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Plasmodium Gametocytes in Field Studies: Do we Measure 
Commitment to Transmission or Detectability?

Cristian Koepfli* and Guiyun Yan
Program in Public Health, University of California, Irvine, CA, 92697, USA

Abstract

The proportion of Plasmodium spp. infections carrying gametocytes and gametocyte densities are 

often reported as surrogate markers for transmission potential. It remains unclear whether parasites 

under natural conditions adjust commitment to transmission depending on external factors. 

Population-based surveys comprising mostly asymptomatic low-density infections are always 

impacted by the sensitivity of the assays used to diagnose infections and detect gametocytes. 

Asexual parasite density is an important predictor for the probability of detecting gametocytes, and 

in many cases, it can explain patterns in gametocyte carriage, without the need for an adjustment 

of the gametocyte conversion rate. When reporting gametocyte data, quantification of blood-stage 

parasitemia and its inclusion as a confounder in multivariable analyses is essential.
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Gametocytes as surrogate markers for malaria transmission potential

The prevalence of Plasmodium gametocytes in asymptomatic individuals has garnered 

increased interest in light of malaria elimination [1]. The proportion of infections carrying 

gametocytes and gametocyte density are frequently reported, along with estimates for 

asexual parasite density, in population-based studies as a surrogate marker for human-to-

mosquito transmission potential. The identification and treatment of gametocyte reservoirs 
(see Glossary) is an essential component of malaria elimination strategies.

During each cycle within the red blood cell, a proportion of parasites deviate from asexual 

replication and develop into gametocytes. The number of blood-stage schizonts that will 

develop into gametocytes depends on the gametocyte conversion rate. In recent years, great 

advances were made in our understanding of the processes governing this switch in 

Plasmodium falciparum (reviewed in [2]), and the AP2-G transcription factor was identified 
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as a key regulator [3]. In parallel, a range of molecular markers for gametocyte detection by 

reverse-transcription quantitative PCR (RT-qPCR) or nucleic acid sequence-based 
amplification (NASBA) in field isolates were developed (Box 1).

Gametocyte conversion rates might vary, depending on factors such as the level of acquired 

immunity, or as a reaction to treatment. When conditions in the human host deteriorate, or 

when mosquito densities increase (e.g. in regions of seasonal transmission), a higher 

investment in transmission would increase survival of the parasite [4]. Indeed, under 

controlled laboratory conditions, higher proportions of gametocytes were found after 

subcurative drug treatment [5], in response to host metabolites [6], or in mice co-infected 

with Schistosoma mansoni [7]. Likewise, adjustments of gametocyte sex ratios to maximize 

transmission success have been observed in controlled systems [8, 9].

It remains unclear whether parasites in the field adapt the gametocyte conversion rate in 

response to external factors to an extent that it is measurable in population-wide studies. A 

better understanding of commitment to transmission could help control programs to target 

gametocytes specifically through drugs and transmission-blocking vaccines [10].

Here, we propose that many observations on gametocyte carriage at the population level do 

not require an adjustment of the conversion rate by way of explanation. Rather, they can be 

explained by the correlation between asexual parasite and gametocyte densities, the limit of 

detection of parasites and gametocytes at low densities, and a delay of P. falciparum peak 

gametocytemia after parasitemia. In addition, measurement errors by commonly used 

qPCR assays [11, 12], and often small volumes of blood examined, confound results.

Assay sensitivity as a key determinant of the proportion of gametocyte-

positive infections

Several studies have shown that each 10-fold increase in Plasmodium vivax genome density, 

as measured by qPCR, results in 2-3-fold higher odds in detecting gametocytes [13-15]. For 

P. falciparum, this association was weaker, yet parasite density remained a significant 

predictor for gametocyte carriage [14, 16].

Given that parasite density is a strong predictor for the detection of gametocytes, the 

proportion of gametocyte-positive infections, and thus population gametocyte 
prevalence, depends heavily on the sensitivity of both the detection of asexual parasites and 

gametocytes. Clearly, assays that are more sensitive in detecting gametocytes will result in 

higher numbers of gametocyte carriers. This is evident when microscopy is compared to RT-

qPCR [14, 17, 18], or when RT-qPCR markers of different sensitivity are compared [19].

In most studies, in order to limit the number of RNA extractions and RT-qPCRs to be done, 

only infections that test positive for parasites by DNA-based PCR are screened for 

gametocytes [13, 20-22]. Therefore, in such cases, the population gametocyte prevalence 

will depend on the sensitivity of the initial screening for parasites, as will the proportion of 

gametocyte-positive infections detected. If the sensitivity of blood-stage detection decreases 

(e.g. when a less sensitive PCR is used), very low-density infections are no longer detected, 
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and therefore the average density of the infections detected will be higher. These infections 

are more likely to carry detectable gametocytes compared to very low-density infections. 

Thus, if gametocyte detection has a constant sensitivity, the proportion of gametocyte-

positive infections will increase as the sensitivity of blood-stage detection decreases.

Figure 1 shows data from a cross-sectional survey in Papua New Guinea, where 2,083 

individuals of the general population were surveyed [14]. All samples were screened by 

microscopy, nested PCR, or qPCR. Among the positive samples, P. falciparum and P. vivax 
gametocytes were subsequently detected by RT-qPCR. Based on qPCR, which was the most 

sensitive diagnostic assay used in this study, gametocytes were detected in 60% of P. 
falciparum and 49% of P. vivax infections. Using nested PCR (nPCR), which is less 

sensitive, fewer infections were detected. The mean density of nPCR-positive infections was 

higher than the density of infections positive by qPCR only, and thus the chance of detecting 

gametocytes by RT-qPCR was higher. As a result, gametocytes were detected in 66% and 

52% of P. falciparum and P. vivax nPCR-positive infections, respectively. Microscopy was 

the least sensitive diagnostics used in this study and detected only infections with medium or 

high densities. The chance of detecting gametocytes (by RT-qPCR) among these infections 

was high. Indeed, 88% of P. falciparum and 79% of P. vivax microscopy-positive infections 

carried gametocytes. Depending on the method for blood-stage parasite diagnosis, the 

population gametocyte prevalence ranged from 6.1% to 11.2% for P. falciparum and from 

5.3% to 6.3% for P. vivax (Figure 1).

The same principle applies when applying more sensitive parasite diagnostics: ultra-sensitive 

assays targeting multicopy genes [23], or diagnosis based on rRNA which is present in 

thousands of copies per parasite [24], resulted in higher parasite prevalence. Yet, the 

proportion of infections with detectable gametocytes was lower in infections detected by 

ultra-sensitive assays only [23, 24]. On the other hand, in studies that extracted DNA from a 

lower volume of blood (e.g. from dried blood spots on filter paper), and thus had limited 

sensitivity to detect low-density infections, nearly all infections carried gametocytes [25, 

26].

Gametocyte densities in cross-sectional surveys

Across studies, P. vivax gametocyte densities, as measured by RT-qPCR using marker pvs25, 

correlated to parasite densities, as measured by qPCR. In particular, no individuals with high 

asexual parasite density but absence of gametocytes were observed (Figure 2A) [13, 14, 21, 

22, 26]. Substantial variation in qPCR and RT-qPCR assays was observed between technical 

replicates [12], which might largely explain the variation observed in Figure 2A. At low 

parasite densities, gametocytes are likely to be below the limit of detection. This is expected 

to be frequent, in particular in the case of P. vivax, as parasite densities are often lower than 

for P. falciparum, and as pvs25 expression is lower than pfs25 expression [14, 24]. In 

addition, during the development of schizonts, the number of genomes increases 

approximately 10-fold within a few hours, while gametocyte densities are not expected to 

fluctuate within such short periods of time. It appears that no adjustment to the gametocyte 

conversion rate between strains is required to explain the P. vivax gametocyte densities 

observed.
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The pattern for P. falciparum is more complex (Figure 2B) [14, 21, 27]. Several factors 

complicate the study of the association between P. falciparum asexual parasite density and 

gametocyte density: (i) Developing gametocytes are sequestered for approximately two 

weeks [28]. Only mature (termed ‘stage V’) gametocytes are observed in peripheral blood. 

Gametocytes then circulate for approximately one week, although this period can reach up to 

a month [29]. (ii) Late P. falciparum stages are sequestered, thus parasite densities in 

peripheral blood do not reflect overall parasitemia. (iii) Drug treatment can result in the 

release of sequestered P. falciparum gametocytes.

Can the pattern in Figure 2B be explained by taking into account these aspects of the 

biology of P. falciparum gametocytes, or does it imply differences in conversion rate among 

infections? Even though conclusions on temporal trends remain speculative in cross-

sectional surveys, it appears that the 2-week sequestration of developing gametocytes and 

the long circulation of mature gametocytes could result in the patterns observed, without the 

need for adjustments of the conversion rate. In the first phase of the infections, asexual 

parasite density peaks, but as developing gametocytes are sequestered, their density in 

peripheral blood remains low. After treatment, or in the final phase of the infection, all 

remaining parasites in the blood might be gametocytes [30]. In between these groups, 

‘chronic’ infections with an intermediate proportion of gametocytes are observed.

Cohort studies with frequent sampling will be required to assess whether these processes 

indeed explain P. falciparum gametocyte densities in the general population. In addition to 

marker pfs25, which is specific for mature female gametocytes, markers for early 

gametocytes [31] will help to elucidate whether P. falciparum infections in the field differ 

with respect to gametocyte conversion.

Gametocyte carriage in response to external factors

In order to maximize transmission success, parasites might adjust gametocyte conversion 

according to external factors. Such processes were indeed observed in in-vitro and animal 

studies [5, 6, 8, 9], yet it remains unknown whether similar processes occur in the field. In 

particular, gametocyte densities in most of these experiments were several orders of 

magnitude higher than commonly observed in field samples, and well above the threshold 

for successful mosquito infection [32, 33]. Thus, they might not represent common natural 

situations, and patterns observed in field studies might be primarily shaped by detectability 

as discussed above.

Seasonality

In a number of malaria endemic countries, transmission is limited to a brief wet season, and 

absent during the dry season. P. falciparum infections persist at low densities during the dry 

season and initiate transmission once mosquitos become abundant in the wet season. It has 

been speculated that parasites might increase gametocyte conversion at the beginning of the 

transmission season [34]. From an evolutionary point of view, a parasite could benefit from 

not producing gametocytes during the dry season. The resources invested in gametocyte 

development will be lost if no mosquitos are present and thus no chance for onward 
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transmission exists. These gametocytes could also induce transmission blocking immunity 
[35] and thus reduce infectivity in the transmission season.

Indeed, early studies noted fewer gametocyte carriers in the transmission-free season 

[36-38]. Yet, already in these studies, based on microscopy, the correlation between parasite 

density and gametocytemia was apparent [36, 37, 39]. When sensitive molecular diagnostics 

were applied, gametocytes were repeatedly detected in the low-transmission season [18, 

40-42]. In several studies, the proportion of gametocyte-positive infections was lower in the 

dry season, but also mean parasite densities were much lower. Few studies have quantified 

parasites by qPCR and thus were able to correct for this factor. A study in Peru did so for P. 
vivax, and after correcting, no longer found any significant differences in gametocyte 

carriage between seasons [13]. The evidence gathered based on the current state of research 

indicates that parasites do not adjust gametocyte conversion to seasonality, and the apparent 

absence of gametocytes during the transmission-free season can be explained by the very 

low density of these infections.

Age of human host

Across studies, lower proportions of infections with gametocytes have been found with 

increasing age, both by microscopy [38, 43, 44] and PCR [14, 18, 43]. In parallel, some 

studies reported that in those adults carrying gametocytes, the proportion of gametocytes 

among all parasites was up to 20-fold higher than in children [43, 44].

As the result of naturally acquired immunity, in regions of high transmission intensity, 

parasite densities decrease strongly with age; 10-fold or higher differences in mean density 

between young children and adults are often observed [20]. To investigate whether parasites 

adapt their gametocyte conversion rate to host age, differences in the proportion of 

gametocyte-positive infections between age groups needs to be disentangled from the effect 

of differences in parasite density. The speed of acquisition and longevity of gametocyte-

specific immunity differs from immunity against asexual parasites [45, 46]. Differences in 

the rate of clearance of asexual parasites and gametocytes in different age groups thus 

complicate patterns further.

Based on the difficulty in detecting gametocytes in low-density infections, it seems likely 

that fewer individuals with gametocytes among adults might largely be the result of limited 

detectability and stochastic variation in the proportion of gametocytes, in particular in the 

case of studies based on microscopy. If parasite density is low, gametocytes are only 

detected if they constitute a high proportion of all parasites within an infection. As a result, 

among infections with detectable gametocytes in adults, a higher proportion of all parasites 

are gametocytes, as compared to children. Even when applying sensitive RT-qPCR, 

gametocytes are often detected in as few as 20% of infections in adults, compared to much 

higher proportions in children [14, 18, 43]. Likely, many adults carry gametocytes below the 

limit of detection even by RT-qPCR. More sensitive markers for gametocytes [19], or 

concentration of RNA from larger blood volumes during extraction, will be needed to 

understand gametocyte carriage in these very low-density infections.
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Mixed-species infections

Two studies in Papua New Guinea found lower gametocyte densities in individuals co-

infected with P. falciparum and P. vivax, after correcting for parasite densities [14, 15]. 

Parasite densities were similar in single-species and mixed-species infections [14]. It is not 

known whether this can be explained by cross-reactivity of gametocyte-specific antibodies 

resulting in fast clearance of gametocytes [47], or whether the conversion rate is 

downregulated in mixed-species infections. A limited number of studies have addressed 

gametocyte carriage in co-infections of other species; by microscopy, slightly higher P. 
falciparum gametocytes densities were observed in Kenyan individuals co-infected with P. 
malariae or P. ovale [39]. As this result was not corrected for parasite density, it might have 

been prone to confounding: high density facilitates both the detection of mixed-species 

infections, and of gametocytes. In Vietnam, gametocytes of P. falciparum, P. vivax and 

Plasmodium knowlesi were frequently detected in individuals co-infected with several 

species, but interactions were not assessed [48].

Drug treatment and anemia

At the recommended safe level, commonly used drugs, with the exception of primaquine, 

have moderate effects on gametocytes [49, 50]. P. falciparum gametocytemia up to 2 weeks 

following treatment is thus frequently observed [29], and treated individuals might be an 

important source of transmission during convalescence [51-54]. But does drug treatment 

result in a change of gametocyte conversion rates? This was indeed observed following 

chloroquine treatment at subcurative doses under carefully controlled laboratory conditions, 

whereby there was an increase in P. falciparum gametocytogenesis [5]. It remains very 

challenging to show whether certain drugs result in increased gametocyte conversion rates in 

the field.

In drug trials combined with studies on gametocyte carriage and infectivity, higher 

gametocyte numbers and higher infection success in patients with treatment failure were 

observed for up to a month following treatment [51-53]. To assess whether this is the result 

of a change of the gametocyte conversion rate, several confounders need to be considered: 

(i) Taking into account the 10-day development of P. falciparum gametocytes, effects of 

treatment on the conversion rate would not yet be apparent at day 7 after treatment. (ii) 

Gametocyte density at day 7 reflects parasite density approx. 3 days before diagnosis and 

treatment. In most cases, this density is unknown. (iii) While some drugs increase clearance 

of gametocytes [55], treatment can also result in the release of sequestered gametocytes, thus 

increasing their density in peripheral blood [56]. (iv) When infectivity is evaluated in 

addition to gametocyte density, a drug might not clear gametocytes, but still affect their 

infectivity [52, 57, 58]. In addition, drugs might act differently on male and female 

gametocytes [55], and transcripts might be detected even if gametocytes are rendered 

infertile.

To show an increase in the conversion rate, or even a terminal investment, that is, parasites 

invest their remaining resources in transmission [4], the input from sequestered gametocytes 

needs to be disentangled from gametocyte clearance and de-novo gametocyte development. 

Given the confounders listed above, this remains challenging in field studies. Controlled 
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human infections in malaria-naïve individuals could help to address these questions [30, 31]. 

Such studies have detected P. falciparum gametocyte rings immediately following detection 

of asexual infections, without the presence of triggers such as high-density infections [31], 

and waves of gametocytes after drug treatment were observed together with recrudescent 

asexual parasitemia [30, 31]. This primarily confirms that developing gametocytes are not 

cleared by the drugs used in these studies, with no evidence that drug treatment triggers 

gametocyte conversion [30, 31]. It remains difficult to assess whether treatment results in an 

increase in gametocyte conversion. Assays that can measure gametocyte commitment, i.e. 

targeting genes that are responsible for initiating the switch from asexual to sexual 

development, might be required to resolve this issue.

In several drug trials [59, 60] and cross-sectional surveys [14, 61] anemia was identified as a 

risk factor for gametocyte carriage. However, as anemia is often the result of prolonged or 

repeated infections, or high parasite density, this does not necessarily show that anemia 

results in a change of gametocyte conversion. Rather, a prolonged duration of infection 

might give P. falciparum more time to develop gametocytes, and will also affect levels of 

acquired immunity.

Concluding remarks and future perspectives

Despite the observation of parasites adjusting the gametocyte conversion rate in in-vitro 
studies [5, 6], it remains very challenging to find evidence for such processes in the field 

(see Outstanding Questions). Given the importance of parasite density as a predictor to 

detect gametocytes, it is essential that all studies assessing the proportion of gametocyte-

positive infections, or gametocyte density, quantify parasite densities and include them as 

confounders in multivariable analyses. Likewise, a good understanding of the limit of 

detection and technical variation of laboratory assays applied is crucial for the correct 

interpretation of gametocyte data in low-density infections.

Due to differences in protocols used, comparisons of studies conducted by different 

laboratories are often difficult. This hampers the ability to assess potential key factors of 

transmission epidemiology, such as the relationship between gametocyte conversion rate and 

transmission intensity, and to conduct formal meta-analyses. The volume of blood screened 

for parasites and gametocytes, and the limit of detection of qPCR and RT-qPCR assays must 

be reported in all studies. In addition, more accurate methods for genome [12] and 

transcripts quantification, protocols to quantify sequestered parasites [62], and markers for 

gametocyte commitment and for early gametocytes [31] are expected to allow for a better 

understanding of gametocyte commitment. To fully evaluate the effect of the 2-week 

sequestration of developing P. falciparum gametocytes in field studies, cohorts with frequent 

sampling (e.g. daily) will be needed.

It appears that parasite densities can explain many of the patterns of gametocyte carriage 

observed at the population level. Changes across age groups, i.e. overall fewer gametocyte 

carriers with increasing age [14], but possibly including some individuals with very high 

proportions of gametocytes [43], warrant further investigation. Likewise, future studies 

might reveal why fewer gametocytes are found in mixed-species infections. To understand 
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the possible effect of drug treatment on gametocyte conversion, a marker for sexually 

committed ring stages, as recently published [31], will be of great help. This marker allows 

the detection of committed P. falciparum gametocytes up to 10 days earlier than markers for 

mature gametocytes, and the same study showed that committed ring stages circulate in 

peripheral blood and can be quantified before being sequestered [31]. Adjustments to 

gametocyte sex ratios as a response to the environment might be more pronounced than 

adjustments of overall gametocyte densities. The use of both male and female gametocyte 

markers will enable the study of such processes in the field [63].

Given the strong dependence of gametocyte density on asexual parasite density, measures of 

asexual parasite density might often provide sufficiently reliable estimates of transmission 

potential, in particular for P. vivax. Importantly, while the presence of male and female 

gametocytes is a prerequisite for transmission, many additional factors need to be taken into 

consideration when assessing the contribution to transmission of specific groups within the 

population [1, 64]. This includes the assessment of the infectivity of gametocytes through 

mosquito feeding assays [32, 33]. While several of the factors discussed here might have 

limited effects on gametocyte density, they might affect infectivity, either because 

gametocytes are infertile, or because of transmission blocking immunity elicited by the 

human host [65].
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Glossary

Blood-stage schizont
Matured malaria parasite, representing the final stage of the asexual cycle of the parasite in 

human blood. A schizont contains approximately a dozen daughter parasites (merozoites), 

which upon release invade red blood cells. All merozoites of a schizont develop either 

asexually, or, in the case of a sexually committed schizont, develop into gametocytes. P. 
falciparum schizonts are sequestered in inner organs and not observed in peripheral blood

Conversion rate
Proportion of parasites that deviate from asexual replication and develop into gametocytes

Gametocyte reservoir
All gametocytes in a population, i.e. a combination of the number of gametocyte carriers and 

gametocyte densities. Gametocyte reservoirs do not have a unit of measurement

Gametocytemia
Gametocyte density (gametocytes/μL blood)

Infectivity
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Ability of a parasite to infect a mosquito upon feeding blood. Two main parameters are 

assessed – the number of mosquitos infected, and the number of oocysts (developing 

parasites in the mosquito midgut) per mosquito

Nucleic acid sequence-based amplification (NASBA)
Method for the quantification of RNA, and thus for measuring gene expression. In contrast 

to RT-qPCR, the amplification step occurs at a constant temperature

Parasitemia
Parasite density (parasites/μL blood)

Population gametocyte prevalence
number of gametocyte carriers divided by the general population (including parasite-free 

individuals)

Proportion of gametocyte-positive infections
Number of gametocyte carriers divided by those infected

Reverse-transcription quantitative PCR (RT-qPCR)
Method for the quantification of RNA, and thus for measuring gene expression. RNA is first 

transcribed to complementary DNA (cDNA), and then the cDNA is amplified and quantified

Terminal investment
According to this theory, individuals invest increasingly in reproduction (gametocyte 

production in the case of malaria parasites) if conditions deteriorate and survival of the 

parent is at risk

Transmission-blocking immunity
Immunity specifically against gametocytes or mosquito stages, which can result in clearance 

of gametocytes from the blood

Transmission-blocking vaccines (TBV)
A vaccine that inhibits parasite development in the mosquito. Antibodies generated by the 

human immune system upon vaccination are taken up by the mosquito during a blood-meal, 

and interfere with proteins of the parasite expressed in the mosquito. TBVs do not offer a 

direct benefit for the individual vaccinated but aim to reduce transmission at the community 

level. Several TBVs are being developed, but to date none have been approved
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Highlights

• Understanding who carries gametocytes and therefore is likely to be infective 

to mosquitos, including in the case of asymptomatic infection, is key to 

malaria elimination.

• When the proportion of gametocyte-positive infections and gametocyte 

densities are measured in population-based surveys, the results are 

substantially impacted by imperfect detectability.

• Blood-stage parasite density is a key variable for the probability of detecting 

gametocytes.

• Many factors associated with gametocyte carriage in univariate analyses are 

no longer significant if blood-stage parasite density is included in 

multivariable analyses as a confounder.
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Box 1

Markers for Gametocyte Detection

Field studies of gametocyte carriage have long been hampered by the limited sensitivity 

of light microscopy. While P. falciparum gametocytes can be relatively easily identified 

by their characteristic shape - the term “falciparum” stems from the curved shape of their 

gametocytes [66] – P. vivax gametocytes are difficult to distinguish from trophozoites 

[67]. Sensitive molecular assays for the diagnosis of gametocyte-specific RNA-transcripts 

allow gametocytes to be examined in low-density infections.

Among the first markers described for gametocyte detection were pfs25 
(PF3D7_1031000) [68], pfs16 (PF3D7_0406200) [69] and pfg377 (PF3D7_1250100) 

[70] for P. falciparum, and pvs25 (PVX_111175) for P. vivax [71]. pfs25 and pvs25 are 

the most widely applied markers and are predominantly expressed in female gametocytes. 

pvs25 is expressed at considerably lower levels than pfs25, which results in reduced 

sensitivity in detecting P. vivax gametocytes [14, 24]. Recently, pfg17 (PF3D7_1319800) 

was shown to be more sensitive than pfs25 and thus more P. falciparum gametocyte 

carriers were identified [19]. PfGEXP5 (PF3D7_0936600) is a marker for early (ring-

stage) gametocytes [31, 72].

In combination with female-specific markers, male-specific markers, e.g. pfs230p 
(PF3D7_0209000), pf13 (PF3D7_1311100) [73, 74], and Pf3D7_1469900 [63], enable 

sex ratios of gametocytes to be determined. This is particularly relevant when testing 

drugs that might affect male and female gametocytes differentially [55].

As qRT-PCR assays also amplify residual DNA co-extracted with RNA, DNase treatment 

is required to avoid false-positive results. RT-qPCR assays with primers spanning splice 

sites of gametocyte-specific transcripts with several exons bypass the need for DNase 

treatment. Such markers, e.g. Pf11.1 (PF3D7_1038400) [75] and PF3D7_0630000 [76], 

might result in better detectability, as DNase treatment is expected to lower RNA yields, 

and simplify laboratory procedures, as a single co-extraction of DNA and RNA becomes 

feasible. Pf11.1 was found to be 5-fold more sensitive when spanning a splice site, as 

compared to an assay targeting the same gene but requiring DNase treatment [75]. Yet, 

due to their lower expression levels, the limit of detection of PF11.1 and PF3D7_0630000 

was at least 10-fold higher compared to the pfs25 assay (including DNase treatment). 

pfs25 and pfg17 are single-exon genes, thus developing assays spanning splice-sites to 

increase sensitivity of these markers further is not feasible.

Gametocyte-specific, polymorphic transcripts will enable genotyping of individual 

gametocyte clones that can be followed over time. Several size-polymorphic gametocyte 

markers have been described, with pfs230 (PF3D7_0209000) and pfg377 
(PF3D7_1250100) being the most diverse [75, 77].
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Outstanding Questions

• Do Plasmodium spp. alter their commitment to transmission, i.e. the 

gametocyte conversion rate, in response to external factors in population-

based studies?

• How can we measure gametocyte commitment in field studies? I.e. can we 

develop markers that detect parasites committed to gametocyte development, 

before committed schizonts sequester?

• Can we increase comparability of reporting of gametocyte densities assessed 

by different protocols? How do different RNA collection (e.g. filter paper vs. 

blood collected into RNA preservation reagent) and extraction methods (e.g. 

spin column vs. magnetic bead-based protocols) affect the number of 

transcripts per gametocyte detected?

• Does P. falciparum gametocyte density follow asexual density with a lag of 

10-14 days?

• How will the inclusion of male-specific markers in addition to female markers 

pfs25 and pvs25 in population-based surveys affect results?
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Figure 1. 
Population parasite and gametocyte prevalence in relation to the diagnostic method used to 

detect blood-stage infections (qPCR, nested PCR, or microscopy). In each bar, the number 

of asexual infections, the number of infections with gametocytes detected, and the 

proportion of gametocyte-positive infections are given. Gametocytes were detected by RT-

qPCR of marker transcripts pfs25 and pvs25 among samples that tested positive for P. 
falciparum or P. vivax by qPCR, nested PCR, or microscopy. Data are from a cross-sectional 

survey in Papua New Guinea, involving 2083 individuals [14].
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Figure 2. 
P. vivax pvs25 (A) and P. falciparum pfs25 (B) transcript density vs. genome density in 

cross-sectional surveys. Possible scenarios resulting in infections with above or below 

proportions of gametocytes among all parasites are indicated. As each gametocyte contains 

one genome, high pvs25 or pfs25 densities when genome copies are very low (top-left 

region in graphs) are not observed. Data are from two cross-sectional surveys conducted in 

Papua New Guinea (4,600 individuals surveyed, 766 positive for P. vivax, 611 positive for P. 
falciparum by qPCR) [20].
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