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Abstract 

Background  Malaria transmission depends on the presence of gametocytes in the peripheral blood of infected 
human hosts. Understanding malaria infectious reservoirs enables transmission-blocking interventions to target 
the most important hosts for the disease. This study characterized the distribution of gametocyte carriage as a base-
line for the clinical evaluation of a Pfs25-based transmission-blocking vaccine candidate in Bagamoyo, Tanzania.

Methods  A malaria survey was conducted in five locations from May to August 2022. A total of 467 partici-
pants—192 children (5–12 years), 65 adolescents (13–17 years) and 210 adults (18–45 years)—were enrolled. Malaria 
was detected using three methods: rapid diagnostic tests, light microscopy and quantitative polymerase chain reac-
tion. The geometric mean of the gametocyte density, and weighted arithmetic mean of the gametocytes sex ratio 
were estimated.

Results  Overall, 23.5% (110/467) of the participants tested positive for malaria parasites, with the majority of posi-
tives (> 92%) being Plasmodium falciparum. The overall gametocytaemia was 5.6%, with a percent positivity of 6.8% 
(13/192), 6.2% (4/65) and 4.3% (9/210), in children, adolescents, and adults, respectively. The geometric mean gameto-
cyte density (gametocytes/μL) was greater in adults (124.6) than in children (71.7) and adolescents (50.5). Regression 
analysis revealed that gametocytes were more likely to be present among male participants than among female par-
ticipants [ORa: 2.79 (95% CI: 1.19 – 6.59) p = 0.019]. The gametocyte sex ratio in children and adult gametocyte carriers 
was similar but greater than that in adolescents.

Conclusion  The observed gametocyte densities and distribution across age groups suggest the need for malaria 
transmission-blocking interventions to target all populations in heterogeneous transmission settings. The implication 
of targeting only children may leave residual malaria transmission and reinfection from the left-out groups.
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Graphical abstract

Background
The malaria burden is still high in the sub-Saharan Africa 
despite recent progress towards the Global Technical 
Strategy (GTS) milestones for malaria 2016–2030 [1, 2]. 
Tanzania is ranked among countries with high coverage 
and compliance to the use of core vector control tools, 
including insecticide treated nets and indoor residual 
spraying. Although the current interventions have sig-
nificantly reduced the malaria burden in Tanzania [3], 
the country accounted for approximately 3% of all the 
global malaria deaths reported in 2023 [4, 5]. The malaria 
burden continues to persist or increasing within certain 
regions in the country, indicating that additional inter-
ventions are needed.

Malaria infection has a complex life cycle involving asex-
ual and sexual stages between humans and female Anoph-
eles mosquitoes [6, 7]. While clinical malaria results from 
parasite replication in human red blood cells (RBCs), it is 
the sexual forms (gametocytes), that are solely responsi-
ble for the transmission of the disease [6]. Mature (stage 
V) gametocytes circulate in human peripheral blood for 
an average of 4.6–6.5 days, and transmission occurs when 
at least one male and one female gametocyte are ingested 
by mosquitoes during a blood meal [6]. Malaria parasite 
transmission to mosquitoes is influenced by general para-
site characteristics such as gametocyte density [8–10], con-
current asexual parasite density [11], the male to female 

gametocyte ratio [8, 12], and human host factors such 
as age and immunity [13]. Tanzania is stratified into four 
malaria transmission intensities based on malaria infection 
prevalence including very low (< 1%), low (1 < 5%), moder-
ate (5 < 30) and high (> 30), indicating an heterogeneous 
transmission setting that require interventions that are 
not currently within the arsenal. The transmission-block-
ing tools are potential tools to thwart the transmission of 
sexual stage parasites between human and mosquitoes 
for an improved malaria control [14]. Efforts to develop 
malaria transmission-blocking tools require a thorough 
understanding of the human infectious reservoirs to deter-
mine the most important disease hosts to be targeted [15, 
16]. School-aged children are known to harbor a greater 
number of gametocytes [17] and are thought to be the 
main target group for transmission-blocking interven-
tions. However, the epidemiology of gametocyte carriage 
is not fully understood. In this study, the distribution of 
gametocyte carriage and natural gametocyte sex ratios 
are estimated, as a baseline for the clinical evaluation of a 
Pfs25-based transmission-blocking vaccine candidate in 
Bagamoyo, Tanzania.

Methods
Study area
The study was conducted in Bagamoyo district, which is 
located in Tanzania’s coastal region as shown in Fig.  1. 
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The district represents a heterogeneous malaria trans-
mission, with prevalence in the general population rang-
ing between 7–39% [18, 19]. The transmission intensity is 
usually high during and after the long rainy season [15], 
which usually occurs from March to June. The major-
ity of the reported cases are caused by Plasmodium fal-
ciparum, but  Plasmodium malariae  and Plasmodium 
ovale have also been reported [18, 20–22]. The five sites 
surveyed in Bagamoyo district have varying malaria 
transmission intensities: Bagamoyo township, Fukayosi, 
and Yombo with moderate (5 < 30% malaria infection 
prevalence), and Wami-Mkoko and Miono with high 
malaria transmission intensity (> 30% malaria infection 
prevalence) measured by qPCR in this study, and cat-
egorized following the guidelines of the U.S. President’s 
Malaria Initiative (PMI) for Tanzania mainland [19]. 
Reported vector control practice employed in the study 
area are bed net with 69% coverage (households with one 
bed net for every two persons) and house modification 
with 65% of the households with screened windows and 
13% with closed eaves [23].

Study design and population
A malaria survey was conducted from May to August 
2022. A total number of 467 participants, were enrolled 
using a simple purposively random selection from pri-
mary schools, peripheral dispensaries and community-
based malaria testing camps. Participants were invited for 
malaria screening following mass sensitization by village 
health teams. All participants aged 5–45  years, without 
clinical symptoms for malaria, were eligible for enroll-
ment. The participants who tested positive for  malaria 
infection by rapid diagnostic tests (RDT) were treated 
with artemether-lumefantrine [24] within 24 h of diagno-
sis, as per the national guidelines [25].

Blood sample collection and preservation
Blood samples were collected into 2.0-millilitre tubes 
containing ethylenediaminetetraacetic acid (EDTA). A 
total of 20  µl (µL) were used for malaria detection via 
RDTs and light microscopy. A volume of 200 µL was 
immediately preserved in 600 µL of 1 × deoxyribonu-
cleic acid/ribonucleic acid (DNA/RNA) Shield™ (Zymo 

Fig. 1  Map of the Bagamoyo district in Tanzania indicating the location of the Study sites. Participants originated from any part of each of the study 
sites shown on the map
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Research, Irvine, USA) for nucleic acid extraction to 
detect and quantify circulating parasites. Each sample 
was tested for malaria by RDT, light microscopy, and 
qPCR.

Malaria detection by RDT and microscopy
Bioline™ Malaria Ag P.f/Pan (HRPII/pLDH), Standard 
Diagnostic, South Korea, was used for rapid malaria 
detection as described previously [18]. Briefly, approxi-
mately 10 μL blood was added to the sample well, fol-
lowed by the addition of two drops of the standard 
buffer to the developer well, and left for 15  min before 
the results were read and recorded for each test run. 
Asexual parasite and gametocyte detection were per-
formed in prepared thick smears stained for 30  min 
with 10% Giemsa stain and the smears were examined 
for the presence of  Plasmodium  parasites at 100 × mag-
nification. In malaria parasite-positive smears, asexual 
parasites were counted per 200 white blood cells (WBCs) 
and gametocytes were counted per 500 WBCs. Malaria 
parasite densities were determined by assuming 8000 
white blood cells per µL of blood. Smears were consid-
ered microscopy-positive for gametocytes when at least 
one gametocyte was observed. Smears were considered 
negative if no Plasmodium parasites were detected in 100 
consecutive [26] high-power fields. Two microscopists 
examined the slides independently with a difference of 
4.5% discordant slides between the two microscopists. A 
third microscopist re-examined the discordant smears to 
confirm the results.

Malaria detection and quantification by qPCR
Parasitaemia was determined by quantitative polymerase 
chain reaction (qPCR) performed on the blood samples 
preserved in DNA/RNA Shield™ [27, 28]. Genomic DNA 
was extracted from Plasmodium positive blood samples 
using a Quick-DNA Miniprep Plus Kit (Zymo Research, 
USA), and eluted in 50  µL of elution buffer. The qPCR 
targeting the Pan-Plasmodium 18S rRNA and P. falci-
parum-specific varATS sequences, was performed. This 
approach enhances both the specificity and sensitivity for 
detecting P. falciparum as well as non-falciparum Plas-
modium species. The single qPCR reaction contained 
2μL of parasite DNA and 8  µL of reaction master mix 
containing 1 × Luna Universal Probe qPCR Master Mix 
(New England Biolabs, USA). The samples were run in 
duplicate along with negative controls and  P. falcipa-
rum NF54 DNA as a positive control. To investigate other 
Plasmodium species infections in the study sites, all Plas-
modium-positive samples were further analysed by 
including controls for Plasmodium malariae, and Plas-
modium ovale in the assay [29]. qPCR was performed 
on a CFX96 real-time qPCR thermocycler (Bio-Rad, 

Singapore), and the results were analysed with CFX Man-
ager Software (v2.2). The following thermal profile was 
used: polymerase activation at 95 °C for 60 s (s), 45 cycles 
of denaturation at 95 °C for 15 s, and annealing and elon-
gation for 45 s at 57 °C. The number of parasites per µL of 
blood was calculated against the World Health Organiza-
tion (WO) international standard for P. falciparum DNA 
quantification techniques [27]. The standard was serially 
diluted from 100,000 parasites/µL—0.0001 parasites/
µL—and run in triplicate [29].

The primers and probes used in Schindler et al., 2019 
[29], were used as described in Hofer et  al., 2023 [18]. 
Sample analysis was performed using the same qPCR 
system, reaction volumes, and materials as described 
above, except that the cycling conditions used for the 
assay were as follows: activation for 5  min at 95  °C; 45 
cycles of denaturation for 15 s at 95 °C and annealing and 
elongation for 45 s at 57 °C.

Gametocyte detection by RT‒qPCR
Ribonucleic acid (RNA) was extracted from all qPCR-
positive samples, using the Quick-RNA™ MiniPrep Plus 
kit (Zymo Research). The protocol was adapted accord-
ing to the manufacturer’s instructions as previously 
described [18]. Plasmodium falciparum gametocytes 
were detected and quantified using a multiplex qRT‒PCR 
assay described previously by Meerstein‑Kessel et  al., 
[30]. The assay combined two independent Plasmodium 
targets: the female gametocyte-specific marker (CCp4) 
and the male gametocyte-specific marker (PfMGET), as 
detailed in Additional file 1. Reverse transcription, ampli-
fication, and qPCR measurements were performed using 
the same instrument as above with the following thermal 
profile: 15 min at 55  °C; 60  s at 95  °C; 40 cycles of 10  s 
95  °C and 60  s at 60  °C. Each reaction contained 4  µL 
RNA and 10  µL reaction master mix containing Luna 
Universal 1 × One-Step qRT‒PCR Kit (New England Bio-
labs, USA). The standard curves for gametocyte quanti-
fication were prepared using RNA standards (obtained 
from the Department of Medical Microbiology, Radboud 
University Medical Center, Nijmegen, The Netherlands) 
for sex-sorted gametocytes [26, 28]. A tenfold dilution 
series in the range of 106/mL to 101/mL was made for 
each standard and used for standard curve preparation. 
The reaction efficiencies for PfMGET and CCp4 were 
95.7% and 80.0%, respectively, as shown in Additional 
file 2.

Statistical analysis
The number of participants enrolled was estimated using 
the formula for prevalence studies [31] as follows: 
n =

Z
2
P (1− P)

d
2  , where n is the sample size, Z is the stand-

ard normal variate of 1.96 at a confidence level of 95%, 
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and d the precision of 0.05 precision. P is the previous 
malaria prevalence (10%) in Bagamoyo district at the 95% 
confidence interval. A minimum of 139 participants was 
required for the study.

The data were recorded in Excel (Microsoft, 2016) 
and analysed using Stata version 16 [32] and GraphPad 
Prism version 10 (GraphPad Software Inc., California, 
USA). Descriptive analyses were conducted on the demo-
graphic characteristics [age groups (5–12, 13–17, and 
18–45 years), sex (male and female), and location [mod-
erate (5 < 30% malaria infection prevalence) and high 
(> 30% malaria infection prevalence) transmission] of the 
participants detected by qPCR using proportions and 
their respective 95% confidence intervals (CIs).

The geometric mean (GM) of the gametocyte density 
and the weighted arithmetic mean of the gametocyte sex 
ratio estimated by dividing male gametocytes by total 
number of gametocytes are presented. A t-tests were per-
formed on the natural log of gametocyte density in rela-
tion to the demographic characteristics. Binary logistic 
regression was used to estimate the associations between 
the presence of gametocytes and the demographic char-
acteristics of the participants. Likelihood ratio tests were 
also performed to assess the influence of each of the vari-
ables in the multivariate model.

Results
Study participants
A total of 467 participants, including 41% children 
(5–12  years), 14% adolescents (13–17  years), and 45% 
adults (18–45 years), were recruited, as shown in Table 1. 
The median age (years) in each age group was 8, 14, and 
30, for children, adolescents, and adults, respectively. 
The proportion of female participants was 54%. From the 
overall 110 participants that tested positive for malaria 
parasite by qPCR, the prevalence in Bagamoyo township 
was 10%, Fukayosi was 14% and Yombo was 6%, and were 
all categorized as low malaria transmission, and those 
categorized as a high malaria transmission were Miono 
with 32% and Wami-Mkoko with 39% malaria infection 
prevalence. Participant recruitment among these villages 
varied slightly between low (44%) and high (56%) malaria 
transmission sites.

Asexual parasite prevalence RDT, microscopy, and qPCR 
methods
All three malaria diagnostic tools detected higher asex-
ual parasite positivity rates in children and adolescents, 
than in adults (Table 2). With respect to all groups com-
bined, qPCR detected the greatest number of infections 
(n = 110), with a mean asexual parasite density of 391.8 
copies/μL. Microscopy detected 73 infections, with a 
mean asexual parasite density of 1170 copies/μL. Only 

67 true asexual positives could be detected by the RDT. 
There were 10 false malaria-positive infections detected 
by RDT as shown in Fig. 2.

Using sensitive qPCR as the reference standard, the 
majority of the malaria-positive participants [93% 
(102/110)] were infected with P. falciparum, as detailed in 
Table 3. One participant had P. malariae infection only, 
and the remaining malaria positive participants (n = 7) 
had mixed infections of P. malariae and P. falciparum. 
The geometric mean asexual parasite density in the chil-
dren (746.1 copies/μL) was four-fold greater than that in 
the adolescents (192.6 copies/μL), and threefold greater 
than that in the adults (234.6 copies/μL). The asexual par-
asite positivity in male participants was higher compared 
to their female counterparts, but a similar mean asexual 
parasite density was observed in both sexes (Table 3).

Plasmodium falciparum gametocyte prevalence by qRT‒
PCR
The overall gametocyte prevalence according to qRT‒
PCR was 5.6% (26/467), and the overall gametocyte 
sex ratio (proportion of male gametocytes), was 0.18 
(Table  4). Approximately 24% (26/110) of the malaria-
positive participants had gametocytes. Gametocyte 
prevalence was lower among adults than other age 
groups, and higher among males than among their 
female counterparts, as well as among those living in 
high transmission areas compared to participants from 
low transmission areas (Table  4 and Fig.  3). However, 
the geometric mean (GM) gametocyte density was 
greater in adults (124.6 gametocytes/μL) than in chil-
dren (71.7) and adolescents (50.5). A similar pattern 
of greater GM density was also observed among those 
living in the high transmission location (126.0) than 
among those the low transmission areas (31.5). The 
gametocyte sex ratio in children and adult gametocyte 

Table 1  Demographic characteristics of study participants

Demographic variables (N = 467) n (%)

Age-group in years

 Children (5–12) 192 (41.1)

 Adolescent (13–17) 65 (13.9)

 Adult (18–45) 210 (45.0)

Sex

 Female 252 (54.0)

 Male 215 (46.0)

Study site

 Moderate Transmission (5 < 30% prevalence) 205 (43.9)

 High Transmission (> 30% prevalence) 262 (56.1)
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carriers was similar but greater than that was observed 
in adolescents as indicated in Table 4.

Approximately 35% (9/26) of gametocyte carriers 
identified by RT‒qPCR, were sub-microscopic and 
could not be detected by microscopy. Of the 9 sub-
microscopic gametocyte carriers, 3 were adults, 5 were 
children and one adolescent. Additional file 3 shows the 
results of malaria detection by RDT and microscopy.

Binary logistic regression was performed to assess 
whether age, sex or location influenced gametocy-
taemia, and the results indicated that there was no 
association between the gametocytaemia and age 
(P-value = 0.7107), which was consistent with the lack 
of a significant difference in the log of gametocyte 
density among the age groups (Table  4 and Fig.  3a). 

Although it was shown that gametocytes were more 
likely to be present among the male participants than 
among female participants [ORa: 2.79 (95% CI 1.19 – 
6.59) p = 0.019] (Table  4), the GM of gametocyte den-
sity did not significantly differ between male and female 
participants (Fig. 3b). The GM gametocyte density was 
significantly greater among the participants in the high 
transmission areas than those in low transmission areas 
(Fig.  3c), however, there was no significant difference 
between location and gametocyte prevalence (Table 5).

Discussion
A better understanding of the infectious reservoir of P. 
falciparum  will enhance the development and evalua-
tion of new tools that can interrupt malaria transmis-
sion. Here, the malaria parasite prevalence and density 
in school-age children, adolescents, and adults from the 
Bagamoyo district in Tanzania were determined. In 
line with common practices in many African countries, 
malaria rapid diagnostic tests (RDTs) and microscopy 
were utilized to detect malaria infections in this study. 
Additionally, sensitive qPCR assays were employed to 
ensure the detection of asymptomatic infections that may 
be missed by RDT and microscopy.

A large proportion of gametocyte carriers in this study 
were adults, indicating a shift in the age distribution of 
gametocyte carriage. This shift could be attributed to 
intensive efforts to reduce and prevent malaria in chil-
dren than in adults in recent years [23, 33].

As a tradition, men and young boys in this study 
area are more engaged in malaria-risk activities, such 
as fishing at night, animal grazing among others. This 
could explain why a higher gametocyte prevalence was 
observed in male participants compared with their 
female counterparts.

There have been previous reports of relatively high 
gametocyte prevalence detected by qPCR in school-age 
children in Bagamoyo district than what was observed 

Table 2  Asexual parasite prevalence across age groups by test methods: RDT, microscopy and qPCR

Testing method Children Adolescents Adults

n % (95% CI) n % (95% CI) n % (95% CI)

mRDT

 Asexual 41 21.4 (16.1–27.7) 17 26.2 (16.9–38.1) 19 9.0 (5.8–13.8)

LM

 Asexual 43 22.4 (17.0 – 28.9) 13 20.0 (12.0 – 31.5) 17 8.0 (5.1–12.6)

 Sexual 8 4.2 (2.1 – 8.1) 3 4.6 (1.5 – 13.4) 6 2.9 (1.3–6.2)

qPCR

 Asexual 52 27.1 (21.3 – 33.8) 19 29.2 (19.5 – 41.4) 39 18.6 (13.9–24.4)

 Sexual 13 6.8 (4.0 – 11.3) 4 6.2 (2.3 – 15.3) 9 4.3 (2.2–8.0)

Fig. 2  Concordance in malaria testing methods for positive samples 
(n = 110)
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in this study using qPCR; one study in Kiwangwa vil-
lage reported a gametocyte prevalence of 14% [34], and 
another study in Buma and Yombo reported a game-
tocyte prevalence of 18% [18]. Given the difference in 

study villages, a direct comparison between studies may 
not be appropriate. Nonetheless, the difference between 
the gametocyte prevalence in this study and previous 

Table 3  Malaria parasite positivity by qPCR in relation to participants’ demographic characteristics

N = 467 participants tested for malaria parasites

nt = total number of participants who tested positive for malaria

%t = nt/N*100

nf = number of Plasmodium falciparum infections

nm = number of Plasmodium malariae infections

nd = number of mixed infections with Plasmodium falciparum and Plasmodium malariae

%f = nf/nt*100

%m = nm/nt*100

%d = nd/nt*10

Demographics Asexual parasites (N = 467) Detected parasite species distribution

P. falciparum (Pf) P. malariae [45] Pf & Pm

nt %t (95% C I) G. Mean parasite density
(95% CI)

nf %e (95% C I) nm %m (95% C I) nd %h (95% C I)

Overall 110 23.6 (19.9–27.6) 391.8 (232.1–661.4) 102 92.7 (86.0 – 96.3) 01 0.9 (0.1 – 6.3) 07 6.4 (3.0 – 12.8)

Age-group

 Children 52 27.1 (21.3–33.8) 746.1 (330.9–1682.3) 48 92.3 (81.1 – 97.1) 01 1.9 (0.3 – 12.7) 03 5.8 (1.8 – 16.6)

 Adolescent 19 29.2 (19.5 – 41.4) 192.6 (79.1 – 469.2) 17 89.5 (65.9 – 97.4) 00 00 02 10.5 (2.6 – 34.1)

 Adult 39 18.6 (13.9 – 24.4) 234.6 (94.5 – 582.6) 37 94.9 (81.4 – 98.7) 00 00 02 5.1 (1.3 – 18.6)

Sex

 Female 52 20.6 (16.1 – 26.1) 386.8 (161.7 – 925.2) 47 90.4 (78.7 – 96.0) 01 1.9 (0.3 – 12.7) 04 7.7 (2.9 – 18.9)

 Male 58 27.0 (21.5 – 33.3) 396.3 (209.2 – 750.8) 55 94.8 (85.0 – 98.3) 00 00 03 5.2 (1.7 – 15.0)

Location (Transmission intensity)

 Low 20 9.8 (6.4 – 14.7) 1,534.1 (312.0 – 7,543.5) 20 100 0 0 0 0

 High 90 34.4 (28.8 – 40.3) 289.3 (170.2 – 491.8) 82 91.1 (83.1 – 95.5) 1 1.1 (0.2 – 7.6) 7 7.8 (4.7 – 15.5)

Table 4  Gametocyte positivity by RT-qPCR in relation to participants’ demographic characteristics

N = 467 participants tested for gametocytes

ng = number of participants who tested positive for gametocytes

%g = ng/N*100

sex ratio = number of male gametocytes/total gametocyte count

Demographics ng %g (95% CI) G. Mean gametocyte density 
(95% CI)

Weighted A. Mean 
gametocyte sex ratio 
(95% CI)

Overall 26 5.6 (3.8 – 8.1) 82.2 (44.6 –151.6) 0.18 (0.15 – 0.21)

Age-group

 Children 13 6.8 (4.0 – 11.3) 71.7 (30.8 – 167.0) 0.20 (0.15 – 0.25)

 Adolescent 04 6.2 (2.3 – 15.3) 50.5 (6.8 – 376.7) 0.08 (0 – 0.25)

 Adult 09 4.3 (2.2 – 8.0) 124.6 (31.0 – 500.9) 0.18 (0.14 – 0.22)

Sex

 Female 08 3.2 (1.6 – 6.2) 89.4 (23.9 – 334.1) 0.14 (0.09 – 0.19)

 Male 18 8.4 (5.3 – 12.9) 79.3 (37.0 – 169.6) 0.19 (0.15 – 0.24)

Location (transmission intensity)

 Low 08 3.9 (2.0 – 7.6) 31.5 (15.0 – 66.2) 0.20 (0.16 – 0.24)

 High 18 6.9 (4.4 – 10.7) 126.0 (58.2 – 273.0) 0.17 (0.13 – 0.22)
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reports could be reflective of heterogeneity in malaria 
transmission and carriage rates in the population.

It was observed that microscopy missed more than 
one-third (33.6%) of infections, whereas RDT missed 

nearly 40% of the qPCR-positive infections. These find-
ings corroborate previous studies in Tanzania [28], Nige-
ria [35], and Ghana [36], where significant proportions 
of qPCR-positive infections were missed by microscopy 

Fig. 3  The distribution of Ct-based estimated gametocyte densities Gametocyte density by participants’ age (a), sex (b) and location (c).

Table 5  Association of gametocyte carriage with age, sex, and study site

Sex, age group and location are included in the adjusted model
* Statistically significant

Unadjusted Adjusted LR test

OR (95% CI) P-value OR (95% CI) P-value P-value

Age-group

 Adult 1.00 1.00 0.7107

 Children 1.62 (0.68 – 3.88) 0.278 1.45 (0.59 – 3.55) 0.412

 Adolescent 1.46 (0.44 – 4.92) 0.537 1.19 (0.35 – 4.08) 0.779

Sex

 Female 1.00 1.00 0.0144*

 Male 2.79 (1.19 – 6.54) 0.019* 2.81 (1.19 – 6.65) 0.019

Location (by transmission intensity)

 Low 1.00 1.00 0.1994

 High 1.82 (0.77 – 4.27) 0.171 1.72 (0.73 – 4.17) 0.211
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and RDT. The missed infections recorded by micros-
copy and RDT in the current study could be attributed 
to submicroscopic parasites, which tend to persist for 
several months without any symptoms. Furthermore, 
the observed RDT false negatives may have been a result 
of  HRP-2  gene deletion, which is prevalent in Tanzania 
[37]. The missed infections are of great concern since 
failure to identify malaria carriers may lead to continued 
transmission and an increase in the malaria burden, par-
ticularly in low-transmission areas. The observed false 
positives by RDT may be a result of the persistence of the 
HRP2 antigen after successful anti-malarial treatment. 
HRP2 positivity is more common when treatment is done 
with artemisinin combination therapy and may last for 
2–20 days post-treatment [38].

Approximately 24% of malaria-positive participants in 
this study were found to harbour P. falciparum gameto-
cytes, underscoring the prevalence of these sexual-stage 
parasites in a predominantly asymptomatic population 
where malaria infections are often sub-microscopic [18, 
24, 34]. These results align with findings from several 
studies conducted in other malaria-endemic areas [39–
42], which have reported similar age distributions.

The overall gametocyte sex ratio in the current study is 
similar to what has been observed in other endemic areas 
[8]. The gametocyte sex ratio in adult gametocyte car-
riers in this study is an indication that adults could also 
be playing a significant role in malaria transmission. The 
gametocyte sex ratio, which is; the proportion of male 
gametocytes, is a useful predictor of the malaria infec-
tiousness of human host and their potential to transmit 
malaria parasites [43]. Although the likelihood of mos-
quito infection largely depends on gametocyte density, 
parasite fertilization in the mosquito requires sufficient 
numbers of male and female gametocytes to be present 
in the mosquito blood meal [44]. Quantifying both male 
and female gametocytes in human hosts allows a better 
prediction of infectiousness than measurement of the 
total gametocytes or the more abundant female gameto-
cytes [8].

The gametocytes in one third of the gametocyte car-
riers were sub microscopic, highlighting the need for 
molecular testing in malaria surveillance and evaluation 
of interventions [24, 39]. Light microscopy is the gold 
standard for parasite detection but the use of highly sen-
sitive molecular diagnostic tools is important in hetero-
geneous endemic settings, and where sub-microscopic 
infections are common. A recent study in Bagamoyo 
correlated gametocyte presence with infectiousness in 
mosquitoes, indicating that 95% of all oocyst-infected 
mosquitoes after direct membrane feeding assays were 
due to sub-microscopic malaria infections in school-age 
children [18].

The strength of this study lies in the fact that both asex-
ual and gametocyte positivity was measured in children, 
adolescents and adults. Previous studies conducted in 
Tanzania focused on either child below 10 years and/or 
adolescents, who were recruited from schools and health 
facilities [18, 34]. The assessment of asexual and gameto-
cyte prevalence provides an indication for the magnitude 
of the infection and the potential infective reservoir in 
the study area. This information is essential for effective 
malaria control in the study area and Tanzania at large. 
In addition, three testing methods were used for parasite 
detection in this study, which reaffirms the results.

However, this study encountered some limitations; 
despite recruiting more than the total number of par-
ticipants estimated by power calculation, the number of 
adolescents recruited was limited. In addition, partici-
pants were recruited from only five locations, which were 
easily accessible. This may have restricted the study area 
and sample size. Lastly, this study was unable to deter-
mine the infectiousness to mosquitoes across the differ-
ent age groups to ascertain actual infectiousness by age.

While further prospective studies are warranted to 
fully elucidate the age-specific contribution to mos-
quito infection, particularly given a higher gametocyte 
density observed in adults, these findings hold impor-
tant implications for community-level malaria control 
efforts. Notably, adults, like school-age children, con-
stitute a substantial proportion of gametocyte carriers 
in the study area, suggesting that interventions focused 
solely on children may not suffice to effectively interrupt 
malaria transmission.

Conclusion
Malaria prevalence was higher among children and ado-
lescents compared to adults but Plasmodium falciparum 
gametocytaemia appeared to be distributed evenly across 
different age groups. Hence, when developing and evalu-
ating transmission-blocking interventions, it is crucial to 
consider the demographic characteristics of the target 
population. Solely focusing on children may lead to resid-
ual malaria transmission and potential re-infection from 
other left-out age groups.
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