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Abstract

:

This study aimed to evaluate the accuracy of the thick blood smear (TBS) versus quantitative polymerase chain reaction (qPCR) for the diagnosis of malaria associated with pregnancy (MAP) caused by P. falciparum or P. vivax in Colombia in its gestational malaria (GM), placental malaria (PM), and congenital malaria (CM) forms as well as to compare its accuracy in different subgroups of pregnant women according to the presence of fever, anemia and a history of malaria. This was a diagnostic evaluation of 829 pregnant women, 579 placentas, 381 umbilical cord samples, and 221 neonatal peripheral blood samples. Accuracy was evaluated based on the parameters of sensitivity, specificity, predictive values, likelihood ratios, and validity index, with their 95% confidence intervals. The frequency of GM was 36% (n = 297/829), PM 27% (n = 159/579), and CM 16.5% (n = 63/381) in umbilical cord samples and 2% (n = 5/221) in neonatal peripheral blood samples. For GM, the sensitivity was 55%, with higher rates in those infected with P. vivax (68%), with a history of malaria (69%), and with fever (96%). These three subgroups presented the best results in terms of the negative likelihood ratio and validity index. For PM, sensitivity was 8%; in subgroup analyses in terms of species, symptomatology (anemia and fever), and history of malaria, it was 1–18%, and the negative likelihood ratio was >0.80 in all subgroups. No false positives were recorded in any of the subgroups. The TBS did not detect any cases of CM. This study found the TBS yielded satisfactory results in terms of diagnosing GM for P. vivax, pregnant women with previous malaria and febrile. It also showed that the TBS is not useful for diagnosing PM and CM. It is necessary to conduct surveillance of MAP with molecular methods in in groups where TBS is deficient (asymptomatic GM, P. falciparum, and pregnant women without history of malaria) to optimize the timely treatment of PM and CM, avoid the deleterious effects of MAP and achieve the malaria elimination goals in Colombia.
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1. Introduction


The World Health Organization (WHO) reported 247 million new cases of malaria in 2021 and 619,000 deaths [1]. Although this report does not include malaria associated with pregnancy (MAP), other publications estimate a high number of pregnant women exposed [2,3]. In Colombia, the population of pregnant women exposed to malaria is estimated to be 59,962 in 2022 [4].



MAP includes gestational malaria (GM) or Plasmodium spp. infection in maternal peripheral blood, placental malaria (PM) or the presence of the parasite or hemozoin in placental tissue, and congenital malaria (CM) in which the parasite is found in the newborn’s umbilical cord blood or peripheral blood discarding vector bite [5,6,7]. In Colombia, the coexistence of GM and PM is common, but not with CM [8].



According to the Centers for Disease Control and Prevention from United States of America, Plasmodium falciparum MAP in areas with high transmission produces an immune profile that prevents severe cases and generates high frequency of asymptomatic malaria, but it also causes P. falciparum cytoadhering to the placenta, thereby increasing the risk of PM and CM [9]. Women do not develop immunity to malaria in areas with low transmission, thereby increasing their risk of Plasmodium spp. infection and its clinical outcomes [2,9]. Less is known about P. vivax MAP but its risk of PM and CM is high. In Colombia, both species cause PM with similar lesions, histological changes and physiological mediators [10].



WHO experts on MAP indicates that pregnancy reduces immunity, with the following consequences: increased susceptibility to infection, risk of severe disease, likelihood of severe anemia and maternal death, risk of miscarriage, stillbirth, preterm delivery, low birth weight, and infant death [3].



WHO recommendations for MAP prevention are mainly focused on Africa through intermittent preventive treatment with sulfadoxyne-pyrimethamine. In other regions, MAP control is based on case management and the passive detection [3]. Therefore, WHO guidelines only recommend parasitological diagnosis for symptomatic individuals using light microscopy or rapid diagnostic tests in order to optimize the economic use of diagnostic resources [1,11].



In Colombia, there are few clinical–epidemiological studies on MAP [12]. A meta-analysis reported a prevalence of 16.7% (95% confidence interval [CI], 9.0–28.8) for GM, 11.0% (95% CI, 4.1–26.3) PM, and 16.2% (95% CI, 8.2–29.5) CM [13]. Another study found 35.8% GM, associated with maternal anemia, CM, and lower birth weight [14]. A study reported PM 27.7%, associated with CM, lower neonatal weight, and maternal anemia [15]. In 567 newborns, CM was 12.2%, associated with a lower birth weight [16].



Despite the high magnitude and serious consequences of MAP, Colombia lacks specific control strategies and only has a clinical practice guideline (CPG) for the diagnosis and treatment of malaria, which highlights the importance of early diagnosis for the control, elimination and preventing complications. It also explains the diagnosis is based on thick blood smears (TBS) and rapid diagnostic tests for patients who are symptomatic to avoid health costs [17].



Despite the indications of Colombian CPG, the Colombian National Institute of Health (NIH) recommends that pregnant women in endemic areas undergo TBS testing during their antenatal check-ups every trimester, even if they are asymptomatic. NIH emphasizes the importance of case finding based on both clinical (symptomatology) and epidemiological (based on exposure in an endemic area or contact with a case) criteria [18]. TBS is the reference method for malaria diagnosis in Colombia. It is a simple, low-cost test that allows species identification, parasite stage differentiation, parasitemia level determination, and treatment response monitoring; but it requires trained personnel and has limitations in the diagnosis of low parasitemia and mixed malaria. Its detection limit is 10–30 parasites/µL of blood. Another factor affecting the diagnostic performance of TBS is the pyrogenic threshold (minimal parasitemia necessary to produce fever), which is usually lower in patients lacking prior immunity [19].



The focus of malaria control on microscopic diagnosis is critical for MAP because there is a high frequency of asymptomatic and submicroscopic cases (negative by the TBS and positive by polymerase chain reaction [PCR]) in GM, PM, and CM [13]; they are not receiving treatment, thus increasing the risk of clinical outcomes of MAP and making endemic control and the prevention of Plasmodium spp. transmission impossible [20,21,22,23,24,25,26].



In addition, there are few studies on the diagnostic accuracy of the TBS for MAP. Some studies on asymptomatic pregnant women found low and poor sensitivity (32.3% 95% CI, 20.9–45.3) [27], in others was moderate (63.7% 95% CI, 56.1–70.9) [28]; and there are reports of sensitivity high in febrile pregnant women (94.4%, 95% CI, 72.7–99.9) [29]. In other contexts, satisfactory accuracy parameters have been reported for P. falciparum PM even in low (less than 1000 parasites/µL) and moderate (1000–10,000 parasites/µL) parasitemia, with sensitivity ranging between 76% and 78% [30].



Despite the TBS’s low sensitivity for MAP, it remains as the gold standard in Colombia because of the factual impossibility of implementing molecular diagnosis in rural areas (where there are highest number of cases of malaria and MAP in Colombia) [31]. According to a recent review, although TBS has been the standard for diagnosis globally, its sensitivity is low and is dependent on variables such as the microscopist’s experience, the quality of the slides, and the reagents. In addition, its low accuracy in low endemic areas, in patients with low parasitemia, and in patients with submicroscopic and asymptomatic infections, prevents the achievement of elimination goals [32]. Therefore, TBS is useful for the programmatic phase of malaria control (focusing on reducing incidence, prevalence, morbidity, and mortality) but not for the following three phases: pre-elimination (rates below 5%, high coverage of a good quality control program in the clinical laboratories and medical services, and enhanced case reporting and surveillance), elimination (absence of cases), and prevention of reintroduction [32].



Additionally, the central strategy has been active case detection in countries that have advanced to the elimination phases, in which high-risk individuals in an area or household members, neighbors, and other contacts of passively detected cases (hotspots and hotpops) are screened and treated in conjunction with vector control actions [33,34,35]. This strategy has proven ineffective in cases of low endemicity and asymptomatic infections. Other authors have estimated that TBS only detects and controls 20–50% of cases [33,36]. Moreover, a community trial in Burkina Faso with 12 months of follow-up demonstrated that active detection strategy has no effect on the prevalence of Plasmodium spp. or the incidence of malaria [33,37] owing to the low sensitivity of the diagnosis. These and other factors have contributed to the need of evidence to make molecular diagnosis the standard, particularly in areas with low endemicity and transmission [33].



All of the above findings enable us to identify several problems that justify the need for this study:




	(i)

	
In the stages of malaria control, TBS effectiveness has only been demonstrated for the programmatic phase, ignoring its true value for the pre-elimination, elimination, and reintroduction prevention phases. In the case of Colombia, the CPG for malaria indicates that early diagnosis is a vital component of the control and elimination strategies as well as transmission reduction [17].




	(ii)

	
Although most experts believe that TBS should be used only in febrile patients, the central argument for this recommendation is not one of diagnostic accuracy or clinical–epidemiological rigor but of optimizing the scarce economic resources allocated to the epidemiological surveillance of this disease [1,11,17]. The impossibility in the short and medium term for Colombia to put molecular tests into operation in the places where patients arrive for consultation should also be considered.




	(iii)

	
In ideal epidemiological terms, a good diagnostic test for infectious diseases should cover the entire clinical spectrum of the disease, i.e., from its asymptomatic stages, rather than being limited to advanced stages where sensitivity and specificity are known to be high. For the epidemiological MAP surveillance, the diagnosis should not be limited to its clinical use in symptomatic patients, excluding the importance of a good diagnostic method for epidemiological surveillance of the infection and its transmission.




	(iv)

	
Colombian NIH recommends using TBS in pregnant women, who are usually asymptomatic, in their quarterly antenatal control, as well as screening of all people with an epidemiological link or exposure in an endemic area, demonstrating the need to be aware of the performance of TBS in this type of population.




	(v)

	
In Colombia, no diagnostic evaluation of all the accuracy parameters of TBS for symptomatic or asymptomatic pregnant women has been performed. Previous research shows high heterogeneity in diagnostic sensitivity in this group, ranging from 32.3% [27] to 63.7% [28]. TBS has been shown to have a high sensitivity in P. falciparum infections, but the parameters of accuracy in P. vivax-predominant settings are unknown [30].




	(vi)

	
The scant evidence on the diagnostic accuracy of TBS for MAP is focused on GM, with few approaches for PM and CM [31].




	(vii)

	
In Colombia, the effect of the following variables on the diagnostic evaluation parameters is unknown: causal species, anemic or febrile state, history of malaria in the last year, and history of GM, which are relevant to issuing recommendations on groups in which the TBS has a good or bad diagnostic performance.









Therefore, the aim of this research was to evaluate the accuracy of TBS versus quantitative PCR (qPCR) for the diagnosis of P. falciparum and P. vivax MAP in its GM, PM, and CM forms, and to compare the accuracy of TBS in different subgroups of pregnant women according to symptomatology (fever and anemia) and malaria history.



The importance of this type of research stems from the need for a valid test for the diagnosis in clinical and epidemiological surveillance of MAP, as its absence can lead to serious clinical and epidemiological situations, including the following:




	(i)

	
Without adequate and valid MAP calculations, physicians would either disregard negative results (usually false negatives [FNs]) or increase antimalarial drug prescriptions [38] owing to mistrust in their diagnostic standard. Other authors have reported that Plasmodium spp. was found in less than 1% of subjects receiving antimalarial treatment in low-endemic areas [39]. The clinical overdiagnosis of malaria in hospitals coexists with its underdiagnosis in the community, resulting in antimalarial drugs being administered to people who do not require them [40]. This would imply a misuse of resources allocated to treating malaria and an increased risk of antimalarial drug resistance [41].




	(ii)

	
Without community screening using valid and highly sensitive methods, surveillance would be limited to clinical disease, resulting in an inaccurate epidemiological and parasitological picture due to an underestimated prevalence and incidence as well as unreliable data for setting epidemiological surveillance, control, or elimination goals [42,43].




	(iii)

	
Without a proper diagnosis, the risk of cases of traveler’s malaria increases [44].










2. Materials and Methods


2.1. Study Subjects


We realized a diagnostic evaluation. The study subjects included 829 pregnant women, 579 placentas, 381 umbilical cord blood samples, and 221 peripheral blood samples from neonates collected in local hospitals in Colombia’s main malaria-endemic area (the area that reports the highest number of cases in the country), which is located in the northwestern part of the country, specifically in South Córdoba and northwest of Antioquia (Bajo Cauca and Urabá) [45]. The samples were collected between 2010 and 2019, using the same standardized procedures for the collection of information and the diagnosis of malaria. The sampling was non-probabilistic and the selection of the participants was carried out in the antenatal care service of each hospital.



The pregnant women were recruited at prenatal check-ups or during delivery and had to meet the following inclusion criteria: living in the municipality for at least 1 year, having TBS and qPCR test results for malaria, having no diagnosed diseases, having infections or complications during pregnancy, and signing an informed consent form. Only pregnant women who were receiving antimalarial treatment at the time of the study or 2 weeks prior to the study were excluded.



In most cases the samples obtained were not from the same subjects (pregnant woman, placenta, umbilical cord and neonate), therefore the results of GM, PM and CM are analyzed independently. This is due to multiple geographical, cultural, economic and health system-related (particularly functioning and coverage of antenatal care) barriers for this type of research in Colombia, which prevented the recruitment of pregnant women with their follow-up until the newborn.




2.2. Malaria Diagnosis


The TBS was used as an index test, and qPCR was used as a reference standard for diagnostic evaluation. For the TBS, a blood sample was obtained and a large globular drop was extracted from it. The drop was spread homogeneously on a slide sheet to cover an area of approximately 1 cm × 1 cm, dried at room temperature for 20 min, and then stained with modified Romanowsky’s stain. This stain is used in Colombia because of its stability and because it is an aqueous solution; therefore, it does not absorb humidity from the environment, making it suitable for hot and humid tropical climates. This test is considered positive when a minimum of 200 microscopic fields are observed under 100× magnification and at least one parasitic form is found. Based on this, the presence of P. falciparum, P. vivax, or mixed malaria is defined. The latter corresponds to the observation of parasitic forms of P. vivax and concomitant gametocytes of P. falciparum or regular asexual forms compatible with P. falciparum in a proportion of ≥40% of the 100 parasitic forms observed [18]. TBS accuracy depends on the quality of the smear on the slide and microscopist’s qualification, in this study TBS was carried out by microscopists of national malaria diagnostic network, they are health workers (nursing auxiliary or community health promoters) trained by the NIH in a course on TBS during three months, with certification and recertification by the Ministry of Health. Microscopists work exclusively to make TBS, and in this study they had more than 10 years of experience realizing this test. This guarantees an excellent diagnostic quality.



For qPCR, blood was drawn from the same sample used in the TBS, and disks of Whatman #3 filter paper were soaked for DNA extraction. PCR is the most widely used test for the molecular diagnosis of malaria, with a detection limit of <0.02 parasites/μL. The qPCR avoids post-amplification manipulation, allow for real-time monitoring of the amplification process, and quantify the number of microorganisms. It is based on fluorescent labels that demonstrate amplicon formation throughout the reaction, and the fluorescence intensity is related to the number of amplified products. For malaria, this test includes a highly conserved region of the Plasmodium 18S rRNA gene (4–8 copies of the 18S rRNA genes are expected in each Plasmodium) and a region in a gene common to all four Plasmodium species (P. falciparum, P. vivax, P. malariae, and P. ovale) that has conserved and polymorphic regions [33].




2.3. Collection of Information and Bias Control


TBS and qPCR tests on peripheral blood from the mother were used to diagnose GM. The same procedure (as in TBS and qPCR) was used to diagnose PM, but with placental blood. Likewise, peripheral blood samples from the neonate or the umbilical cord were used to diagnose CM. The following variables were extracted from the clinical history: febrile state, hemoglobin, and previous diagnosis of malaria (in the last year and in the current pregnancy).



To avoid partial verification bias, spectrum bias, and differential verification bias, the following criteria were applied: a group of patients representative of those receiving the diagnostic test in routine clinical practice was evaluated; the TBS and qPCR were applied to the same blood samples (samples taken at the same time); the diagnostic tests were processed independently and blindly (without knowing the results of the other test); and qPCR was used as the reference test in all cases.




2.4. Statistical Analysis


Absolute (#) and relative (%) frequencies were used to describe the groups. The frequency of GM, PM, and CM was determined based on the reference test (qPCR). The accuracy of the TBS for the diagnosis of GM was assessed using sensitivity parameters [true positive {TP}/(TP + FN)], specificity [true negative {TN}/(TN + false positive {FP})], positive predictive value [TP/(TP + FP)], negative predictive value [TN/(TN + FN)], the negative likelihood ratio [1 − Sensitivity/Specificity E i.e., FN/E], the Youden index [(S + E) − 1], and the validity index or proportion of patients correctly diagnosed [(TP + TN)/Total]. All of these parameters were calculated with 95% CI, and the positive likelihood ratio was not calculated given the absence of FP results with the TBS. These parameters were calculated for the entire group and the following subgroups: infected with P. falciparum or P. vivax, with or without fever, with or without anemia, with mild–moderate anemia, with or without malaria in the last year, and with or without a history of GM in the current pregnancy. The accuracy parameters were also calculated by exploring the association of the causal species with the symptoms and history of malaria. The same procedure was applied for PM. In the case of CM, it was not possible to estimate the accuracy parameters because all cases were detected using qPCR and no cases were detected using the TBS. Analyses were performed in EPIDAT (Dirección Xeral de Saúde Pública de la Consellería de Sanidade, Organización Panamericana de la Salud, Universidad CES de Colombia, Xunta de Galicia, España).




2.5. Ethical Aspects


The guidelines of the Declaration of Helsinki and Resolution 8430 of Colombia for research with pregnant women were followed. The study was classified as minimal risk and was approved by the Ethics Committee of the Sede de Investigación Universitaria, Universidad de Antioquia (Minutes # 21-101-961) and the Instituto de Investigaciones Médicas (Minutes # 008). All pregnant women signed the informed consent (for women of legal age) or assent (for women under 18 years of age) form, which was obtained in writing and signed by the pregnant woman and a witness (external to the research group). According to Colombian law, adolescents (over 10 years of age) may sign the informed consent form without the consent of their parents or guardians. All data were coded (anonymized) by someone outside the research team. To ensure the confidentiality of the data, the authors of this manuscript had access to a database that did not contain any information that could reveal the identity of the pregnant woman.





3. Results


Information was retrieved from the medical records of 1057 pregnant women with a history of malaria, with 32.8% (n = 347) having malaria in the last year and 25.1% (n = 265) in the current pregnancy. Among the 661 pregnant women, 19.1% (n = 126) reported having fever during the current malaria infection, and among the 792 patients with hemoglobin records, 31.3% (n = 248) had anemia (hemoglobin level < 11.0 g/dL) during gestation or at delivery.



There were 829 pregnant women who underwent qPCR, and 35.8% (n = 297) tested positive with the following results in terms of species: P. vivax, 63% (n = 187); P. falciparum, 34% (n = 102); and both species (mixed malaria), 3.0% (n = 8). The same 829 underwent TBS, 19.7% (n = 163) were positive for malaria (P. vivax in 79.8%, P. falciparum in 19.6%, and mixed in 0.6%) (Table 1).



Both tests were performed on 579 placental blood samples, and the results were as follows: qPCR revealed that 27.4% (n = 159) were positive, while the TBS revealed that 2.2% (n = 13) were positive. The species identified with qPCR were P. falciparum, 45.3% (n = 72); P. vivax, 40.9% (n = 65); and mixed, 13.8% (n = 22), while with the TBS, no mixed species were identified and the respective frequencies of P. vivax and P. falciparum were 69.2% (n = 9) and 30.8% (n = 4) (Table 1).



Two sources of blood samples were used to examine the newborn: the umbilical cord (at delivery) and peripheral blood (after delivery and up to the day of discharge, which is usually 1–2 days after birth). Only the qPCR data are presented because none of the children tested positive in the TBS. According to the neonatal peripheral blood samples, there were no mixed malaria, and there was a low frequency of P. vivax (n = 3) and P. falciparum (n = 2). According to the umbilical cord blood samples, 16.5% (n = 63) were positive, P. falciparum 63.5% (n = 40), P. vivax 30.2% (n = 19), and mixed malaria 6.3% (n = 4) (Table 1).



For GM, the TBS had a sensitivity of 55%, a specificity of 100%, a positive predictive value of 100%, and a negative predictive value of 79.9%. In the subgroups, the specificity and positive predictive values were both 100%. The lowest sensitivity values were found in those infected with P. falciparum (30%); pregnant women without fever (29%), without anemia (38.5%), or mild anemia (33%); and those without a history of malaria in the previous year (13%) or in the current pregnancy (20%). On the contrary, the best sensitivity results were found in those infected with P. vivax (68%), with a history of malaria (69%), and with febrile symptoms (96%). The lowest negative predictive values were recorded in pregnant women with anemia (66% in mild anemia and 57.5% in moderate anemia) and with a history of malaria (64% in those with GM in the current pregnancy and 76% in pregnant women who had malaria in the last year), while the highest values were found independent of diagnosis of species (88% in P. falciparum and 90% in P. vivax) or febrile state (89% in pregnant women without fever and 91% in febrile symptomatic women) (Table 2).



In the population evaluated for GM, the TBS had a negative likelihood ratio of 0.45, a Youden index value of 0.55, and a validity index (correctly diagnosed patients) of 83.8%. In the subgroup analyses, pregnant women with P. falciparum infection, no fever, and no history of malaria had the worst results in the negative likelihood ratio and Youden index. However, the best results in these two parameters were shown in pregnant women with fever, a history of malaria, and a P. vivax infection. The proportion of correctly diagnosed patients was higher in febrile symptomatic women and those infected with P. vivax (Table 3).



The diagnostic accuracy parameters for these cases could not be calculated because of the small number of mixed malaria results. It was also not possible to perform calculations according to the parasitemia reported in the TBS because parasite density was only obtained in 152 samples, with 35 pregnant women having less than 1000 asexual parasites/µL, 26 having 1000–2500 asexual parasites/µL, 30 having 2501–5000 asexual parasites/µL, and 61 having more than 5000 asexual parasites/µL. Both tests revealed that all of these samples were positive (i.e., in this subgroup of 152 pregnant women, parasitemia was not related to the diagnostic accuracy of the TBS).



The diagnostic errors in terms of species were as follows: one case of P. falciparum by TBS was a P. vivax infection on qPCR, one case of P. falciparum with TBS was a mixed malaria on qPCR, four cases of P. vivax on TBS were mixed malarias on qPCR, and one mixed malaria with TBS was a P. falciparum infection on qPCR.



P. vivax showed better results in terms of sensitivity, negative likelihood ratio, and in the Youden index. The negative predictive value for P. falciparum and P. vivax did not differ in any of the subgroups analyzed according to symptomatology and history of malaria. This parameter yielded the lowest results in pregnant women with anemia (80% in P. falciparum and 77% in P. vivax) and without malaria in the current pregnancy (50.0% in P. falciparum and 50.6% in P. vivax). The only subgroups with satisfactory diagnostic accuracy results were pregnant women with fever, regardless of the species, and those with a history of P. vivax malaria (in the last year or in the current pregnancy) (Table 4).



For PM, the sensitivity of the TBS was 8.2%; in subgroup analyses by causal species, symptomatology, and history of malaria, it ranged from 1.2% to 17.6%. The negative predictive value ranged from 49.3% to 93.9%, while the proportion of patients correctly diagnosed ranged from 52.0% to 94.0%, with the latter being explained by the absence of FPs in the TBS (Table 5). Specificity and positive predictive values were both 100% (no FPs). The negative likelihood ratio was greater than 0.80 and the Youden index value was less than 0.20 in all subgroups.



In 17 negative TBSs, mixed PM was diagnosed by qPCR. There was no analysis of diagnostic evaluation parameters in the subgroup of febrile pregnant women because only 33 cases were found, 29 of which were negative with both tests and four of which were negative with the TBS but positive with qPCR (the absence of FPs and TPs did not allow for the estimation of diagnostic evaluation parameters). Finally, the deficiencies of TBS in detecting PM cases in all subgroups analyzed according to species, symptomatology, and history of malaria were maintained in the estimation of diagnostic accuracy parameters for the interaction of these variables.




4. Discussion


In the study population, 19.1% of patients had febrile symptoms and 31.3% had anemia. These findings are consistent with the Health Situation Analysis of Colombia 2019, which reported a frequency of anemia of 28%, with anemia being 40% more frequent in the lowest wealth quintile [46], as well as with some reports on febrile syndromes in Colombia. These are the leading causes of emergency consultations in the country, with malaria being one of the main causes [47]. This represents the population in Colombia, where the TBS is commonly used.



4.1. Gestational Malaria


These findings apply to territories where P. vivax predominates, causing 63% of cases of GM (compared to 34% of P. falciparum and 3% of mixed malaria), which is novel in this field of research, where evaluations of diagnostic accuracy predominate in areas with a higher frequency of P. falciparum [28,29,30].



P. vivax predominated in GM as a reflection of the study region’s parasitological and epidemiological situations. However, in PM, both species had a similar proportion (45.3% for P. falciparum and 40.9% for P. vivax), whereas in CM, the proportion of P. falciparum was higher (62% vs. 32% for P. vivax), which would be supported by specific clinical, physiological, and pathological aspects of these species. Therefore, the similar proportion of P. vivax and P. falciparum in PM would contradict several assumptions about P. vivax’s lower capacity for clinical damage [20,21,22,48], while the higher proportion of CM cases by P. falciparum would reflect greater virulence, pathogenicity, and the ability to cross the placenta of this species [49].



The frequency of GM was 36%, PM 27%, and CM 2% in neonatal peripheral blood samples and 16.5% in umbilical cord samples, which are higher (except for CM) than those reported in a meta-analysis in the Colombian literature, with frequencies of 17%, 11%, and 16%, respectively [13]. Despite these differences, both studies report a high frequency of MAP cases with a high proportion of submicroscopic malaria (in this study, 45% of all cases of GM, 92% of PM, and 100% of CM), demonstrating the limitations of the TBS for MAP [13]. This finding is of concern for malaria care, control, and elimination programs because submicroscopic cases are not detected or treated, resulting in severe outcomes for the mother and child (anemia and severe malaria) while also perpetuating parasite transmission and disease endemicity [20,23,24,25,26].



For GM, TBS presented satisfactory diagnostic accuracy parameters for P. vivax infections (S = 68%; E = 100%, PPV = 100%, NPV = 90%; NLR = 0.3; and PPCD = 92%) in pregnant women with a history of malaria (S = 69%; E = 100%, PPV = 100%, NPV = 100%, NPV = 76%; NLR = 0.3; and PPCD = 84) and in febrile symptomatic women (S = 96%; E = 100%, PPV = 100%, NPV = 92%; NLR = 0.04; and PPCD = 97%). In this last case, this research makes no new contributions; rather, it confirms the excellent diagnostic capacity of the TBS in cases of advanced infection or parasitemia levels that cause obvious signs and symptoms, as indicated by WHO guidelines, the Colombian CPG, and some studies on MAP [1,11,17,29].



This study provides new evidence of the good diagnostic performance of the TBS for GM caused by P. vivax and in pregnant women with a history of malaria. Therefore, sensitivity and specificity demonstrate the test’s ability to detect positives and negatives without being affected by disease prevalence, implying that the results could be easily applied to settings with a different prevalence. These parameters are only affected by the disease spectrum, so patients with clearly manifested disease have better outcomes. In contrast, disease prevalence can influence the overall validity index or correctly classified subjects because accuracy increases as disease prevalence decreases [50].



The negative likelihood ratio (1 − S/E) is the ratio of the probability of a negative result in subjects with the disease to the probability of the same result in subjects without the disease (ideally it should be ≤0.1, but values of ≤0.3 are considered acceptable because this value is related to a change in clinical behavior). This is the most recommended measure for diagnostic accuracy because its sensitivity and specificity are independent of disease prevalence and can be used to calculate predictive values [50].



The lowest negative predictive values were found in pregnant women with anemia and a history of malaria, indicating that a negative TBS result in this type of pregnant woman is not very reliable for the clinician or treatment staff and that other diagnostic options should be explored when malaria is highly suspected and the TBS result is negative in order to prevent the infection from progressing. In clinical practice, a common line of reasoning is to know how good the test is at predicting disease or health. Therefore, predictive values are more commonly used, although they depend on disease prevalence [50].



In the other subgroups analyzed (P. falciparum cases and asymptomatic pregnant women or those with no history of malaria), TBS performed poorly. Furthermore, in these cases, other diagnostic options should be explored if progress is to be made in achieving the goals of pre-elimination, elimination, or prevention in the reintroduction of cases [32] and if the clinical consequences of submicroscopic and asymptomatic MAP (which some authors suggest should be referred to as chronic malaria) are to be avoided [23,24,25,26].



In addition, there are some difficulties in the diagnosis of mixed malaria using the TBS for GM, even in the case of diagnoses made by expert microscopists. In this study, six (86%) of seven cases of diagnostic mismatch by causal species were related to mixed malaria, which would generate errors in epidemiological and clinical profile.




4.2. Placenta Malaria


For PM, the sensitivity was 8%; in subgroup analyses according to species, symptoms, and history of malaria, it was 1–18%. The negative likelihood ratio (1 − S/E) was greater than 0.8 in all subgroups, indicating that with the TBS, the probability of a FN result (1 − S) is nearly equal to that of getting a TN result (E); this indicates that this test is not useful in any case or subgroup for PM [50]. This is consistent with the findings of other authors who have concluded that microscopy, placental histology, and other methods fail to identify the majority of P. falciparum infections detected by qPCR in peripheral blood and placenta. Undetected infections are associated with increased clinical risks, highlighting the need for improved MAP diagnosis and to avoid the consequences of hidden infections during pregnancy [51].



In pathophysiological terms, a factor for the control of MAP and its clinical consequences in the mother, fetus, and newborn revolves around PM, which is defined as the sequestration of P. falciparum-infected erythrocytes in the placenta or the presence of Plasmodium spp. or malarial pigment in this tissue, which can lead to reduced parasite circulation in the maternal peripheral blood and transmission to the fetus. PM is a difficult clinical form to diagnose (in fact, this diagnosis is restricted to the research field), with several studies demonstrating high variability in the sensitivity and specificity of qPCR and rapid diagnostic tests. Histopathology is the gold standard for PM diagnosis because it can detect both parasites and hemozoin. Histopathology can also detect immune cell infiltrates and classify placental tissue into acute active infection (presence of parasites with little or no pigment), chronic active infection (presence of parasites and abundant pigment), or past infection (only presence of pigment) based on the inflammatory process, which PCR cannot detect because it does not identify hemozoin [31].



However, this method is not without challenges because its results depend on the quality of the sample, and the formalin pigment can be confused with hemozoin, leading to diagnostic errors [5,52,53,54]. There are additional challenges, such as the fact that the histopathological damage that defines positivity for PM is unclear. Regardless, progress in the accurate diagnosis of PM before or during delivery is required not only for research purposes but also for programmatic purposes (for prenatal and malaria control programs) [5].



It is worth noting that a study conducted in the same region of this research compared the TBS, nested PCR, and histopathology for the diagnosis of MM, discovering a sensitivity of 33% and a specificity of 95% for the TBS, whereas in nested PCR, these parameters were 47% and 77%, respectively, when compared to histopathology [31].




4.3. Congenital Malaria


The TBS did not detect any cases, demonstrating the need for molecular diagnosis for this clinical form. Other studies have indicated that the diagnosis of CM is more complicated because it is an infection with low parasitic density in umbilical cord blood or peripheral blood of the newborn. Therefore, tests with better sensitivity, such as molecular techniques, are required [6]. In general, CM is a poorly investigated event, and some authors believe that it is a disease with low occurrence, so there are many gaps in the literature [7].




4.4. Limitations of This Study


Given the low number of cases, one of the study’s limitations is the lack of diagnostic accuracy analyses for mixed malaria. Furthermore, comprehensive analyses based on parasitemia levels were not conducted. Nevertheless, determination of parasitemia and classification are difficult and far from perfect; inaccurate diagnosis and classification have caused a high mortality rate, especially in children [51,55]. Although obtaining a blood sample via venipuncture could be considered a limitation, previous research has shown that there are no differences in parasite density or diagnostic yield between this type of sample and capillary blood [56], and the Colombian Ministry of Health recommendations validate both types of samples [18].



In terms of qPCR, one of its limitations is its inability to determine the viability of the microorganism because it only detects genetic material and does not identify individuals with the ability to transmit the agent and cause new infections. Therefore, two final considerations should be highlighted:




	(i)

	
in other models, such as the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the cycle threshold (Ct) of qPCR (semiquantitative measurement inversely related to the amount of genetic material in the sample) and its correlation with clinical data have been used to suggest reference ranges for Ct (<30, highly infectious; 30–34, moderately infectious; 35–37, indeterminate; and >37, non-infectious). Similar studies could be suggested for MAP [57], and




	(ii)

	
based on the outcomes previously mentioned for submicroscopic MAP cases, it can be assumed that the possibility of detecting asymptomatic carriage of malaria is low in the case of the molecular diagnosis of MAP. However, there is a clear need for further research and an increase in the health budget allocated to the molecular diagnosis of this disease.










4.5. Strengths of This Study


The following are the strengths of this study:




	(i)

	
It is Colombia’s first study with a large sample size for the mother–placenta–neonate trinomial.




	(ii)

	
It is one of the few studies in the world that presents the thorough diagnostic parameters for clinical and epidemiological programs in a comprehensive manner.




	(iii)

	
It assesses diagnostic ability in key subgroups according to symptoms, malaria history, and causal species and discusses the effect of the interaction of these factors on the accuracy of the TBS.




	(iv)

	
Although TBS was historically used in people with fever and PCR was developed to identify parasite components (DNA) in asymptomatic people or those with very low parasitemia, this study showed satisfactory results for cases of GM caused by P. vivax and in pregnant women with previous malaria, expanding the evidence in favor of the use of this test in various clinical and epidemiological situations (aspects for which there are no previous studies and demonstrate the novelty of this research). Moreover, there was no false positive in PM with TBS which is relevant to avoid subsequent resistance problems due to poor prescription of antimalarials. However, in GM, classification errors occurred in 0.8% mainly in cases of mixed GM; despite being a very low number, it shows the importance of carrying out more diagnostic accuracy studies for mixed malaria.




	(v)

	
Evidence was gathered to support the importance of active surveillance of MAP in Colombia, which requires more effort compared to passive detection because health workers must search for patients in the community. This type of search is crucial for the pre-elimination and elimination phases of malaria because it allows for the detection of undiagnosed symptomatic cases with passive surveillance, as well as asymptomatic patients using focus studies.











5. Conclusions


The TBS performed well in this study for the diagnosis of GM in pregnant women with P. vivax infection, previous malaria and fever (or symptoms). It also demonstrated that the TBS performed poorly to detect PM and CM because of its low case-detection capacity. It is necessary to conduct MAP surveillance, follow-up, and control with molecular diagnosis in order to improve the detection of asymptomatic GM and P. falciparum in pregnant women with no history of malaria, optimize the timely treatment of PM and CM, avoid the clinical consequences of MAP.
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Table 1. Description of the study population according to the source (mother, placenta, or neonate) Plasmodium.
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n

	
%






	
Pregnant woman

	
qPCR

n = 829

	
Total

	
297

	
35.8




	
P. falciparum

	
102

	
12.3




	
P. vivax

	
187

	
22.5




	
Mixed

	
8

	
1.0




	
TBS

n = 829

	
Total

	
163

	
19.7




	
P. falciparum

	
32

	
3.9




	
P. vivax

	
130

	
15.7




	
Mixed

	
1

	
0.1




	
Placenta

	
qPCR

n = 579

	
Total

	
159

	
27.4




	
P. falciparum

	
72

	
12.4




	
P. vivax

	
65

	
11.2




	
Mixed

	
22

	
3.8




	
TBS

n = 579

	
Total

	
13

	
2.2




	
P. falciparum

	
4

	
0.7




	
P. vivax

	
9

	
1.5




	
Neonate

	
qPCR peripheral blood

n = 221

	
Total

	
5

	
2.3




	
P. falciparum

	
2

	
0.9




	
P. vivax

	
3

	
1.4




	
qPCR

Umbilical cord

n = 381

	
Total

	
63

	
16.5




	
P. falciparum

	
40

	
10.5




	
P. vivax

	
19

	
5.0




	
Mixed

	
4

	
1.0
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Table 2. Frequency, sensitivity, specificity, and predictive values of the TBS compared to qPCR for the diagnosis of gestational malaria in the total population and in subgroups according to species, symptomatology, and history of malaria.
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Frequency

	
S

	
E

	
PPV

	
NPV






	
Total (positive vs. negative for malaria)




	
% (95% CI)

	
35.8 (32.5–39.1)

	
54.9 (49.0–60.7)

	
100 (99.9–100)

	
100 (99.7–100)

	
79.9 (79.7–83.0)




	
N

	
297/829

	
163/297

	
532/532

	
163/163

	
532/666




	
By species (positive for species vs. negative for malaria)




	
P. falciparum

	

	

	




	
% (95% CI)

	
16.0 (13.0–18.9)

	
29.7 (20.3–39.1)

	
100 (99.9–100)

	
100 (98.3–100)

	
88.2 (85.6–90.9)




	
n

	
101/633

	
30/101

	
532/532

	
30/30

	
532/603




	
P. vivax

	

	

	

	

	




	
% (95% CI)

	
25.9 (22.6–29.2)

	
67.7 (60.8–74.7)

	
100 (99.9–100)

	
100 (99.6–100)

	
89.9 (87.4–92.4)




	
n

	
186/718

	
126/186

	
532/532

	
126/126

	
532/592




	
By Symptom (positive for each symptom vs. negative for the symptom)




	
No fever

	

	

	

	

	




	
% (95% CI)

	
14.9 (10.9–18.9)

	
28.6 (14.9–42.2)

	
100 (99.8–100)

	
100 (96.4–100)

	
88.9 (85.3–92.5)




	
n

	
49/329

	
14/49

	
280/280

	
14/14

	
280/315




	
With fever

	

	

	

	

	




	
% (95% CI)

	
68.9 (59.5–78.3)

	
95.8 (90.4–100)

	
100 (98.4–100)

	
100 (99.3–100)

	
91.4 (80.7–100)




	
n

	
71/103

	
68/71

	
32/32

	
68/68

	
32/35




	
No anemia

	

	

	

	

	




	
% (95% CI)

	
26.8 (22.1–31.5)

	
38.5 (28.3–48.8)

	
100 (99.8–100)

	
100 (98.6–100)

	
81.6 (77.2–86.0)




	
n

	
96/358

	
37/96

	
262/262

	
37/37

	
262/321




	
With anemia

	

	

	

	

	




	
% (95% CI)

	
49.1 (41.3–56.9)

	
41.0 (29.8–52.2)

	
100 (99.4–100)

	
100 (98.5–100)

	
63.7 (55.2–72.2)




	
n

	
83/169

	
34/83

	
86/86

	
34/34

	
86/135




	
With mild anemia

	

	

	

	




	
% (95% CI)

	
43.2 (33.6–52.9)

	
33.3 (19.0–47.7)

	
100 (99.2–100)

	
100 (96.9–100)

	
66.3 (56.3–76.3)




	
n

	
48/111

	
16/48

	
63/63

	
16/16

	
63/95




	
With moderate anemia

	

	

	

	




	
% (95% CI)

	
60.3 (46.9–73.8)

	
51.4 (33.4–69.4)

	
100 (97.8–100)

	
100 (97.2–100)

	
57.5 (40.9–74.1)




	
n

	
35/58

	
18/35

	
23/23

	
18/18

	
23/40




	
Presence of a history of malaria




	
With a history of malaria in the last year

	

	




	
% (95% CI)

	
50.5 (44.5–56.6)

	
69.0 (61.1–77.0)

	
100 (99.6–100)

	
100 (99.5–100)

	
76.0 (69.5–82.4)




	
N

	
142/281

	
98/142

	
139/139

	
98/98

	
139/183




	
No history of malaria in the past year

	

	

	




	
% (95% CI)

	
19.8 (16.1–23.4)

	
12.6 (5.4–19.8)

	
100 (99.9–100)

	
100 (95.8–100)

	
82.3 (78.7–85.9)




	
N

	
95/481

	
12/95

	
386/386

	
12/12

	
386/469




	
With a history of malaria in this pregnancy

	

	

	




	
% (95% CI)

	
64.0 (57.1–70.9)

	
68.8 (60.3–77.2)

	
100 (99.3–100)

	
100 (99.4–100)

	
64.3 (55.0–73.6)




	
n

	
128/200

	
88/128

	
72/72

	
88/88

	
72/112




	
No history of malaria in this pregnancy

	

	

	




	
% (95% CI)

	
19.4 (16.0–22.7)

	
20.2 (12.2–28.2)

	
100 (99.9–100)

	
100 (97.7–100)

	
83.9 (80.7–87.1)




	
n

	
109/562

	
22/109

	
453/453

	
22/22

	
453/540








F: frequency of GM, S: sensitivity, E: specificity, PPV: positive predictive value, NPV, negative predictive value.
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Table 3. Likelihood ratios, validity indices, and Youden index values of the TBS compared to qPCR for the diagnosis of gestational malaria in the total population and in subgroups according to species, symptomatology, and history of malaria.
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	NLR
	Youden
	PPCD





	Total
	0.45 (0.40–0.51)
	0.55 (0.49–0.61)
	83.8 (81.3–86.4)



	By species
	
	
	



	P. falciparum
	0.70 (0.62–0.80)
	0.30 (0.21–0.39)
	88.8 (86.3–91.3)



	P. vivax
	0.32 (0.26–0.40)
	0.68 (0.61–0.74)
	91.6 (89.5–93.7)



	By symptom
	
	
	



	No fever
	0.71 (0.60–0.85)
	0.29 (0.16–0.41)
	89.4 (85.9–92.9)



	With fever
	0.04 (0.01–0.13)
	0.96 (0.91–1.00)
	97.1 (93.4–100)



	No anemia
	0.61 (0.52–0.72)
	0.39 (0.29–0.48)
	83.5 (79.5–87.5)



	With anemia
	0.59 (0.49–0.71)
	0.41 (0.30–0.52)
	71.0 (63.9–78.1)



	With mild anemia
	0.67 (0.55–0.81)
	0.33 (0.20–0.47)
	71.2 (62.3–80.1)



	With moderate anemia
	0.49 (0.35–0.68)
	0.51 (0.35–0.68)
	70.7 (58.1–83.3)



	By history of malaria
	
	
	



	With malaria during the last year
	0.31 (0.24–0.40)
	0.69 (0.61–0.77)
	84.3 (79.9–88.8)



	No malaria during last year
	0.87 (0.81–0.94)
	0.13 (0.06–0.19)
	82.7 (79.3–86.2)



	With malaria during this pregnancy
	0.31 (0.24–0.40)
	0.69 (0.61–0.77)
	80.0 (74.2–85.8)



	No malaria during this pregnancy
	0.80 (0.73–0.88)
	0.20 (0.13–0.28)
	84.5 (81.4–87.6)







NLR: negative likelihood ratio, PPCD: proportion of patients correctly diagnosed (validity index).
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Table 4. Diagnostic accuracy parameters of the TBS against qPCR for Plasmodium falciparum and Plasmodium vivax in pregnant women according to symptoms and history of malaria.
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S

	
NPV

	
NLR

	
Younden






	
No fever

	

	

	

	




	
P. falciparum

	
18.2 (0–36.6)

n = 4/22

	
94.0 (91.1–96.8)

n = 280/298

	
0.82 (0.67–1.0)

	
0.18 (0.0–0.34)




	
P. vivax

	
40.0 (18.8–61.2)

n = 10/25

	
94.9 (92.2–97.7)

n = 280/305

	
0.60 (0.44–0.83)

	
0.40 (0.21–0.59)




	
With fever

	

	

	

	




	
P. falciparum

	
100 (75.0–100)

n = 2/2

	
100 (98.0–100)

n = 32/32

	
--

	
1.0 (1.0–1.0)




	
P. vivax

	
95.6 (90.1–100)

n = 66/69

	
91.4 (80.7–100)

n = 32/35

	
0.04 (0.01–0.13)

	
0.96 (0.91–1.0)




	
No anemia

	

	

	

	




	
P. falciparum

	
20.9 (7.6–34.2)

n = 9/43

	
88.5(84.7–92.3)

n = 262/296

	
0.79 (0.68–0.92)

	
0.21 (0.09–0.33)




	
P. vivax

	
50.0 (34.8–65.2)

n = 24/48

	
91.6(88.2–95.0)

n = 262/286

	
0.50 (0.38–0.66)

	
0.50 (0.36–0.64)




	
With anemia

	

	

	

	




	
P. falciparum

	
4.3 (0–14.9)

n = 1/23

	
79.6(71.6–87.7)

n = 86/108

	
0.96 (0.88–1.0)

	
0.04 (0–0.13)




	
P. vivax

	
55.2 (41.5–68.8)

n = 32/58

	
76.8 (68.5–85.0)

n = 86/112

	
0.45 (0.34–0.60)

	
0.55 (0.42–0.68)




	
With malaria in the last year

	

	




	
P. falciparum

	
25.0 (8.4–41.6)

n = 8/32

	
85.3 (79.5–91.0)

n = 139/163

	
0.75 (0.61–0.92)

	
0.25 (0.10–0.40)




	
P. vivax

	
81.9 (74.1–89.7)

n = 86/105

	
88.0 (82.6–93.4)

139/158

	
0.18 (0.12–0.27)

	
0.82 (0.75–0.89)




	
No malaria during last year

	

	




	
P. falciparum

	
6.8 (0–15.4)

n = 3/44

	
90.4 (87.5–93.3)

n = 386/427

	
0.93 (0.86–1.0)

	
0.07 (0–0.14)




	
P. vivax

	
16.7 (5.1–28.3)

n = 8/48

	
90.6 (87.7–93.5)

386/426

	
0.83 (0.73–0.95)

	
0.17 (0.06–0.27)




	
With malaria in this pregnancy

	

	




	
P. falciparum

	
18.5 (2.0–35.0)

n = 5/27

	
76.6 (67.5–85.7)

n = 72/94

	
0.81 (0.68–0.98)

	
0.19 (0.04–0.33)




	
P. vivax

	
82.3 (74.1–90.4)

n = 79/96

	
80.9 (72.2–89.6)

n = 72/89

	
0.18 (0.12–0.27)

	
0.82 (0.75–0.90)




	
No malaria in this pregnancy

	

	




	
P. falciparum

	
12.2 (2.0–22.4)

n = 6/49

	
50.0 (38.8–61.1)

n = 43/86

	
0.88 (0.79–0.97)

	
0.12 (0.03–0.21)




	
P. vivax

	
26.3 (14.0–38.6)

n = 15/57

	
50.6 (39.4–61.8)

n = 43/85

	
0.74 (0.63–0.86)

	
0.26 (0.15–0.38)








S: sensitivity; NPV: negative predictive value, NLR: negative likelihood ratio. Specificity and positive predictive value were 100%. The proportion of patients correctly diagnosed (validity index) was greater than 80% in all subgroups (explained by the absence of false positives).
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Table 5. Diagnostic evaluation parameters of the TBS compared to qPCR for the diagnosis of placental malaria in the total population and in subgroups according to species, symptomatology, and history of malaria.
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Frequency

	
S

	
NPV

	
PPCD






	
Total




	
% (95% CI)

	
27.5 (27.3–27.6)

	
8.2 (7.8–8.5)

	
74.2 (74.1–74.3)

	
74.8 (74.7–74.9)




	
n

	
159/579

	
13/159

	
420/566

	
(13 + 420)/579




	
By species




	
P. falciparum

	

	

	

	




	
% (95% CI)

	
14.6 (14.5–14.7)

	
5.6 (4.8–6.3)

	
86.1 (85.9–86.2)

	
86.2 (86.1–86.3)




	
n

	
72/492

	
4/72

	
420/492

	
(4 + 420)/492




	
P. vivax

	

	

	

	




	
% (95% CI)

	
13.4 (13.3–13.5)

	
6.1 (5.3–7.0)

	
87.3 (87.2–87.4)

	
87.4 (87.3–87.5)




	
n

	
65/485

	
4/65

	
420/481

	
(4 + 420)/485




	
By symptomatology




	
No anemia

	

	

	

	




	
% (95% CI)

	
24.0 (24.8–25.2)

	
9.7 (9.0–10.5)

	
76.9 (76.7–77.1)

	
77.4 (77.2–77.6)




	
n

	
72/288

	
7/72

	
216/281

	
(7 + 216)/288




	
With anemia

	

	

	

	




	
% (95%CI)

	
52.2 (51.7–52.7)

	
10.2 (9.3–11.1)

	
50.5 (49.9–51.0)

	
53.1 (52.6–53.6)




	
n

	
59/113

	
6/59

	
54/107

	
(6 + 54)/113




	
With mild anemia

	

	

	

	




	
% (95% CI)

	
53.4 (52.7–54.2)

	
10.3 (8.9–11.6)

	
49.3 (48.5–50.1)

	
52.0 (51.3–52.8)




	
n

	
39/73

	
4/39

	
34/69

	
(4 + 34)/73




	
With moderate anemia

	

	

	




	
% (95% CI)

	
50.0 (48.7–51.3)

	
10.0 (7.4–12.6)

	
52.6 (51.2–54.0)

	
55.0 (53.7–56.3)




	
n

	
20/40

	
2/20

	
20/38

	
(2 + 20)/40




	
No fever

	

	

	

	




	
% (95% CI)

	
6.5 (6.3–6.8)

	
7.7 (3.8–11.6)

	
93.9 (93.7–94.2)

	
94.0 (93.7–94.2)




	
n

	
13/199

	
1/13

	
186/198

	
(1 + 186)/199




	
Presence of a history of malaria




	
No malaria last year

	

	

	




	
% (95% CI)

	
18.9 (18.7–19.0)

	
1.3 (0.6–1.9)

	
81.3 (81.2–81.4)

	
81.3 (81.2–81.5)




	
n

	
78/413

	
1/78

	
335/412

	
(1 + 335)/413




	
With malaria last year

	

	

	




	
% (95% CI)

	
47.3 (46.9–47.7)

	
17.1 (16.4–17.9)

	
57.3 (56.9–57.8)

	
60.8 (60.4–61.2)




	
n

	
70/148

	
12/70

	
78/136

	
(12 + 78)/148




	
No malaria in this pregnancy

	

	

	




	
% (95% CI)

	
18.6 (18.4–18.7)

	
1.2 (0.6–1.9)

	
81.6 (81.5–81.7)

	
81.7 (81.5–81.8)




	
n

	
80/431

	
1/80

	
351/430

	
(1 + 351)/431




	
With malaria in this pregnancy

	

	

	




	
% (95% CI)

	
52.3 (51.9–52.7)

	
17.6 (16.9–18.4)

	
52.5 (52.1–53.0)

	
56.9 (56.5–57.4)




	
n

	
68/130

	
12/68

	
62/118

	
(12 + 62)/130








F: frequency of gestational malaria, S: sensitivity, NPV: negative predictive value, PPCD: proportion of patients correctly diagnosed (validity index).
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