previously explored 

n this island. 

aterials and methods 

To address the reservoir hypothesis, random samples from CNE 

urveillance actions were herein analyzed from scattered locations. 

nonymized blood samples from 333 subjects of all ages were 

ncluded, covering seven different locations between the 31st of 

ay and the 30th of July 2022, coinciding with an expected peak 

alaria season. All were rapid diagnostic test (RDT)-negative (SD 

ioline Malaria Differential P.f/Pan Ag Test [HRP II + pLDH]). These 

ere provided by two survey types: ACD from routine surveillance 

n = 112), or RACD of a normative 100 m perimeter following the 

dentification of a clinical index case (n = 221) (Figure S1). Total 

NA was extracted using a QIAamp DNA Mini kit (Qiagen) from 

ry blood spots (6-hole punches) in filter paper. DNA was eluted 

n a final volume of 100 μl and concentrated to 30 μl. Parasite 

ensity was determined using standard curves prepared with DNA 

xtracted from P. falciparum 3D7 culture dilutions. Molecular diag- 

oses were conducted as previously described [ 2 , 3 ]. More details 

re presented in the Table S1. 

esults 

The presence of P. falciparum DNA was first tested by conven- 

ional nested-polymerase chain reaction (PCR) targeting the 18S 

ibosomal RNA gene (5-8 genomic copies), revealing nearly one- 

uarter of the subjects as parasite carriers (73/313, 0.233 [95% con- 

dence interval {CI}, 0.187-0.284]) ( Figure 1 a-b). This prompted us 

o apply more sensitive quantitative PCR (qPCR)-based methods to 
2

xplore better the effective size of the malaria reservoir. A high- 

ensitivity qPCR targeting the multicopy pfr364 gene was primar- 

ly applied, significantly increasing the rate of positivity towards 

31/332 (0.696 [95% CI, 0.643-0.745], P < 0.001 by Fisher exact 

est). We further confirmed the high P. falciparum prevalence by 

nalyzing a subset of 185 samples using a second high-sensitivity 

PCR, now based on the amplification of the telomeric var family 

enes. For this subset of samples for which the DNA was available, 

e detected a rate of 0.676 (95% CI, 0.603-0.743) of P. falciparum 

nfection. 

Considering positive results by at least one of the molecular 

ests, the overall positivity rate was 0.880 (95% CI, 0.840-0.913). 

ccording to surveillance type, we found that subjects in the ra- 

ius surrounding malaria index cases (RACD) showed significantly 

igher rates of positivity (208/221, 0.941 [95% CI, 0.902-0.968]) 

hen compared with ACD data (86/112, 0.768 [95% CI, 0.679- 

.842], P < 0.001 by Fisher exact test) ( Figure 1 c). 

The rates of positivity varied by locality assayed in Príncipe 

0.250-0.981). The two localities where most symptomatic infec- 

ions were reported in 2022 showed the highest positivity rates 

 Figure 2 a). Autochthones clinical cases (n = 30) were reported 

ear-round (March to December), with most cases occurring in 

ay (n = 9) followed by December (n = 6). However, the local- 

ties differed between the two peaks of cases: central (St. António 

nd Abade) and the north region of the island, respectively. 

Infections were further characterized by quantifying low- 

ensity parasitemias. The approximate parasitemia was success- 

ully determined in 230 samples (RACD = 186, ACD = 44), re- 

ealing that median parasitemia values were significantly higher 

mong the case reactive series 0.93 (interquartile range, 0.33-2.15) 

s 0.35 (interquartile range, 0.09-1.04) Pf /μl, P = 0.009 by Mann- 

hitney test ( Figure 2 b). Most parasitemias were at the low-end 

pectrum, with a large portion of the values < 2 Pf /μl. 

iscussion 

Príncipe Island has been in the advanced pre-elimination phase 

or more than a decade, but total elimination has been elusive with 

ocal symptomatic infections sporadically emerging, apparently in 

 random fashion. A relevant observation is the peak numbers of 

arasite carriers around index malaria cases, leading us to hypoth- 
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Figure 2. Distribution of malaria cases and parasite densities per surveillance type in Principe, 2022. (a) Map of Principe showing the distribution of malaria cases (triangles) 

and positivity rate by pfr364 quantitative polymerase chain reaction (pie chart) . The total number of malaria cases per locality is indicated in parentheses. (b) Density 

plot showing the distribution of parasite densities for active and reactive surveillance. Parasite density was estimated for 230 samples. The dotted lines represent median 

parasitemia values. 
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size the high prevalence of asymptomatic low-density infections 

n these foci as the driving force for these clinical events. Our find- 

ngs are supported by the fact that low-density infections can in- 

rease the overall risk of clinical malaria development [ 4 ]. Larger 

cale studies with a more controlled sample need to be performed 

o support the modeling of the dynamics of such clinical case gen- 

ration foci, establishing potential prevalence thresholds of risk 

nd, hence, forecast hotspots of clinical events. 

The absence of infections when assessed by microscopy or RDT 

limit of detection: 50 Pf / μl ) or by conventional nested-PCR (limit 

f detection: 5-10 Pf / μl ) does not reflect the fact that P. falciparum

opulations are firmly present, infecting a considerable proportion 

f the analyzed population at low densities. Such low parasitemias 

ight not be irrelevant. As previously mentioned, sub-microscopic 

nfections have been documented to increase the risk of active dis- 

ase [ 4 ] and anemia, as well as placental malaria during pregnancy 

 5 ]. They are also able to maintain operational levels of transmis- 

ion [ 6 ], which is indirectly evident from the pointed scenario of 

8% of parasite carriers. In all, such a large reservoir will constitute 

 hidden barrier in the process of elimination. The mechanisms of 

aintenance of these low parasitemias, which have been reported 

n other malaria settings [ 7 ], are unclear but might at least par-

ially involve the leaking of parasites from deep tissues, e.g., the 

pleen, recently documented to contain viable infected red blood 

ells leading to chronic malaria [ 8 ]. 

Considering the degree of Príncipe isolation and well- 

stablished control measures, the finding of a large malaria reser- 

oir comprising most of the population was somewhat unexpected, 

ue to the documented very low clinical case incidence. Concern- 

ng the latter, it is worth noting that STP malaria surveillance heav- 

ly relies on RDTs, followed by microscopic examination in events 
i

3

f positivity. The former has sensitivity limitations that might lead 

o the occasional misdiagnosis of clinical malaria. Additionally, the 

tatus of pfhrp2/3 gene deletions in these parasite populations re- 

ains to be addressed, as it can impact RDT performance, albeit 

t is expected to be relatively rare if following the present trend in 

est Africa [ 9 ]. Finally, it should be noted that from the RDT-based 

ature of this study, no information on gametocyte carrier rates 

as available. Our study suggests that pre-elimination surveillance 

t Príncipe – and other regions in similar disease control stages - 

an benefit from the routine application of highly sensitive tools, 

amely qPCR-based, unveiling otherwise invisible but potentially 

elevant parasite population. As we report these findings, afford- 

ble, field-centric applications of this technology are becoming 

vailable [ 10 ], making this a valuable option in the near future. 

ew interventions that strengthen the NMEP are key to achieving 

he malaria elimination goal in Príncipe. This will involve targeting 

ubpatent parasite reservoirs within an already well-established 

urveillance system that includes RACD and ACD routines. 
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