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Abstract 
Background: The prevalence of Plasmodium falciparum in community samples is one of the 
cornerstones for describing malaria transmission. Prevalence measurements greatly depend 
on the diagnostic techniques applied and can be biased and inaccurate when parasite 
densities are low since parasites often remain undetected by the routinely used diagnostic 
tool, light microscopy. Highly sensitive molecular tools can detect submicroscopic infections 
and can serve to evaluate the performance of diagnostic tools used in field surveys. The study 
investigated local differences in the prevalence of submicroscopic infections and gametocyte 
carriage at different sites of varying endemicity. It investigated age trends in submicroscopic 
carriage of both asexual parasites and gametocytes from Tanzanian communities. 
 Methods: A community survey involved 1820 individuals from four regions of varying 
endemicity. Finger prick blood was collected by light microscopy, mRDT, and 18S rRNA qPCR 
for parasite detection. Gametocytes were detected by both light microscopy and qRT-PCR 
targeting transcripts of the gametocyte-specific expressed marker pfs25. Submicroscopic 
infections were those positive by qPCR but not by light microscopy. 
 Results: P. falciparum prevalence by qPCR varied from 37% at the site of high endemicity to 
0.6% at the site of low endemicity. Of these, 52.7% (174/330) of qPCR-positive samples were 
submicroscopic infections. The submicroscopic carriage did not show a clear relationship with 
endemicity patterns and was 73% (11/15) in low, 63% (5/8), in moderate, and 51.1% (156/305) 
in high endemic sites. Molecular-determined gametocyte prevalence at each location closely 
followed the asexual parasite prevalence. But most (96%; 277/288) of gametocyte carriers 
were submicroscopic. 
 Conclusion: Molecular parasite detection revealed a high prevalence of submicroscopic 
carriage in Tanzania, particularly among adults. Submicroscopic infections were recorded in 
all endemic settings but were more prevalent in the high-endemic sites, where nearly half of 
the infections were not detected by routine light microscopy. Such data on submicroscopic 
parasitemia and gametocytemia from multiple sites within a country can help to better assess 
the human infective reservoir for onward transmission and the relative contribution of 
asymptomatic populations to the ongoing malaria transmission. 
Keywords: Malaria, submicroscopic malaria, gametocyte prevalence, endemicity, qPCR, 
microscopy 

 
 

 
* Corresponding author: Felista Walafried Mwingira:  
 
 

https://dx.doi.org/10.4314/thrb.v26i1.12


         Tanzania Journal of Health Research 

                         Volume 25:  Issue 1, January 2025                                                  https://dx.doi.org/10.4314/thrb.v26i1.12 

 

 

1681 

 

Introduction  
Measurement of malaria parasite prevalence rates in endemic communities is one of the most 
important metrics for describing levels of malaria endemicity. Prevalence rates complement 
entomological measures of transmission that are much more difficult to obtain, particularly in 
low-transmission settings. Monitoring changes in prevalence rates is useful for measuring the 
outcomes of malaria interventions and for informing control strategies.  

As a consequence of intensified malaria interventions, a decline in malaria prevalence 
has been observed in many areas, including highly endemic regions in sub-Saharan Africa (WHO, 
2023). The East African countries have also recorded a decline in malaria prevalence in recent 
years (Whittaker et al., 2021) Tanzania, in particular, has recorded a decline in the national 
average of malaria prevalence from 18% in 2008 to 7% in 2023 (MoH et al., 2018; MoH, 2023). 

A decline in malaria prevalence and thus, exposure to Plasmodium falciparum could 
affect parasite densities in the population and the sensitivity of the commonly used malaria 
diagnostic tools. In view of a worldwide malaria reduction, it is important to investigate the 
potential changes in the performance of light microscopy, the traditional malaria diagnostic tool, 
in various epidemiological settings. In particular, the use of molecular diagnosis has gained 
increasing importance in the current efforts to scale up malaria control and move towards 
malaria elimination owing to its higher sensitivity and reliability than the traditional malaria 
diagnostic tools (Britton et al., 2016; Hofmann et al., 2018; Lazrek et al., 2023; Oyegoke et al., 
2022; Shamseddin et al., 2022).  

Several molecular-epidemiological studies in Tanzania have reported a large proportion 
of submicroscopic infections in North-East Tanzania (Kaaya et al., 2022; Shekalaghe et al., 2007) 
the coastal area (Schindler et al., 2019) and the lake zone (Manjurano et al., 2011, 2023; Rapp et 
al., 2023). These are all underestimates of the actual prevalence of sub-microscopic carriage 
rates because many infections have densities that are too low even for reliable detection by PCR. 
This suggests that low parasite densities account for the low positivity rates by light microscopy 
in community samples, particularly from low transmission settings (Desmurget et al., 1998) Such 
a relationship would imply that light microscopy, the primarily used detection method, might 
provide insufficient sensitivity for malaria surveillance if the prevalence of malaria further 
declines in the future.  

For other Tanzanian regions, in particular, the prevalence of submicroscopic infections in 
moderate and high malaria transmission settings has not been investigated so far. The 
comparative analysis of four (4) Tanzanian regions of greatly differing malaria endemicity aimed 
at filling this gap. In parallel to investigating P. falciparum prevalence across Tanzania, the 
prevalence of gametocytes was also assessed by light microscopy and molecular assays. 
Gametocyte quantification is useful for describing the human infectious reservoir for 
mosquitoes.  

This multi-site study aimed to determine regional variations in the percentage of 
submicroscopic parasitemia and explore the efficacy of light microscopy in malaria surveillance 
across the entire gamut of local transmission intensities. This also provides a useful and more 
precise description of the malaria prevalence in the country. Determining the extent of 
submicroscopic parasitemia, particularly in areas of very low transmission and urban areas in 
Tanzania, aims to test the hypothesis that in such settings, most P. falciparum infections are 
detectable only by molecular methods. The secondary objective was to document the molecular 
gametocyte prevalence in the different transmission settings and to confirm their presence in 
samples of very low or urban transmission, despite their apparent absence by light microscopy.  
 
Methods and study design 
Study sites 
The study was conducted in four regions in Tanzania, which were classified as urban, low, 
medium and high endemic settings according to district prevalence data recorded by the 
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Tanzania HIV and Malaria indicator surveys of 2008 (MoH, 2008): Coastal Region (high), Tanga 
(moderate), Dar Es Salaam (urban Low), and Iringa (Low).  
 
Study design 
Cross-sectional surveys were conducted at all study sites between May and August 2013. 1820 
individuals aged (>6 months to 90 years) were enrolled. Demographic information was collected 
for all consented individuals. Similarly, finger prick blood was collected, and malaria screening 
was performed by Pan PLDH/Pf (HRP2) SD Bioline® Rapid Diagnostic Tests (mRDT). ACT was 
administered as prescribed on the spot to those who tested positive for malaria by RDT.  

In addition, thick blood smears were also prepared in order to diagnose malaria using light 
microscopy. For molecular analysis, about 100–150µL of whole blood from a finger prick was 
collected in EDTA tubes and kept at ambient temperature until later that same day, when 100µL 
of EDTA blood was transferred to microtubes containing 500µL of RNA Protect® reagent and 
mixed. All blood samples were stored at -20°C until further molecular analysis was performed in 
the molecular laboratory at the Swiss Tropical Public Health Institute in Basel, Switzerland. Ribo-
Nucleic Acid (RNA) and Deoxy-Nucleic Acid (DNA) were co-extracted in a 96-well plate format. 
Details of nucleic acid (RNA and DNA) extraction methods have been described previously in 
(Mwingira et al., 2014; Wampfler et al., 2013). The obtained nucleic acids were stored temporarily 
at 20°C storage prior to Polymerase Chain Reaction (PCR) analysis.  
 
Ethical clearance 
Approval for the cross-sectional study was obtained from the Institutional Review Board of the 
Ifakara Health Institute (IHI), Dar Es Salaam (No. 13-2013). Approval was also sought from the 
District Medical Officers and the local governing bodies of respective administrative wards, 
streets, and hamlet levels. Before blood sampling, informed written consent was obtained from 
all participants or parents/guardians of all children. 
 
Light microscopy  
Thick films were made from finger-prick blood, air-dried, and stained with 10% Giemsa in the IHI 
laboratory. Parasite densities were quantified by counting the number of asexual and 
gametocytes per 200 and 500 leukocytes, respectively. The results were converted to 
parasites/µL, assuming a total of 8000 WBC/µL blood.  
 
P. falciparum Asexual and gametocyte detection 
P. falciparum asexual stages were analyzed by a DNA-based Pf 18S rRNA qPCR assay as 
described elsewhere (Wampfler et al., 2013). P. falciparum gametocyte detection was performed 
on RNA from all samples irrespective of their DNA-based positivity but only after confirming the 
presence of parasite RNA in the sample. Transcripts of the gametocyte-specific expressed gene 
(pfs25 mRNA gene), were reverse transcribed and the resulting pfs25 cDNA was amplified by 
quantitative polymerase chain reaction (qPCR) in a single reaction (Wampfler et al., 
2013)Standard curves of assay-specific plasmids in triplicates were analyzed on each plate 
together with the test samples to convert Ct values into template copy numbers/µL blood.  
 
Data analysis 
Data were entered and analyzed by STATA® version 13, Texas USA. Descriptive statistics was used 
to present frequencies, percentages, and averages of the variables, tables, and graphs. 
Comparison of malaria prevalence rates by light microscopy, mRDT, and qPCR were determined 
and compared between the sites using chi-square. The age of participants was categorized into 
8 groups as follows: <1, 1-2, 3-4, 5-9, 10-19, 20-39,40-59, 60+ years. Samples with missing age 
data were excluded from the analysis. Submicroscopic parasitemia/gametocytaemia was 
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defined as samples that were parasite/gametocyte positive by molecular detection but not by 
light microscopy. 
Results 
Demographic information 
There were 1820 participants, of whom 58.1% (n = 1058) were female. The participants' ages 
ranged from 5 months to 91 years, with a mean age of 30.7 years (Table 1). The majority of 
participants were from the Coast region (44.84%; n = 816), while the fewest hailed from the Tanga 
region (12.91%; n = 232). 
 
Table 1: Demographic information for participants (N=1820) 

Variable Category n Frequency(%)  

Region 

Dar es Salaam 440 24.18  
Iringa 329 18.08  
Pwani 816 44.84  
Tanga 235 12.91  

Sex 
Female 1058 58.13  

Male 762 41.87  

Age (Years) 

0 to 5 295 16.21  

6 to 15 335 18.41  

16 to 25 221 12.14  

26 to 35 247 13.57  

36 to 45 237 13.02  

46 to 55 186 10.22  

55+ 299 16.43  
 
Malaria prevalence and asexual parasite density 
The overall Plasmodium falciparum malaria prevalence rates determined by two diagnostic tests 
were 18.1% (n = 330; CI = 16.3–19.9%) by qPCR and 11.8% (n = 216; CI = 10.3–13.3%) by light 
microscopy. The prevalence rates by qPCR varied substantially between geographic sites, 
ranging from approximately 37% in the Coast region to 0.6% in Iringa. Light microscopy. mirrored 
the molecular (qPCR) findings (Figure 1). The discrepancy between prevalence rates recorded by 
qPCR and light microscopy was largest in the Coast region (high malaria endemic), where about 
40% of total parasite infections were undetected by light microscopy. However, in Dar Es Salaam 
(Urban), where light microscopy recorded a prevalence of 6.6% (29/440), which was 2-fold higher 
than that by qPCR of 3.4% (15/440) (Figure 1; Supplementary Tab S1). The two diagnostic methods 
differed only marginally in prevalence rates recorded in Iringa (low endemicity) and Tanga 
(moderate endemicity). This implies that submicroscopic infections prevail at high endemic sites 
but are rare in low and moderate transmission sites, where light microscopy performed more or 
less similar to molecular assay. 
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Figure 1: Plasmodium falciparum malaria prevalence by light microscopy and qPCR diagnostic methods 
by region (* = LM = Light microscopy, qPCR = Quantitative PCR) 
 
To investigate whether higher asexual parasite densities in areas of low and moderate 
transmission could account for the good light microscopy diagnosis observed, we analyzed 
parasite counts by light microscopy. The geometric mean parasite density by light microscopy 
was 4407 parasites/µL blood (95% CI: 3131-6203 parasites/µL blood and 317 parasites/µL blood; 
95% CI: 269-374 parasites/µL blood) in the coastal region (high) and Dar (low) endemic sites, 
respectively (Figure 2). This implies a 14-fold difference in the mean asexual parasite density 
measured by light microscopy between the lowest and highest endemic sites. However, the 
numbers of P. falciparum positive samples in the low and moderate endemic settings were very 
low, so the estimates of the mean parasite load at these sites may not be robust enough to 
provide a conclusion. 
 

 
Figure 2: Correlation of P. falciparum asexual parasite load (expressed as Log10 18S rRNA copy 
numbers/µL blood) and gametocyte load by (expressed as Log10 pfs25 copy numbers/µL blood) 
in samples positive for both molecular assays.  
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Plasmodium falciparum gametocyte prevalence and density 
P. falciparum gametocytes (sexual parasites) were diagnosed in all samples by light microscopy 
and quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) analysis. The overall 
molecular gametocyte prevalence in samples from the four (4) sites was 15.8% (288/1820; 95% 
CI 14.1–17.5%). Specifically, 87.2% (288/330) and 0.82% (15/1820; 95% CI 0.47–1.2%). of P. 
falciparum-positive samples carried gametocytes by qRT-PCR and light microscopy, 
respectively. The molecular P. falciparum gametocyte prevalence ranged from <1% in Iringa and 
Dar Es Salaam to 43.6% in the Coast region (Supplementary Table S1). Generally, light 
microscopy identified only 5.2% (15/288) of all gametocyte carriers identified by qRT-PCR. The 
overall mean gametocyte density was 52 gametocytes/µL blood, ranging from 30-90 
gametocytes/µL blood by light microscopy. In the coastal region, the high endemic site displayed 
a geometric mean of 54 gametocytes/ µL blood, while only one positive sample in Dar, an urban 
low endemic site, had a geometric mean of 32 gametocytes/µL blood. A positive linear correlation 
(r2 = 0.47) was observed between the P. falciparum parasite load depicted by the log-transformed 
18S rRNA copies/µL blood and the gametocyte load in the same sample (Figure 2). 
 
Submicroscopic asexual and gametocyte malaria prevalence  
Overall, 52.7% (174/330) of samples positive for asexual P. falciparum were submicroscopic. At 
the site of lowest endemicity (Iringa), light microscopy did not detect any positive samples, 
whereas two (2) P. falciparum-positive samples were found by qPCR. The low numbers of positive 
samples preclude any conclusion on submicroscopic prevalence in the two low-endemicity 
sites. In contrast, high numbers (51.1%; 156/305) of asexual stage submicroscopic carriers were 
observed in the Coast region. Generally, a trend of increase in the proportion of asexual 
submicroscopic carriage with malaria endemicity was observed (Table 2).  
 
Table 2: Proportion of submicroscopic asexual parasite carriers in different malaria endemic regions of 
Tanzania (N=1820) 

Region 
Sample 
size 

qPCR positives 
 n (%) 

LM positives in qPCR 
positives x/n (%) 

Proportion 
submicroscopic 
carriers y/n (%) 

Prevalence of 
submicroscopic 
carriers (n/N) (%) 

Iringa 329  2 (0.6)   0 2/2 (100)1)    2/329* (n.a.) 
Dar  440 15 (3.4) 4/15 (26.7) 11/15 (73.3) 11/440 (2.5) 
Tanga 235 8 (3.4)  3/8 (37.5) 5/8 (62.5)   5/235 (2.1) 
Coast  816 305 (37.4) 149/305 (48.9) 156/305(51.1) 19/316 (19.1) 

n.a.Number too low to support any firm conclusion. 
 
Light microscopy-based gametocyte detection was 15-fold lower than molecular diagnosis in the 
high coastal region. Contrary, in the low and moderate malaria-endemic areas (Iringa, Dar es 
Salaam, and Tanga), light microscopy did not detect any gametocytes, while qRT-PCR detected 
gametocytes in all sites. Overall, 96% (277/288) of all P. falciparum gametocyte-positive samples 
were submicroscopic since they were detected by molecular methods only. Malaria endemicity 
did not affect the prevalence of submicroscopic gametocytemia in a major way (Table 3). 
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Table 3: Proportion of submicroscopic gametocyte  carriers in different endemic regions of Tanzania 
(N=1820) 

Region 
Sample 
size 

pfs25 
positive n 
(%) 

Microscopy 
positive in 
pfs25 
positive x/n 
(%) 

Proportion 
submicroscopic 
gametocyte 
carriers y/n (%) 

Submicroscopic 
gametocyte 
carriers  
 y/N (%) 

Iringa (Low) 329  1 (0.3)        0 1/1 (100) 1/239 (n.a) 

Dar ( Low and Urban) 440 3 (0.68)      0 3/3 (100) 3/440 (n.a) 

Tanga ( Moderate) 235 15 (6.4)       0 15/15 (100) 15/235 (6.4) 

Coast  (high) 816 269 (33.0)     11(4.1) 258/269 (95.9) 258/816 (31.6) 
n.a.) Number too low to support any firm conclusion 
 
Age trends in prevalence and submicroscopic carriage of P. falciparum parasites and 
gametocytes 
Molecular data from all sites were combined, to investigate age trends in parasite density, 
prevalence, and submicroscopic carriage. In age groups 1-2 years, 3–4 years, and 5–9 years, both 
high prevalence rates (Figure 3) and high densities were observed (Figure 4). The highest 
prevalence rate by qPCR peaked at 5–9 years. A similar observation was shown by light 
microscopy. Parasite density by light microscopy and PCR was highest at 3–4 years, followed 
closely by age groups (1-2 years and 5–9 years). A decline in both prevalence rates and parasite 
load by light microscopy and qPCR was observed in children older than 10 years and adults.  
 

 
Figure 3: Age trends in P. falciparum prevalence diagnosed by LM, RDT and qPCR for the 
combined data set from all study sites.   
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Figure 4: Mean microscopic asexual parasite density (parasites/µL blood) by age 
The prevalence of submicroscopic infections increased steadily over the younger age groups and 
peaked at 20–39 years, followed by a decline in the oldest age groups (Figure 5). Thus, the age 
trend in submicroscopic infections was non-monotonous, with a clear increase in the younger 
age groups. 
 

 
Figure 5: Percentage of submicroscopic parasite carriers (left) and percentage of submicroscopic 
gametocyte carriers (right) by age. 
 
Discussion 
Considerable variations in P. falciparum parasite and gametocyte prevalence rates across the 
regions with varying malaria endemicity were revealed. The strength of this study is the good 
comparability of the data generated at each site. Using generalized protocols, parasite detection 
by light microscopy, mRDT, and qPCR was performed on the entire data set by the same field and 
laboratory team. This approach minimizes technical variability and has major advantages over a 
comparison of data from unrelated studies performed with different techniques. The observed 
differences between the study sites could thus be attributed to micro-geographical factors, 
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particularly those that favour the development and survival of mosquito vectors (Challe et al., 
2024; Traoré et al., 2024). In Tanzania, for instance, highland areas, such as Iringa region, with low 
temperatures of about 15°C and an altitude >1600m, are known to have low or no malaria 
transmission (Mboera et al., 2008; MoH, 2023). Urban areas of Dar Es Salaam have much less 
malaria (MoH, 2023; Strøm et al., 2013), compared to the rural regions of Tanga (Hayuma et al., 
2021; Mmbando et al., 2010; MoH, 2023) and the Coast region (Khatib et al., 2012; MoH, 2023) 
that are well documented and known to be moderate to highly endemic (MoH, 2023; MoH et al., 
2018; Thawer et al., 2020). 

In the low and moderate malaria-endemic areas, the prevalence rates obtained by the 
three (3) independent diagnostic tools did not differ substantially. This implies that most 
infections were captured even by light microscopy and mRDTs. In contrast, the high endemicity 
site observed significant discrepancies between light microscopy and qPCR. This is because the 
highly sensitive detection limit of 0.34 parasites/µL by the 18S rRNA qPCR (Hofmann et al., 2015) 
significantly exceeds the limit of detection of light microscopy, which is around 50–100 
parasites/µL (Lazrek et al., 2023; Mwenda et al., 2021). Thus, the current study confirmed that 
molecular detection yielded the highest prevalence rates at all sites except Dar Es Salaam, where 
light microscopy recorded the highest malaria prevalence estimates. The 14/440 samples that 
were positive only by light microscopy could be attributed to technical problems at this site or to 
erroneous readings of thick smears. Under conditions of low endemicity, light microscopy 
sometimes creates false positives. High levels of false positives by light microscopy have been 
previously reported from other areas of low endemicity in Dar es Salaam (Kahama-Maro et al., 
2011; Strøm et al., 2013) and elsewhere (Fançony et al., 2013; Wongsrichanalai et al., 2007).  

This study confirms the predominance of submicroscopic P. falciparum infections in 
Tanzania, with more than half (52.7%) of all molecular-detected infections not detected by light 
microscopy. This is consistent with data from the Usambara , Korogwe, and Handeni in Tanga, 
the Kilimanjaro region, Mwanza and Coast region in Tanzania, where up to 50% of the total 
infections were submicroscopic (Hayuma et al., 2021; Kaaya et al., 2022; Manjurano et al., 2011, 
2023; Rapp et al., 2023; Shekalaghe et al., 2007). The results are also in line with an earlier meta-
analysis that indicated light microscopy detects, on average, only 50% of total infections 
determined by PCR (Okell et al., 2009). Submicroscopic infections in this study were more 
prevalent in older children and adults, peak prevalence at 20-39 years.  

A similar observation was reported from North-Eastern and Coastal Tanzania, where 
older children were up to 3-times more likely to carry submicroscopic infections compared to 
younger children (Manjurano et al., 2011; Sumari et al., 2017) Additionally, a meta analysis on by 
Eijk et al.,revealed that submicroscopic carriage peaked at ≥ 30 years among pregnant women in 
Africa (Eijk et al., 2023). Similarly, a meta-analysis by Okell et al.,showed that submicroscopic 
infections were common in adults, owing to the ability of acquired immunity to control parasite 
densities to levels under the detection limit of light microscopy (Desmurget et al., 1998; Okell et 
al., 2009)Contrary to this meta-analysis, the current study did not observe an increase of 
submicroscopic carriage with decreasing endemicity sites, and data on submicroscopic carriage 
did not show substantial differences between sites of different endemicities.   

The detection limit of light microscopy very often does not permit the diagnosis of low-
density infections. Thus estimates generated by it will depend significantly on the average 
parasite density of the population studied. The current study found no significant differences in 
parasite densities generated by light microscopy across the transmission settings. This indicates 
that parasite densities in high and low endemic settings might be well controlled by acquired 
immunity because of previous exposure to malaria parasites. Additionally, it has been argued that 
a recent decline in transmission in formerly highly endemic areas keep parasite densities low 
despite reduced transmission (Björkman & Morris, 2020; Desmurget et al., 1998; Drakeley et al., 
2018; Gatton & Cheng, 2010; Golassa et al., 2013; Lindblade et al., 2013; Nguyen et al., 2018; 
Sturrock et al., 2013). Similarly, a study in Tanzania indicates an inverse relation between parasite 
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densities and endemicity, suggesting that submicroscopic infections are highly likely to occur in 
high endemic areas where exposure to infection is more frequent and densities are low (Mosha 
et al., 2013). The latter and the current data are inconsistent with the analysis by Okell et al., 2012, 
which indicates that in low endemic settings with a P. falciparum prevalence of <10% the majority 
of infections (88%) should be submicroscopic, while in high endemic settings with a prevalence 
>75% the submicroscopic carriage was estimated to be as low as 25%. In the current study, there 
were very few positive malaria cases in low endemic sites (e.g., only 2 infections by qPCR at the 
lowest endemicity site). Thus, not sufficient data is generated to draw firm conclusions on the 
submicroscopic carriage.  

Additionally, errors in slide reading contributed to this effect. These limitations became 
clear given the few qPCR-positive samples even in low (positive samples: 2/329 and 15/440) and 
moderate (positive samples 8/235 and 56/316) transmission settings. The study observed high P. 
falciparum prevalence rates by both light microscopy and qPCR in young children, with a peak in 
children aged 5-9 years. This was expected as high incidence rates for clinical malaria and 
infections of high parasite densities mainly occur in children. Similar studies in Ghana and 
Tanzania have also recorded this age shift from under five to a peak in malaria prevalence at 5 - 9 
years (Abate et al., 2022; Drakeley et al., 2018; Kigozi et al., 2020; Lindblade et al., 2013; Lubinda 
et al., 2021; Mosha et al., 2013; Salgado et al., 2021). 

Another objective of this study was to investigate whether malaria endemicity affects the 
prevalence of submicroscopic gametocyte carriers. As expected, applying molecular tools for 
gametocyte detection was far better than light microscopy. The molecular assay detected 15.8% 
gametocyte carriers compared to <1% by light microscopy. Generally, 96% of all the gametocyte-
positive samples were submicroscopic. The occurrence of a high proportion of submicroscopic 
gametocytemia (95-100% at all sites), irrespective of endemicity, is of concern  since several 
studies involving mosquito-feeding experiments have indicated that hosts with submicroscopic 
gametocytaemia can transmit malaria (Churcher et al., 2013; Coalson et al., 2018; Coleman et 
al., 2004; Lin et al., 2014, 2016; Muirhead-Thomson, 1951; Schneider et al., 2006). 

Despite the great benefits of molecular tools for parasite detection, PCR will unlikely 
replace the two standard diagnostic tools in the field, light microscopy and mRDT, which will 
continue to be heavily used in resource-limited settings (Mwingira et al., 2014). However, PCR 
can play an essential role in assessing the quality of light microscopy. By routinely conducting 
PCR-based studies in parallel to light microscopy diagnosis in some malaria surveys, valuable 
estimates of this otherwise undetected parasite burden can be generated, and help make 
informed decisions on malaria elimination strategies. Therefore, with a country-wide cross-
sectional survey combined with PCR diagnosis, the current study could assess the light 
microscopy quality and unveil the magnitude of submicroscopic malaria infections for Tanzania's 
widely differing transmission intensities.  

The fact that some regions in East Africa (Whittaker et al., 2021) and particularly in 
Tanzania, have undergone an epidemiological shift towards lower malaria endemicity over the 
last decade (MoH, 2023; MoH et al., 2018) calls for continuous monitoring of the magnitude of 
submicroscopic carriage, especially among asymptomatic infections.  
  
Conclusion 
This study confirms a high prevalence of Plasmodium falciparum submicroscopic parasitemia 
and gametocytemia in Tanzania. The molecular parasite detection assays unveiled 52% of 
infections and 96% of gametocyte carriers that would have been missed if the survey had relied 
solely on light microscopy. Submicroscopic infections were observed in all endemic settings and 
did not show a specified trend with decreasing endemicity. These results can inform control 
strategies by drawing attention to asymptomatic individuals, mostly adults with primarily sub-
microscopic infections, whose contribution to onward transmission should not be ignored. Thus, 
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the qPCR-based point prevalence rates for areas of different endemicity contribute to a solid 
basis for planning and monitoring elimination efforts in Tanzania. 
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Supplementary Table 
Supplementary Table S1: Plasmodium falciparum asexual and gametocyte prevalence detected by LM, 
RDT and molecular assays by study site 

  Asexual Parasite Prevalence Gametocyte Prevalence 

Region Sample size LM positive (%)  qPCR Positive (%) LM Pfs25 RT-PCR 
Iringa 329 0(0.0) 2 (0.6) 0 (0.0) 1 (0.3) 
Dar 440 29 (6.6) 15 (3.4) 1 (0.23) 3 /(0.6) 
Tanga 235 5 (2.1) 8 (3.4) 0 (0.0) 15 (6.4) 
Coast  816 182(22.3) 305 (37.4) 14 (1.72) 269 (33.0) 
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