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Abstract: 14 

Malaria in pregnancy causes adverse consequences and prompt and accurate diagnosis is 15 

essential for case management. In malaria endemic countries, diagnosis is mainly based on rapid 16 

diagnostic tests (RDT) and microscopy. However, increasing reports of false negatives caused by 17 

low parasitemia and pfhrp2/3 deletions raise concerns about HRP2-based RDT usefulness. This 18 

study aimed to assess RDT and microscopy performance and to describe pfhrp2/3 deletions in a 19 

cohort of 418 pregnant women in Burkina Faso. Malaria was diagnosed using RDT and 20 

microscopy and blood samples were collected during antenatal care visits. Diagnostic results 21 

were compared to PCR as gold standard. Pfhrp2 and pfhrp3 deletions were characterized for 22 

patients with confirmed P. falciparum infection. RDT had better sensitivity (76%) but lower 23 

specificity (83%) than microscopy (sensitivity = 57%; specificity = 98%). Low parasitemia (< 150 24 

parasites/µL), especially in multigravidae, was the principal factor causing false negatives by 25 

both methods. Moreover, pfhrp2 deletion frequency among overall false negatives by RDT was 26 

2.6%. Higher frequency of deletions was found among all samples, independently of RDT result, 27 

for example around 2% of samples had double deletions meaning that the majority of deletions 28 

had no effect on RDT testing.  Finally, a relationship was found between pfhrp2 deletion and 29 

lower uterine height, marker of slow fetal growth, during the first trimester. Wider and National 30 

surveillance study of deletions is recommended among pregnant women and in Burkina Faso.   31 
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Introduction  33 

Malaria remains a global health issue with 247 million cases resulting in 619,000 deaths in 2021, 34 

95% of them in sub-Saharan Africa [1] . Pregnant women and children under five years old are 35 

considered as groups at risk. In 2021, about 32% (13.3 million) of pregnant women in the World 36 

Health Organization (WHO) African Region were exposed to malaria during pregnancy [1]. 37 

Malaria in pregnancy (MiP) can have adverse effects on both mothers and their offsprings, 38 

including maternal anemia, low birthweight, premature birth and neonatal mortality [2]. Intra 39 

uterine growth retardation (IUGR) is also a common consequence of malaria in pregnancy, due 40 

to placental insufficiency to provide nutrients to the fetus, and one of its clinical signs is lower 41 

uterine height, routinely measure in antenatal care revisions [3]. These adverse effects of 42 

malaria infections tend to be more severe in primigravidae, women experiencing their first 43 

pregnancy, compared to multigravidae due to lack of specific pregnancy-acquired immunity [4]. 44 

Pregnant women develop a specific immune response to VAR2CSA, a parasite antigen produced 45 

during placental sequestration of parasites [5]. In fact, in areas with stable transmission 46 

throughout the year, infected pregnant women are often asymptomatic due to this partial 47 

immunity [6]. However, the risk for severe anemia, impaired fetal growth or stillbirth are 48 

maintained as infected red blood cells can adhere to placental microvasculature reducing the 49 

foeto-maternal blood exchange [7].  50 

For the control of MiP, the WHO recommends prompt diagnosis followed by adequate case 51 

management, including effective treatment. Moreover, pregnant women are encouraged to 52 

follow preventive measures, including the use of long-lasting insecticide-treated nets (LLINs) and 53 

intermittent preventive treatment in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP) [8].  54 

Burkina Faso, a malaria endemic country, accounted for 3.3% of global malaria cases and 3.4% 55 

of malaria deaths in 2021 [1]. Malaria is still the main cause of consultations, hospitalizations 56 

and deaths in the country [9], and MiP remains high throughout the year, stressing that 57 

malaria control is a priority in the country [10].  58 

Prompt and accurate diagnosis is the cornerstone of malaria case management. Challenges of 59 

diagnosing malaria during pregnancy are related to specific acquired immunity, placental 60 

parasite sequestration and the low predictive value of the clinical signs and symptoms 61 

suggestive of malaria, especially in endemic areas, because of they are highly unspecific and 62 

could have different causes  [11,12]. Consequently, all malaria cases should be confirmed either 63 

by microscopy or rapid diagnostic tests (RDT), before any treatment [8]. Light microscopy is 64 

currently the gold standard for point – of – care diagnosis in endemic areas, but its performance 65 



relies on different factors such as skills of microscopists and quality of reagents and equipment 66 

[13]. Therefore, good-quality microscopy is particularly hard to maintain in remote areas. In 67 

contrast, RDT play an increasing role as point-of-care diagnostic tool, being the principal 68 

technique used in malaria screening in Africa [14]. Malaria RDTs present different advantages: 69 

they are easy to perform and provide rapid results without the need of electricity, expensive 70 

equipment or extensive training. RDTs have, therefore, great potential for rapid and accurate 71 

malaria diagnosis in most remote malaria-endemic areas. These tests are based on lateral flow 72 

immunochromatography detecting parasite proteins. Histidine-rich protein II (pfHRP2), coded 73 

by pfhrp2 gene, is the predominant specific Plasmodium falciparum protein used in pf-RDTs [15]. 74 

These RDTs could cross-react with the homologous protein pfHRP3, coded by pfhrp3 gene, this 75 

is more common at higher parasite densities. So, if only one of these genes is deleted the RDT 76 

could still be positive due to the detection of the other, especially in infections with high 77 

parasitemia.  78 

Despite the advantages of pfHRP2-based RDT, their usefulness could be threatened due to the 79 

appearance of false negatives leading to a lack or delay in treatment. The impact of false 80 

negatives is both clinical, as the patient will not receive treatment on time, and collective, as 81 

transmission continues. Causes for false negative results include poor storage conditions, 82 

interpreting errors, low parasite density, and deletions in the pfhrp2 and pfhrp3 genes [16].  83 

Pfhrp2 and pfhrp3 gene deletions are being reported worldwide [15]. Parasites with these 84 

deletions cannot express HRP2/3 proteins. Biological function of these proteins is not yet clear, 85 

nor the fitness cost of their deletions with contrary results being reported [17,18]. 86 

To timely assess the threat of false negative results obtained with HRP2-based RDTs, the WHO 87 

is recommending continuous monitoring of these deletions in endemic areas [19]. However, 88 

despite the increasing reports of HRP2 deletions in African countries, there is not any proper 89 

study, following WHO recommendations, in Burkina Faso. In fact, there was only one recent 90 

report of pfhrp2 and pfhrp3 deletions in Burkina Faso in asymptomatic children from the 91 

Southwest of the country [20], whereas WHO recommends to include general symptomatic 92 

population. 93 

Taken together, the current diagnostic issues, especially the occurrence of false negatives by 94 

RDT, make it essential to assess the challenges for the diagnosis of malaria in pregnancy. 95 

Therefore, this study aimed to assess the performance of microscopy and malaria RDTs among 96 

pregnant women in Nanoro district (Burkina Faso) and to describe the frequency, distribution, 97 

and possible effects of pfhrp2 and pfhrp3 deletions on malaria diagnosis in pregnant women.  98 



Methods  99 

Study area 100 

The study was carried out at the Clinical Research Unit of Nanoro (CRUN), located in the health 101 

district of Nanoro, Boulkiemdé province, a rural area placed in the central-western region of 102 

Burkina Faso, at 85 kilometers from the capital city, Ouagadougou. Population of Nanoro is 103 

growing rapidly, with a high birth rate of 5.56%, a big proportion of young people and literacy 104 

rate of around 23% [21,22]. 105 

Burkina Faso has three climate areas, where Sahel-Sudanian zone, including Boulkiemdé 106 

province, has been identified as a region with high risk of seasonal malaria, overlapping with the 107 

rainy season (July – October) [23]. Malaria transmission is high in Southwest Burkina Faso, with 108 

an entomological inoculation rate of 0.375 infected bites per human per night in 2017 [24].  109 

Sample collection  110 

The present study is an ancillary study of a project (PaMaViT) assessing the characteristics of 111 

pregnant women attending antenatal care for the first time. Briefly, all pregnant women 112 

attending antenatal care were asked to participate. After obtaining written informed consent, a 113 

structured questionnaire was used to collect socio-demographic information, clinical and 114 

obstetrical data. Malaria was diagnosed using RDT and microscopy. Additionally, dried blood 115 

spots (DBS) were collected for later molecular diagnosis confirmation and genotyping using 116 

Whatman 903™ paper grade 3 (GE Healthcare Bio-Sciences Corp.). A total of 418 samples were 117 

collected at four different peripheral health centers of the health district of Nanoro (Nanoro = 118 

96; Soaw = 84; Kindi = 148 and Pella = 90) from December 2020 to March 2021 (Figure 1). During 119 

these months,  samples were collected from all the patients that meet inclusion criteria and 120 

agree to  participate, and  differences in sample size among  locations respond to different 121 

affluence in each health center.   122 

 123 

Malaria Diagnosis: for prompt case management, all pregnant women were tested using an 124 

HRP2-based malaria RDT (CareStart™ Malaria, Access Bio; product code: RMOM-02571), while 125 

microscopy slides were transferred to the central laboratory of the CRUN for reading. All malaria 126 

slides were read and quantified according to the local laboratory procedures by two expert 127 

microscopists and a third reader was called in case of discrepancies.  128 

 129 

Molecular study 130 

1) Malaria diagnosis confirmation  131 



DNA was extracted from the DBS samples using the saponin-chelex method described in Ta-Tang 132 

et al., 2022 with the difference of using just one 5 mm diameter-filter paper disc [25]. All samples 133 

were analyzed using the nested multiplex PCR for the confirmation and differentiation of 134 

Plasmodium species [26,27]. The primers used were detailed in supplementary information 135 

(Table S1).  136 

 137 

2) Pfhrp2 and pfhrp3 deletion detection:  138 

Confirmed P. falciparum positive samples were then analyzed for pfhrp2 and pfhrp3. 139 

Amplification of exon 1-2 of both genes and exon 2 of pfhrp3 was performed using a semi-nested 140 

PCR and a conventional PCR for exon 2 of pfhrp2 [28–30]. PCR amplicons were separated and 141 

visualized on a 2% agarose gel stained with Pronasafe (Condalab, Spain). In the absence of 142 

amplification for exon 2, results were recorded as potential deletions and the PCR was repeated 143 

twice under the same conditions. If amplification never occurred, the sample was quantified by 144 

qPCR [26] to ensure enough quality in the sample. If the qPCR was positive, the result was 145 

considered as a deletion event. The 3D7 clone of P. falciparum was used as a positive control, as 146 

it has intact pfhrp2 and pfhrp3 genes; clone Dd2 as a negative control for the pfhrp2 gene 147 

amplification since it does not have this gene; and clone HB3 was used as a negative control for 148 

the pfhrp3 gene amplification. 149 

Moreover, other two single-copy genes (pfdhfr and pfdhps) were amplified in all samples to 150 

ensure enough parasitemia.  151 

 152 

Data analysis and definitions 153 

All data were managed using Excel before exporting to R software v4.0.0 for statistical analysis.  154 

The specificity, sensitivity, and positive and negative predictive values of microscopy and RDT 155 

were calculated considering PCR as gold standard and considering a malaria prevalence 156 

determined from the  samples used in this study. Cohen’s Kappa index was also calculated to 157 

assess the agreement between each of these tests and PCR diagnosis. Deletion frequency was 158 

calculated by dividing confirmed deletions by all PCR- confirmed P. falciparum positive samples 159 

included for analysis. Participants were categorized as primigravidae for their first pregnancy; 160 

and multigravidae if they had more than one pregnancy. 161 

Three–way ANOVA test was used to study the association between uterine height and pfhrp2 162 

deletion using categorized data according to trimester of pregnancy and gestity, referring to 163 

number of pregnancies. 164 



Chi-square test was applied to assess the association between gestity and malaria infection or 165 

pfhrp2 gene deletion. All analyses used a 95% confidence level, calculated using exact method 166 

for prevalences, and a p-value < 0.05 for statistical significance. 167 

 168 

Results  169 

Malaria prevalence 170 

According to the molecular species identification, two plasmodium species were identified 171 

among the 418 samples with 199 P. falciparum, 2 P. vivax and one mixed infection (P. vivax + P. 172 

falciparum). 215 samples were negative for Plasmodium and one sample were excluded due to 173 

poor conservation.  174 

The prevalence of malaria infection using PCR as reference method was 48.4% (43.6 – 53.4) and 175 

P. falciparum malaria infection was 48.0% (43.1 – 52.9). P. falciparum infection prevalence 176 

varied according to gestational age and gestity.  177 

P. falciparum malaria prevalence among primigravidae was higher (58.7%) compared to 178 

multigravidae (34.6%) (p < 0.001) (Supplementary material: Table S2). Also, there were more P. 179 

falciparum infections in the second and third trimesters (around 50%) compared to the first 180 

trimester (34.67%) (p < 0.005) (Figure 2) (Table S2).  181 

 182 

 183 

 184 

 185 

Figure 1. Map of study areas. The four areas colored in purple were those included in the study.   186 

 187 



   188 

 189 

Figure 2. Prevalence of malaria infection according to the trimester of pregnancy and number of 190 

pregnancies. Y axis represents malaria prevalence and X axis the pregnancy trimester. The 191 

different colors represent the contribution of each gestation group and strip pattern the malaria 192 

diagnosis. 193 

 194 

Performance of microscopy and malaria RDTs using PCR as gold standard 195 

Assessing the performance of the diagnostic methods, we observed a higher specificity of 98.1% 196 

(95.8 – 99.4) and positive predictive value (96.5) for microscopy, but a higher sensitivity of 76.0% 197 

(70.5 – 80.9) for RDT (Table 1). The agreement between microscopy and RDT using PCR as a gold 198 

standard was moderate with a Cohen’s Kappa coefficient of 0.55 and 0.59, respectively.  199 

 200 

Table 1. Sensitivity, specificity and positive/ negative predictive values for microscopy and RDT 201 

using PCR as gold standard.  202 

 Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Microscopy 56.5 (50.4 – 62.4) 98.1 (95.8 – 99.4)  96.5 (92.4 – 98.4)  71.1 (68.3 – 73.8) 

RDT 76.0 (70.5 – 80.9) 83.3 (78.5 – 87.3) 80.6 (76.2 – 84.3)  79.1 (75.4 – 82.4) 

PPV= positive predictive values; NPV= negative predictive values. 203 

 204 

Slightly better agreement of results with PCR was observed for primigravidae in both diagnostic 205 

tests (Figure 3). The better agreement of positive results with RDTs, could be related to the 206 

observed higher parasite densities in primigravidae than in multigravidae (Figure 4). 207 



 208 

 209 

Figure 3. Venn diagrams of the distribution of positive P. falciparum results according to the 210 

diagnostic test used for all samples (a), among primigravidae (b) and among  multigravidae (c). 211 

 212 

 213 

 214 

 215 

Figure 4. Parasite density by microscopy according to the pregnancy trimester and gestity (multi: 216 

multigravidae, and primi: primigravidae).  217 

When considering only discordant microscopy - RDT results, 19 samples were negative by RDT 218 

but positive by microscopy, among them 18 were confirmed as P. falciparum by PCR. The 219 

prevalence of suspected false - negative HRP2 RDT (n = 19) among the confirmed positives by 220 

microscopy (N = 117) was 16.24% (10.07 – 24.19) (19/117).  221 



 222 

Deletions in pfhrp2 and pfhrp3 genes 223 

The deletion frequency of pfhrp2 genes in all positive P. falciparum samples (200) was 12.50% 224 

(8.26 - 17.90) (25/200), independently of the previous RDT result. However, the majority of 225 

samples with deletion in pfhrp2 had low parasitaemia, only three were above 150 parasites/uL, 226 

which is considered below the limit of detection for RDTs [31], and 15 were under 150 227 

parasites/uL. Single-pfhrp2 deletions were the most common deletions in all villages (Table 2). 228 

There were 15 samples with deletion in pfhrp3 and 4 samples with pfhrp2 & pfhrp3 double 229 

deletion (Table 2). 230 

To study the possible impact of deletions in RDT as point of care diagnosis, the frequency of 231 

deletion was calculated among confirmed P. falciparum infections with discordant results, 232 

positives by microscopy but negatives by HRP2-RDT (n = 114). The frequency of false negatives 233 

by HRP2-RDT with deletion in pfhrp2 was 2.63% (0.55 – 7.50) (3/114) and with pfhrp3 deleted 234 

was 2.63% (0.55 – 7.50) (3/114).There was one HRP2-RDT false negative sample with double 235 

deletion (0.88%; 0.02 – 4.8) (Figure 5).  236 

All three samples with deletions in pfhrp2 and false negatives by RDT (2 from Nanoro and 1 from 237 

Soaw) had a parasite density under 150 parasites /uL concordant with the limit of detection for 238 

the majority of RDTs. The two samples with single deletions in pfhrp3 and negative RDT result 239 

were from Nanoro and from Pella, and they had parasite densities under 100 parasites /uL (66, 240 

39 & 10 parasites/uL).  241 

Combining the results from the suspected RDT false negatives (n = 18) and confirmed deletions 242 

(n= 3), the positive predictive value of false-negative HRP2-RDT results for pfhrp2/3 gene 243 

deletions in Burkina Faso was 16.67% (3.58 – 41.42). 244 

Comparing deletions associated with false negatives in RDT with samples with deletions but RDT 245 

positive result, only 11% of samples with pfhrp2 deletions had a false negative RDT (Figure 5). 246 

Similar geographical distribution of deletions among both RDT positives and RDT false negatives 247 

has been observed; for example, Nanoro was the health facility with higher frequency of pfhrp2 248 

deletions independently of RDT result.   249 

Table 2. Combination of pfhpr2 and pfhrp3 deletions by location.  250 

Location Single - Pfhrp2 deletion Single - Pfhrp3 

deletion 

Double deletion Wild – haplotype (no 

deletions) 



 N F (95% CI) N F (95% CI) N F (95% CI) N F (95% CI) 

Total  21 10.5 (6.6 – 15.6) 11 5.5 (2.9 – 9.6) 4 2 (0.6 – 5.0) 164 82.0 (75.9 – 87.1) 

Kindi 2 3.0 (0.4 – 10.4) 1 1.5 (0.0 – 8.0) 0 0.0 64 95.5 (87.5 – 99.1) 

Nanoro 11 30.6 (16.4 – 48.1) 5 13.9 (4.7 – 29.5) 2 5.6 (0.7 – 18.7) 28 77.8 (60.9 – 89.9) 

Pella 4 11.1 (3.1 – 26.1) 4 11.1 (3.1 – 26.1) 1 2.8 (0.1 – 14.5) 27 75 (57.8 – 87.9) 

Soaw 4 7.8 (2.2 – 18.9) 1 2.0 (0.1 – 10.5) 1 2.0 (0.1 – 10.5) 45 88.2 (76.1 – 95.6) 

F = frequency 251 

 252 

 253 

Figure 5. Frequency of deletions including discordant results by region (Order from out to inside: 254 

Kindi, Soaw, Pella and Nanoro). Frequency of samples with single deletions in pfhrp2 (orange) 255 

or pfhrp3 (blue), double deletions (dark red) and no deletions (green) differing between RDT 256 

positive (solid filling) and RDT negative samples (stripped filling) are shown.  257 

 258 

Association between pfhrp2 deletions, pregnancy characteristics and malaria symptoms 259 

Lower uterine height was observed in pregnant women infected with pfhrp2 deleted - P. 260 

falciparum in the first trimester, considering both all women (Figure 6a) and after adjusted for 261 

primigravidae and multigravidae (Figure 6b). But there were no differences in uterine height 262 

between malaria infected women with pfhrp2 present and non-infected women (Figure 6). 263 

However, because of the low sample size the association between lower uterine height and 264 

pfhrp2 deletion could not be demonstrated (Supplementary material Table S3).    265 

pfhrp2 RDTneg-pfhrp2 pfhrp3 RDTneg-pfhrp3

double RDTneg-double WT RDTneg-WT



Overall, multigravidae women showed higher frequency of pfhrp2 deletions (16.15%, 10.28 – 266 

23.63) than primigravidae women (5.71%, 1.58 – 13.99) (Table 3). However, this difference is 267 

only statistically significant in the second trimester of pregnancy. Five women presented fever 268 

and none of them had pfhrp2 and pfhrp3 deletions.  269 

 270 

 271 

 272 

Figure 6. Relation between uterine height and pfhrp2 deletions by trimester of pregnancy (a) 273 

and by number of pregnancies and trimester of pregnancy (b). Multi: multigravidae; Primi: 274 

primigravidae. Numbers over each box represent sample size in that group.  275 

Table 3. Frequency of deletions according to trimester of pregnancy and number of pregnancies 276 

 
Total N. 

Malaria 
pfhrp2 - deletions pfhrp3 - 

deletions 

N Frequency 
(%) 

N Frequency 
(%) 

Trimester of pregnancy 

1st trimester 75 26 3 11.54 1 3.85 

2nd trimester 312 132 22 16.67 14 10.61 

3rd trimester 28 12 0 
 

0 
 

Number of pregnancies 

Primigravidae 109 64 4 6.25 6 9,38 

Multigravidae 306 106 21 19.81 9 8,49 

 277 

 278 

Discussion 279 



Performance of malaria diagnostic tools, microscopy and RDTs, among pregnant women in 280 

endemic settings was evaluated using PCR as gold standard. RDT and microscopy showed 281 

moderate agreement when using PCR as gold standard for pregnant women. Microscopy had 282 

higher specificity whereas RDT had higher sensitivity. Furthermore, pfhrp2 and pfhrp3 deletions 283 

were described in pregnant women in Burkina Faso for the first time. 284 

Prompt and accurate malaria diagnosis in pregnant women is an essential step to avoid adverse 285 

events for mother and fetus [32]. Following “test – and – treat” strategies, all malaria cases 286 

should be confirmed by RDT or microscopy before any treatment. While this strategy prevents 287 

the overuse of Artemisinin based Combination Therapy (ACTs) and thus the spread of resistance, 288 

false negative test results will lead to a lack or delay of treatment. So high accuracy of diagnosis 289 

is the first step for malaria case management. Moreover, in the context of this study, positive 290 

malaria diagnosis will determine if the pregnant woman need ACT to threat the malaria 291 

infection, but if there was a false negative the women will receive SP instead of malaria 292 

treatment. If the infection is not timely treated, this could have fatal consequences not only for 293 

her and her pregnancy but will also likely facilitate the spread of SP resistances.    294 

RDT showed better sensitivity than microscopy for pregnant women, that agrees with previous 295 

reports in asymptomatic pregnant women [11]. The low sensitivity of microscopy could be 296 

related to the high expertise requirements to ensure microscopic diagnosis, especially for 297 

infections with low parasitemia [33,34]. So, although pfhrp2 deletions are detected in Nanoro, 298 

RDT will still detect more true malaria cases than microscopy. RDT specificity could decrease 299 

because false positives are usually consequence of slow PfHRP2 clearance [35]. Taking into 300 

account the easier management of RDT compared with microscopy and their high agreement, 301 

RDT could be a great point-of-care diagnosis for pregnant women in Nanoro. Interestingly, the 302 

accuracy of microscopy for asymptomatic pregnant women in Nanoro was maintained but 303 

accuracy of HRP2-RDT have decreased since the last report in 2011 (sensitivity = 97%; specificity 304 

= 65.7%) although principal malaria transmission characteristics were also maintained [36]. 305 

Malaria RDT results can be influenced by several factors, including the persistence of the HRP2 306 

antigens, which could cause false positives, or other factors such as low parasitemia and 307 

pfhrp2/3 deletions that could cause false negatives. It would  be highly interesting to understand 308 

why there were parasites with double deletions and positives by RDT, one possible explanation 309 

is the persistence of  these proteins from past infections [37].  310 

This study reported that the majority of false negatives by RDT had parasitemia under 150 311 

parasites/uL,  the limit of detection of conventional RDT [38]. So, this low parasitemia may be 312 



the principal cause of false negatives by RDT, especially in the cases of pfhrp2 intact 313 

independently of pfhrp3 status. Low parasitemia is specially relevant for malaria diagnosis 314 

during pregnancy, as specific pregnancy-acquired immunity usually leads to a lower parasite 315 

density, especially in high – to moderate burden settings [39]. Multigravidae usually show a 316 

higher level of acquired immunity than primigravidae, who usually have higher parasite 317 

densities, which explains the better accuracy in diagnosis for primigravidae. However, apart 318 

from acquired immunity there were other non-immune factors that influence parasite densities 319 

and, consequently, the diagnosis but they are not assessed in this study [7].  320 

Different efforts are being implemented to improve the sensitivity of current RDT, such as the 321 

development of new ultrasensitive RDT. In fact, in Nanoro region it has been planned to move 322 

from conventional RDT to ultrasensitive RDT [40]. However, these new ultrasensitive RDTs based 323 

on pfHRP2 and pfHRP3 are also threatened by these gene deletions. This should be considered 324 

in the design of public health strategies.  325 

Our study reports the presence of pfhrp2 and pfhrp3 deletions for the first time in pregnant 326 

women in Burkina Faso. It is worth to study further if pregnant women could be used as a 327 

representative group due to their better accessibility [7].  However, there was only one previous 328 

report on pfhrp2 and pfhrp3 deletions in Burkina Faso (4.4%). But it was carried out in another 329 

area and in asymptomatic children, therefore deletions frequency cannot be compared [20].  330 

Detected frequency of pfhrp2 deletions was higher than previous reports in other West African 331 

countries, such as Gabon and Nigeria, where reported frequency was under 5% [41]. However, 332 

the frequency of deletions among false negative RDT was lower (2.6%) than reports in other 333 

West African countries, such as Mali [42] and Ghana [43], where deletions frequency causing 334 

false negative results was over 40%. Those differences could be due to different epidemiological 335 

setting including use of HRP2 – RDT, or other factors such as malaria transmission prevalence.  336 

Thus, high multiplicity of infection (MOI), common in high malaria transmission areas as Burkina 337 

Faso, has been related to lower detection likelihood [44,45]. Hence, multiplicity of infection 338 

could be influencing the results as, according to previous studies, pregnancy is related with 339 

higher MOI, then we may expect more frequency of deletions in general population [46,47]. It 340 

is important to highlight that frequency of pfhrp2 deletions among discordant results between 341 

RDT and microscopy was low but continuous monitoring of pfhrp2 and pfhrp3 deletions in large-342 

scale national surveillance studies following WHO guidelines is highly recommended [19].  343 

In this study, pfhrp2 deletions were more common than pfhrp3 deletions, and only 4 samples 344 

had both deletions. This could explain the reported high frequency of RDT positives with pfhrp2 345 



single deletions, because pfhrp3 could be cross-reacting with HRP2 – RDT and compensating the 346 

lack of pfhrp2 [48]. As parasitemia level could be influencing this cross-reaction, it is important 347 

to highlight that the majority of these samples, with positive RDT and pfhrp3 intact but pfhrp2 348 

deleted, had parasitemia over 200 parasites/uL.   349 

Finally, to our knowledge this is the first study of pfhrp2 deletions in infected pregnant women. 350 

Although PfHRP2 function is still unknown, it has been described as potential mediator in 351 

placental sequestration as it is expressed in P. falciparum-infected erythrocytes [49]. More 352 

severe outcomes are expected if more parasites are sequestered, so lack  of PfHRP2 could be 353 

expected with less parasite sequestration [49]. Contrastingly, our study found relation between 354 

low uterine height during the first trimester of pregnancy and pfhrp2 deletions. This could be 355 

explained by the absence of PfHRP2, as other surface proteins, difficulties host immune 356 

response, increasing sequestration. Also, this hypothesis of less detectable parasites is 357 

apparently independent of acquired immunity, as the association was maintained for 358 

primigravidae and multigravidae [50]. Moreover, the effect is only observed in the first trimester 359 

of pregnancy, where patients’ characteristics may have more impact on uterine height, but 360 

infection could also influence fetus development. However, due to low number of samples and 361 

lack of follow up to associate it with low birth weight, it is unclear if the association is reliable or 362 

a consequence of other variables. To date, biological function of HRP2 is still unclear, so more 363 

research is needed to clarify any additional clinical implication of this deletion for pregnant 364 

women. 365 

This study presents several limitations, first of all the results cannot be extrapolated nationwide 366 

as it represents only a region in a specific province. Also, the study only includes pregnant 367 

women and, although it has been demonstrated that pregnant women can be used as a 368 

representative subpopulation [7], studies in the general population are recommended to 369 

confirm the findings.  370 

Conclusion  371 

Low parasitemia is the main challenge for diagnostic accuracy by RDT and microscopy. RDT had 372 

higher sensitivity and microscopy higher specificity, being the combination of both the best 373 

option for ensuring diagnosis accuracy. Presence of pfhrp2 and pfhrp3 deletions has been 374 

confirmed in pregnant women in Burkina Faso, but their impact in RDT results is still limited. 375 

HRP2-based RDT are still effective in diagnosing malaria infection in Nanoro region, Burkina 376 

Faso. Pfhrp2 deletions could have some clinical impact on intrauterine growth. Pfhrp2 and 377 



pfhrp3 deletions monitoring studies are recommended in order to timely assess the threats for 378 

efficacy of HRP2 - RDT. 379 
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