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Abstract


Sickle cell disease (SCD) is the most common genetic disease in sub-Saharan Africa. The signs and symptoms of SCD usually begin in early childhood. Characteristic features of this disorder include anaemia, repeated infections, and periodic episodes of pain. Malaria is one of the infections that can occur in patients with SCD in endemic countries. Many guidelines recommend antimalarial chemoprophylaxis in these patients, although the debate on which drug should be used is still ongoing. Hydroxyurea (HU), which is considered a safe and effective treatment for both children and adults with SCD, seems to affect the incidence and severity of malaria, although these impacts have yet to be fully demonstrated. We report a case of an eight-and-a-half-year-old Sudanese boy with SCD treated with HU admitted for suspected severe malaria who showed a recrudescence after first-line treatment. Although he had undergone splenectomy and thus belonged to a category of patients at high risk for infectious complications, he was not receiving any malaria chemoprophylaxis. This case emphasises the importance of the routine administration of malaria prophylaxis to children with SCD living in endemic areas, even when they are treated with HU, and especially if they are at high risk for infectious complications because they have undergone splenectomy. There is an urgent need for further research to evaluate the most appropriate regimen and its optimal duration.
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1. Background


Sickle cell disease (SCD) is a chronic multi-system disease caused by an inherited haemoglobin disorder [1]. People with this disease have atypical haemoglobin molecules called haemoglobin S (HbS), which can distort red blood cells into a sickle, or crescent, shape. The signs and symptoms of SCD usually begin in early childhood. Characteristic features of this disorder include anaemia, repeated infections, and periodic episodes of pain [2]. SCD includes a number of different diseases. The most common and severe form of SCD is the homozygous state for the βS mutation called sickle cell anaemia (HbSS) [2]. Other forms of SCD are compound heterozygous states with the βS mutation and one of several other abnormal HBBs [2].



SCD is the most common genetic disease in sub-Saharan Africa, with 300,000 neonates born with SCD annually [3]. Malaria is one of the infections that can occur in patients with SCD in endemic countries. In fact, the guidelines in many African countries and those produced by the World Health Organization (WHO) recommend antimalarial chemoprophylaxis in these patients [4,5]. Nevertheless, the most common form of prophylaxis is limited to the use of insecticide-treated bed nets, and the debate on which drug should be recommended is still ongoing. On the other hand, hydroxyurea (HU), which is considered a safe and effective treatment for both children and adults with SCD, seems to affect the incidence and severity of malaria, although its impacts have yet to be fully demonstrated [6,7,8]. For this reason, some experts consider HU as an appropriate drug for malaria prophylaxis, without the need to add additional drugs [6,7,8].



We report a case of an eight-and-a-half-year-old Sudanese boy with SCD treated with HU admitted to the Emergency NGO Paediatric Clinic in Port Sudan for severe malaria who relapsed after first-line treatment. Although he had undergone splenectomy and thus belonged to a high-risk category, he was not receiving any malaria chemoprophylaxis.




2. Case Presentation


An eight-and-a-half-year-old male patient from Sudan presented to our outpatient department in Port Sudan with a high-grade fever (39 °C), vomiting and episodes of shivering resembling convulsions. This patient was already being followed in our clinic for SCD (he showed an homozygous state for HbS), for which he started treatment with oral HU at a dose of 15 mg/kg/day due to a history of acute chest syndrome and several painful crises with a significant time absent from school. It is of note that one year prior, this patient had undergone splenectomy in a private hospital in Khartoum, Sudan. Despite living in a malaria-endemic area, the patient did not start malaria prophylaxis. On arrival at our hospital, the child appeared in good condition; he was febrile (39 °C), with vital signs within the acceptable limits according to age and a Glasgow Coma Scale (GCS) of 15/15. Blood tests revealed a Hb level of 7.0 g/dL (which was in line with the patient’s usual Hb levels), a white blood cell (WBC) count of 11.4 × 103/µL, a C-reactive protein (CRP) level of 12 mg/dL, a platelet count of 213 × 103/µL, normal kidney function and mildly altered liver function (alanine aminotransferase (ALT), 59 UI/L; aspartate aminotransferase (AST), 33 UI/L). His bilirubin level was within normal limits. His urine was clear. A rapid diagnostic test for malaria (histidine-rich protein 2 (HRP2) and Plasmodium lactate dehydrogenase (pLDH)-based) was positive, and the blood smear confirmed the presence of Plasmodium falciparum with hyperparasitaemia (++++). A diagnosis of suspected severe malaria was made in this patient affected by SCD treated with HU with a history of splenectomy.



The child was admitted to our paediatric ward and started on IV artesunate (2.4 mg/kg three times per day the first day of treatment, then once daily at 2.4 mg/kg) and IV ceftriaxone (70 mg/kg/day). HU was stopped according to the protocol. The child had a fever for the first 24 h, with normal vital signs and normal GCS scores. Because of his improved general condition and apyrexia, he was started on a 3-day course of oral artemisinin-based combination therapy on the third day of hospitalisation, and subsequently, he was discharged with instructions to complete antibiotic therapy with oral amoxicillin/clavulanic acid for 7 days at home. At discharge (on day 3), his Hb was reported as stable with a value that was normal for the patient (7.0 g/dL); however, due to the risk of the worsening of his anaemia, we asked the family to attend our clinic for a follow-up and a Hb assessment in a week.



Surprisingly, two days after discharge (on day 5), the child was brought back to our clinic because of a relapse of fever (39.5 °C), episodes of vomiting and shivering. Clinically, the patient looked unwell, although he had vital signs within the normal limits for his age. The blood smear was positive for malaria (ring stage of P. falciparum ++, gametocytes of P. falciparum ++). The complete blood count showed a decreased Hb level (6.1 g/dL), increased WBC count (38.1 × 103/µL), a platelet count of 401 × 103/µL, an increased lactate dehydrogenase level (LDH, 1522 UI/L), a CRP level within normal values and normal kidney and liver function. Given the suspicion of a partially treated case of severe malaria, the patient was started on IV ceftriaxone 100 mg/kg/day and quinine 10 mg/kg IV three times per day. The patient completed 7 days of IV therapy. His low-grade fever disappeared completely 48 h after admission. The child underwent a blood transfusion (on day 5) because of the risk of worsening anaemia. At discharge, his Hb level was 9.1 g/dL, his WBC had normalised, and his CRP level had decreased to 6 mg/dL from the peak of 96 mg/dL (on day 8). The malaria test was repeated before discharge (on day 12), and the blood smear showed one plus for gametocytes only.



Table 1 summarises the blood examination results for this child. After one week (on day 19), the child returned for a follow-up visit: he was asymptomatic and appeared to be well, the blood tests were negative for malarial parasites, and he was able to restart his daily dose of HU.




3. Discussion


Here, we report a representative case of recrudescent suspected severe malaria in a Sudanese patient affected by SCD who underwent a splenectomy at the age of 7 years. The patient was receiving regular treatment with HU and was therefore not receiving malaria prophylaxis. He developed suspected severe malaria with a recrudescence after a first-line treatment with artesunate IV, that required 7 days of treatment with IV quinine.



Subjects homozygous for HbS are at greater risk of suffering from severe malaria and have a higher mortality rate than non-SCD subjects [9]. The risks of severe anaemia and death when SCD patients develop malaria are significant [10], even though these patients are reported to have a lower parasite density [11,12]. Hyposplenism plays a significant role in the reduced response to P. falciparum in SCD patients, and some studies have reported a higher risk of severe malaria and a higher incidence of parasitemia after splenectomy [13,14]. Therefore, chemoprophylaxis against malaria is recommended in African guidelines for the management of SCD patients living in endemic areas [4,5]. Nevertheless, few data can be found in the literature regarding the optimal strategy of chemoprophylaxis and its safety and effectiveness in clinical practice.



Chronic therapy with HU has been shown to have clinical benefits with regard to reducing the incidences of vaso-occlusive crisis and acute chest syndrome and the need for blood transfusion in patients with SCD [6,7,8,15]. Moreover, some studies have reported an effect of HU on malaria. On the one hand, both in vitro and in animal models, HU increased the expression of endothelial intracellular adhesion molecule-1 (ICAM-1), which is a cell surface receptor responsible for the adhesion of erythrocytes infected with P. falciparum, facilitating parasite adhesion to the endothelium [16]. On the other hand, HU is known to increase foetal haemoglobin (HbF) levels, and some in vitro studies found a role of HbF in restricting parasite growth [17,18]. However, Mmbando et al. showed a negative epistasis between HbS and HbF and a reduction in protection against malaria [19]. Furthermore, splenic function plays an essential role in the defence against severe infections, including malaria. Studies have reported that children with SCD treated regularly with HU have preserved or even improved spleen function, ensuring a better response during infectious events [20,21]. In addition, two clinical studies explored the protective role of HU against malaria [22,23]. The first study, the NOHARM study, was a randomised double-blinded placebo-controlled trial that enrolled children with SCD in Uganda who received HU or a placebo for 12 months [22]. All participants received malaria prophylaxis with monthly doses of sulphadoxine-pyrimethamine (S-P) and anti-mosquito nets. The primary outcome was the incidence of malaria, which did not differ between the two groups, although the administration of HU was not associated with more severe malaria. On the other hand, children receiving HU had a significant increase in their Hb and HbF levels and lower incidences of painful crisis and hospitalisation. Overall, the reported malaria incidence in that study was low, reflecting the excellent adherence to oral prophylaxis and other preventive measures. No increase in the incidence of neutropenia was observed in the subjects receiving HU, confirming that HU is a safe option even in settings in which invasive infections are a cause for serious concern [22]. The second study, the REACH trial, was an open-label trial conducted in sub-Saharan Africa to assess the safety and efficacy of HU in children with SCD who were not treated with malaria chemoprophylaxis [23]. After one year of treatment, all subjects had higher levels of Hb and HbF. The incidences of painful crisis and acute chest syndrome and the need for blood transfusion were significantly reduced, as was the rate of severe infections. The authors observed a decreased rate of malaria in patients treated with HU (142.5 vs. 90 events per 100 patients/year). The benefit with regard to malaria was reported to be higher, especially after one year of treatment, with no serious adverse effects or deaths due to HU [23]. Our child with SCD, who also underwent splenectomy, developed severe malaria despite treatment with HU, indicating that malaria chemoprophylaxis is recommended for high-risk patients.



Currently, there is no consensus on the most appropriate malaria chemoprophylaxis regimen for children with SCD. The current clinical practice in most African countries includes the use of insecticide-treated nets and the early diagnosis and treatment of malaria [4,5]. Chloroquine is no longer considered an effective option for malaria chemoprophylaxis in most African countries due to the increasing resistance of P. falciparum [24]. A double-blind, randomised controlled trial was conducted in Senegal to evaluate the efficacy of malaria chemoprophylaxis with S-P in patients with SCD; in that study, the patients received either S-P or a placebo during the high-transmission season. The authors reported four cases of malaria, all in the placebo arm, and the patients in the S-P arm had a reduced need for blood transfusion, with no impacts on the incidences of painful crisis and hospitalisation [25]. Additionally, S-P was reported to be more effective than chloroquine at reducing the incidence of malaria in a double-blind, randomised controlled trial conducted with children with SCD in Uganda [26]. Eke et al. conducted a randomised placebo-controlled trial in Nigeria to compare proguanil, pyrimethamine and placebo in children with SCD [27]. Chemoprophylaxis was associated with a reduced need for transfusion, and proguanil appeared to be more effective at reducing parasite density than pyrimethamine and was associated with a significant reduction in the incidence of painful bone crisis [27]. A recent meta-analysis found proguanil to be the most common drug used for chemoprophylaxis in patients with SCD, showing that chemoprophylaxis is effective at reducing malaria episodes, although they did not find a significant reduction in the risk of painful crisis, the risk of hospital admission or the need for blood transfusion [28]. Considering the available evidence, proguanil, mefloquine, atovaquone/proguanil and doxycycline are the available options recommended in most African countries for chemoprophylaxis in patients with SCD, especially if they have risk factors for infections such as splenectomy [29].




4. Conclusions


This case emphasises the importance of administering regular malaria chemoprophylaxis to children with SCD living in endemic areas, even when they are treated with HU, and especially if they are at high risk for infectious complications because of splenectomy. There is, however, an urgent need for further research to evaluate the most appropriate regimen and its optimal duration.







Author Contributions


G.C. and S.M. were in charge of the patient’s management and wrote the first draft of the manuscript. T.H.E.A. and A.I.M. supported the patient’s management. M.V. led the Emergency Paediatric Unit, provided scientific contributions and critically revised the paper. S.E. supervised the preparation of the manuscript and provided a substantial scientific contribution. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the principles of the Declaration of Helsinki and was approved by the Ethics Committee of Area Vasta Emilia Romagna Nord (PED-2021-04).




Informed Consent Statement


Written informed consent for patient management and for the publication of this case report was obtained from the parents of the child involved in the study.




Data Availability Statement


All the available data are reported in the case presentation.




Conflicts of Interest


The authors declare that they have no conflict of interest.




References


	



Pecker, L.H.; Lanzkron, S. Sickle cell disease. Ann. Int. Med. 2021, 174, ITC1–ITC16. [Google Scholar] [CrossRef] [Scilit]

	



Elbahlawan, L.; Galdo, A.M.; Ribeiro, R.C. Pulmonary manifestations of hematologic and oncologic diseases in children. Pediatr. Clin. N. Am. 2021, 68, 61–80. [Google Scholar] [CrossRef] [Scilit]

	



Piel, F.B.; Hay, S.I.; Gupta, S.; Weatherall, D.J.; Williams, T.N. Global burden of sickle cell anaemia in children under five, 2010–2050: Modelling based on demographics, excess mortality, and interventions. PLoS Med. 2013, 10, e1001484. [Google Scholar] [CrossRef] [Scilit]

	



Regional Committee for Africa, 60. Sickle-Cell Disease: A Strategy for the WHO African Region. Available online: https://apps.who.int/iris/handle/10665/1682 (accessed on 2 June 2021).

	



Oniyangi, O.; Omari, A.A. Malaria chemoprophylaxis in sickle cell disease. Cochrane Database Syst. Rev. 2006. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Wang, W.C.; Ware, R.E.; Miller, S.T.; Iyer, R.V.; Casella, J.F.; Minniti, C.P.; Rana, S.; Thornburg, C.D.; Rogers, Z.R.; Kalpatthi, R.W.; et al. Hydroxycarbamide in very young children with sickle-cell anaemia: A multicentre, randomised, controlled trial (BABY HUG). Lancet 2011, 377, 1663–1672. [Google Scholar] [CrossRef] [Scilit]

	



Kinney, T.R.; Helms, R.W.; O’Branski, E.E.; Ohene-Frempong, K.; Wang, W.; Daeschner, C.; Vichinsky, E.; Redding-Lallinger, R.; Gee, B.; Platt, O.S.; et al. Safety of hydroxyurea in children with sickle cell anemia: Results of the HUG-KIDS study, a phase I/II trial. Blood J. Am. Soc. Hematol. 1999, 94, 1550–1554. [Google Scholar]

	



Lanzkron, S.; Strouse, J.J.; Wilson, R.; Beach, M.C.; Haywood, C.; Park, H.; Witkop, C.; Bass, E.B.; Segalet, J.B. Systematic review: Hydroxyurea for the treatment of adults with sickle cell disease. Ann. Int. Med. 2008, 148, 939–955. [Google Scholar] [CrossRef] [Scilit]

	



McAuley, C.F.; Webb, C.; Makani, J.; Macharia, A.; Uyoga, S.; Opi, D.H.; Ndila, C.; Ngatia, A.; Scott, J.A.G.; Marsh, K.; et al. High mortality from Plasmodium falciparum malaria in children living with sickle cell anemia on the coast of Kenya. Blood 2010, 116, 1663–1668. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Makani, J.; Komba, A.N.; Cox, S.E.; Oruo, J.; Mwamtemi, K.; Kitundu, J.; Magesa, P.; Rwezaula, S.; Meda, E.; Mgaya, J.; et al. Malaria in patients with sickle cell anemia: Burden, risk factors, and outcome at the outpatient clinic and during hospitalization. Blood 2010, 115, 215–220. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Awotua-Efebo, O.; Alikor, E.A.; Nkanginieme, K.E. Malaria parasite density and splenic status by ultrasonography in stable sickle-cell anaemia (HbSS) children. Niger. J. Med. 2004, 13, 40–43. [Google Scholar] [PubMed]

	



Adjei, G.O.; Goka, B.Q.; Enweronu-Laryea, C.C.; Rodrigues, O.P.; Renner, L.; Sulley, A.M.; Alifrangis, M.; Khalil, I.; Kurtzhals, J.A. A randomized trial of artesunate-amodiaquine versus artemether-lumefantrine in Ghanaian paediatric sickle cell and non-sickle cell disease patients with acute uncomplicated malaria. Malar. J. 2014, 13, 369. [Google Scholar] [CrossRef] [Scilit]

	



Brousse, V.; Buffet, P.; Rees, D. The spleen and sickle cell disease: The sick(led) spleen. Br. J. Haematol. 2014, 166, 165–176. [Google Scholar] [CrossRef] [Scilit]

	



Bach, O.; Baier, M.; Pullwitt, A.; Fosiko, N.; Chagaluka, G.; Kalima, M.; Pfister, W.; Straube, E.; Molyneux, M. Falciparum malaria after splenectomy: A prospective controlled study of 33 previously splenectomized Malawian adults. Trans. R. Soc. Trop. Med. Hyg. 2005, 99, 861–867. [Google Scholar] [CrossRef] [Scilit]

	



Charache, S.; Terrin, M.L.; Moore, R.D.; Dover, G.J.; Barton, F.B.; Eckert, S.V.; McMahon, R.P.; Bonds, D.R. Effect of hydroxyurea on the frequency of painful crises in sickle cell anemia. N. Engl. J. Med. 1995, 332, 1317–1322. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Pino, P.; Taoufiq, Z.; Brun, M.; Tefit, M.; Franetich, J.F.; Ciceron, L.; Krishnamoorthy, R.; Mazier, D. Effects of hydroxyurea on malaria, parasite growth and adhesion in experimental models. Parasite Immunol. 2006, 28, 675–680. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Billig, E.M.; McQueen, P.G.; McKenzie, F.E. Foetal haemoglobin and the dynamics of paediatric malaria. Malar. J. 2012, 11, 396. [Google Scholar] [CrossRef] [Scilit]

	



Amaratunga, C.; Lopera-Mesa, T.M.; Brittain, N.J.; Cholera, R.; Arie, T.; Fujioka, H.; Keefer, J.R.; Fairhurst, R.M. A role for fetal hemoglobin and maternal immune IgG in infant resistance to Plasmodium falciparum malaria. PLoS ONE 2011, 6, e14798. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Mmbando, B.P.; Mgaya, J.; Cox, S.E.; Mtatiro, S.N.; Soka, D.; Rwezaula, S.; Meda, E.; Msaki, E.; Snow, R.W.; Jeffries, N.; et al. Negative Epistasis between Sickle and Foetal Haemoglobin Suggests a Reduction in Protection against Malaria. PLoS ONE 2015, 10, e0125929. [Google Scholar]

	



Hankins, J.S.; Helton, K.J.; McCarville, M.B.; Li, C.S.; Wang, W.C.; Ware, R.E. Preservation of spleen and brain function in children with sickle cell anemia treated with hydroxyurea. Pediatr. Blood Cancer 2008, 50, 293–297. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Nottage, K.A.; Ware, R.E.; Winter, B.; Smeltzer, M.; Wang, W.C.; Hankins, J.S.; Dertinger, S.D.; Shulkin, B.; Aygun, B. Predictors of splenic function preservation in children with sickle cell anemia treated with hydroxyurea. Eur. J. Haematol. 2014, 93, 377–383. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Opoka, R.O.; Ndugwa, C.M.; Latham, T.S.; Lane, A.; Hume, H.A.; Kasirye, P.; Hodges, J.S.; Ware, R.E.; John, C.C. Novel use of hydroxyurea in an African region with malaria (NOHARM): A trial for children with sickle cell anemia. Blood 2017, 130, 2585–2593. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Tshilolo, L.; Tomlinson, G.; Williams, T.N.; Santos, B.; Olupot-Olupot, P.; Lane, A.; Aygun, B.; Stuber, S.E.; Latham, T.S.; McGann, P.T.; et al. Hydroxyurea for children with sickle cell anemia in Sub-Saharan Africa. N. Engl. J. Med. 2019, 380, 121–131. [Google Scholar] [CrossRef] [Scilit]

	



Roux, A.T.; Maharaj, L.; Oyegoke, O.; Akoniyon, O.P.; Adeleke, M.A.; Maharaj, R.; Okpeku, M. Chloroquine and Sulfadoxine-Pyrimethamine Resistance in Sub-Saharan Africa—A Review. Front. Genet. 2021, 12, 668574. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Diop, S.; Soudré, F.; Seck, M.; Guèye, Y.B.; Diéye, T.N.; Touré Fall, A.O.; Sall, A.; Thiam, D.; Diakhaté, L. Sickle-cell disease and malaria: Evaluation of seasonal intermittent preventive treatment with sulfadoxine-pyrimethamine in Senegalese patients. A randomized placebo-controlled trial. Ann. Hematol. 2011, 90, 23–27. [Google Scholar] [CrossRef] [Scilit]

	



Nakibuuka, V.; Ndeezi, G.; Nakiboneka, D.; Ndugwa, C.M.; Tumwine, J.K. Presumptive treatment with sulphadoxine-pyrimethamine versus weekly chloroquine for malaria prophylaxis in children with sickle cell anaemia in Uganda: A randomized controlled trial. Malar. J. 2009, 8, 237. [Google Scholar] [CrossRef] [Scilit]

	



Eke, F.U.; Anochie, I. Effects of pyrimethamine versus proguanil in malarial chemoprophylaxis in children with sickle cell disease: A randomized, placebo-controlled, open-label study. Curr. Ther. Res. Clin. Exp. 2003, 64, 616–625. [Google Scholar] [CrossRef] [Scilit]

	



Frimpong, A.; Thiam, L.G.; Arko-Boham, B.; Owusu, E.D.A.; Adjei, G.O. Safety and effectiveness of antimalarial therapy in sickle cell disease: A systematic review and network meta-analysis. BMC Infect. Dis. 2018, 18, 650. [Google Scholar] [CrossRef] [Scilit]

	



Makani, J.; Ofori-Acquah, S.F.; Nnodu, O.; Wonkam, A.; Ohene-Frempong, K. Sickle cell disease: New opportunities and challenges in Africa. Sci. World J. 2013, 2013, 193252. [Google Scholar] [CrossRef] [Scilit] [PubMed]








 





Table 1. Blood examination results for this child during the first and second admissions.






Table 1. Blood examination results for this child during the first and second admissions.





	

	
First Admission

	
Second Admission




	
Day 1

	
Day 2

	
Day 3

	
Day 5

	
Day 7

	
Day 8

	
Day 12






	
Blood exams

	
Artesunate IV

	
Oral artemether/

lumefantrine

	
Quinine IV




	
WBC, cells/µL

	
11,400

	
13,300

	
17,700

	
38,100

	
27,400

	
24,800

	
9500




	
Neutrophils

	
3800

	
7200

	
5300

	
19,800

	
16,300

	
7900

	
4700




	
Lymphocytes

	
6900

	
5000

	
10,700

	
17,000

	
8500

	
15,300

	
4100




	
Hb, g/dL

	
7

	
6.6

	
6.5

	
6.1

	
9

	
9.1

	
9.0




	
Platelet count, cells/µL

	
213,000

	
199,000

	
231,000

	
401,000

	
503,000

	
410,000

	
576,000




	
CRP, mg/dL

	
12

	

	
24

	
6

	
96

	
48

	




	
ALT, UI/L

	
59

	

	

	
49

	

	

	




	
AST, UI/L

	
33

	

	

	
35

	

	

	




	
LDH, U/L

	
625

	

	

	
1522

	

	

	




	
Bilirubin, mg/dL

	
1.2

	

	

	
1.0

	

	

	




	
Blood smear for malaria

	
Positive for P. falciparum (++++)

	

	
Negative

	
Positive for

P. falciparum (++)

	

	

	
Negative








AST, aspartate aminotransferase; CRP, C-reactive protein; Hb, haemoglobin; LDH, lactate dehydrogenase; WBC, white blood cell; ++++, more than 10 parasites per single oil-immersion thick film field; ++, 1–10 asexual parasites per 100 oil-immersion thick film fields.
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