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Abstract

Background: Thrombocytopenia (platelets counts < 100,000/mm?) is predictive of death in African children with falciparum malaria
exposed to low seasonal transmission. However, the impact of this indicator on malaria severity was not fully addressed.

Method: We compared platelet counts according to multiple indicators of malaria severity including 1990 and 2000 World Health
Organization (WHO) criteria, 24-hour Pediatric Risk of Mortality (PRISM) score, 24-hour Paediatric Logistic Organ dysfunction
(PELOD) score, and Major Therapeutic Procedures (MTPs), defined as requirement for mechanical ventilation, hemodynamic support,
blood transfusion, hemodialysis, or use of sedatives drugs. We next assessed the discriminatory performance of thrombocytopenia, alone
or together with a combination of WHO 2000 criteria in predicting these outcomes.

Result: Children fulfilling both WHO definitions of severe malaria had lower mean platelet counts than mild cases in accordance with
both (129,000 versus 173,000/mm? P<0.001). Thrombocytopenic children had higher mean PRISM, , and PELOD, ,, admission scores
than non-thrombocytopenic counterparts (5.8 versus 4.6; P<0.01; 6.2 versus 4.6; P<0.001, respectively). They did not need more MTPs
(63.0% vs 52.6%, P=0.07). Among 288 children, the combination of impaired consciousness, respiratory distress, or thrombocytopenia,
had the same discriminatory performance in predicting outcome than WHO 2000 criteria (sensitivity, 100%, specificity, 28%, positive
predictive value, 80%, negative predictive value, 100%).

Conclusion: Thrombocytopenia is an indicator of life-threatening malaria and should therefore be proposed as additional marker of
severity, especially in non-immune African children.
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Introduction

Thrombocytopenia defined for European populations as a platelet count lower than 150,000/mm? is a common finding among
children with falciparum malaria [1-3]. The lower limit of the normal platelet count in African populations has been defined
at 100,000/mm”® with a normal range of 100-300,000/mm® Defined at a value less than 100,000/mm?, thrombocytopenia occurs
relatively infrequently in cases of acute malaria but this cut-off was shown of great prognostic relevance in a cohort study of
288 Senegalese children exposed to low seasonal transmission [4-6]. Thus, in this previous study was demonstrated a strong
independent association between thrombocytopenia in-hospital mortality (odd ratio 13.3) along with inverse correlations between
platelet counts and age, or between platelets and parasitemia, as well as associations between thrombocytopenia and several organ
dysfunctions (such as respiratory distress or cerebral malaria). In addition, the prognostic value of thrombocytopenia was also
found in children requiring endotracheal intubation for life-threatening malaria in the same area [7]. However, these data lacked
both internal and external validity. On the one hand, the prognostic value of each severe malaria criterion is inconsistent across
the different levels of transmission and needed to be gauged with different tools assessing disease severity irrespective of the
WHO definition, such as broadly used generic severity scores and organ dysfunction scores. On the other hand, the relationship
between thrombocytopenia and severe malaria (SM) is still controversial in other settings [8-11]. Furthermore, HIV infection
and quinine may confound this relationship, both being associated with SM (as risk factor or treatment) and classical causes of
thrombocytopenia [12-14].
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In the present study, we sought to add internal validity to our previous findings by studying the relationships between platelet
counts and SM using two broadly used pediatric scoring systems and the WHO criteria for benchmarking the definition of SM.

Patients and Methods

The study took place in the pediatric department of the “Hépital Principal’, a tertiary care hospital in Dakar, Senegal, from October
1, 1997 to March 31, 1999. This setting is exposed to a low seasonal transmission, i.e., entomological inoculation rates < 1 infective
bite per person per year [15]. Informed consent was obtained from first-degree relatives (parents or tutors with legal authority),
according to the recommendations of the institutional board. The data collection, as detailed previously, was prospective [6]. All
children (0-15 years old) with clinical signs of malaria, a Plasmodium falciparum positive blood film and a valid admission platelet
count were enrolled in the study.

Platelets were counted from a whole blood sample by ST KS® Coultronics automaton. In case of severe thrombocytopenia (platelets
< 20,000/mm?®) or clinical hemorrhage, controls on citrate tube and blood coagulation tests (for prothrombin time, partial
thromboplastin time, and fibrinogen) were performed on manual chronometric tests.

Malaria severity was assessed according to World Health Organization (WHO) definitions [16,17]. In accordance, children
tulfilling both definitions were classified as ‘severe, those matching only the 2000 WHO criteria were classified as ‘moderate], those
with no WHO criterion according to both definitions were classified as ‘mild’ [18].

The Pediatric Risk of Mortality (PRISM) is a widely recognized scoring system aimed at predicting death in children [19]. It is
independent of platelet counts. It was prospectively assessed in this study and previously shown as discriminant as the 2000 WHO
criteria (AUC 0.89 95% CI 0.82-0.95 versus 0.84 95% CI 0.81-0.90) [18,20].

The Pediatric Logistic Organ dysfunction (PELOD) is the first organ dysfunction score, developed and validated in children [21].
It is derived from the PRISM variables completed by data on liver enzymes, white blood cells count and mechanical ventilation. It
integrates platelet counts without significant influence on its calculation. In this study, it was calculated retrospectively from the
prospective dataset.

Major therapeutic procedures (MTPs), based on supplies available in Dakar, have been previously defined as mechanical ventilation,
hemodynamic support, blood transfusion, hemodialysis, and use of sedatives drugs, e.g., phenobarbital, diazepam, clonazepam
and thiopental [18]. MTPs had been used previously to evaluate malaria severity in Senegalese children [18]. More recently, they
were used as surrogate marker of life-threatening malaria in a French national study covering more than 6,000 imported cases over
a decade [22].

We successively explored the relationships between platelet counts and malaria severity, using WHO classification, the Pediatric
Risk of Mortality (PRISM) score, the PELOD score, both assessed within 24 hours (h24) and MTPs

First, we compared in-hospital mortality according to malaria severity groups (mild versus moderate, moderate versus severe)
and categories of admission platelet counts (thrombocytopenic, platelets < 100,000/mm?® versus non-thrombocytopenic, platelets
> 100,000/mm?®) using Chi square tests. Second, we compared between the same groups, mean admission platelet counts, mean
PRISMh24 score and mean PELOD, , score, using two sample Mann-Whitney tests. Third, we compared the proportions of
children requiring MTPs in the same manner using Chi square tests.

We next assessed the discriminatory performance of thrombocytopenia (platelet count < 100,000/mm?) in predicting death, alone
or together with impaired consciousness (Blantyre coma score < 5) or respiratory distress (sustained lower chest wall recession
or deep acidotic breathing), or with both conditions. Accordingly, we calculated the sensitivity, specificity, positive and negative
predictive values of these combinations in predicting outcome and compared their performance to that of the WHO 2000 criteria
[18].

These analyses were performed using Stata® (Stata Statistical Software: release 7; StataCorp. 2001). Odds ratios (OR) and 95%
confidence intervals (CI) were given. A P value < 0.05 was considered statistically significant.

Results

During the study period, 319 consecutive children were admitted with falciparum malaria, of whom eight with mild malaria were
excluded due to missing data, 23 of whom were excluded due to absence of platelet counts (two deaths, mean PRISM _, score: 5.7),
leaving 288 children for inclusion (mean PRISM _,, score: 5.2 + 6.5).

Of 288 pediatric falciparum cases, 154 (53.5%) had been treated with an anti-malarial drug prior to admission, 114 (39.5%) of
whom had received quinine injections. 215 children (74.6%) had SM according to the WHO 2000 criteria, and 73 (25.4%) had a
mild form. Outcome was recovery without sequelae (n=249; 86.5%) or with neurologic sequelae upon discharge (n=13; 4.5%), or
death (n=26; 9.0%).
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Children who had been treated with quinine had comparable platelet counts than untreated counterparts (geometric means,
141,000 versus 152,000/mm?).

Children classified severe by both WHO definitions had lower mean platelet counts than children classified mild by both WHO
definitions (mean platelet count: 129,000 versus 173,000/mm?, P<0.001) (Table 1).

Severity categories Mild Moderate Severe
WHO classification mild 1990 mild 1990 severe 1990
& Platelet counts 2000 & & & <100 > 100
(x1000/ mm?) mild 2000 severe 20009 severe 2000
Patients 215 73 70 145 138 150
Fatality Rates (%) 12.0 0 0 17.9 15.9 2.7
P values* <.0001° <.0001¢
Platelets (x1000/ mm?®) Mean 131 173 135 129 - -
95% CI 123-138 142-203 112-157 116-141 - -
P values** <.001* N.S.°
PRISM score Mean 6.5 1.2 1.8 8.8 5.8 4.6
95% CI 5.5-7.3 0.8-1.5 1.2-2.4 7.8-9.4 4.8-6.3 3.9-54
P values** N.S.® <.0001° <.01¢
PELOD score Mean 6.4 2.3 34 7.9 6.2 4.6
95% CI 5.9-6.9 1.5-3.1 24-44 6.9-9.0 5.3-7.1 3.8-5.3
P values** <.01* <.0001° <.001¢
156 10 29 127 87 79
0
M.T.P use % 73 14 41 88 63 53
P values* <.001° <.0001° N.S¢

* Chi square or ** Mann-Whitney tests comparing proportions or geometric means, as appropriate: *mild cases according to both WHO
definitions versus cases considered mild according to ‘1990 WHO’ and severe according to 2000 WHO?; ® cases considered mild according
to ‘1990 WHO’ and severe according to 2000 WHO’ versus severe cases according to both WHO definitions; ¢ thrombocytopenic versus non
thrombocytopenic children. According to PELOD score, this group should therefore be considered as a moderate form of acute malaria

N.S.: non significant

Table 1: Malaria severity according to 1990 and 2000 WHO definitions evaluated using fatality rates, platelet count, Paediatric Risk of Mortality
(PRISM) and Paediatric Logistic Organ Dysfunction (PELOD) scores, and Major Therapeutic Procedures (MTPs) as endpoints (n=288)

Thrombocytopenia (platelet count < 100,000/mm?®) was not more likely in children classified severe with both definitions than in
children classified mild with both definitions (52.4% versus 38.3%, P=0.05), irrespective of quinine use. Under these conditions
of prevalence and recruitment of SM, it would have required 251 and 126 subjects in both groups to make this difference reach
statistical significance with a power of 80% (B=0.20 and a=0.05, one-sided test). Ditto, thrombocytopenia could not discriminate
between severe and moderate malaria, or between moderate and mild malaria (data not shown).

Several WHO 2000 criteria were associated with thrombocytopenia: impaired consciousness (OR, 2.0; 95% CI, 1.2-3.3, P<0.02),
respiratory distress (OR, 1.7; 95% CI, 1.1-3.0, P<0.04), jaundice (OR, 4.1; 95% CI, 2.0-8.7, P<0.0001), hyperparasitemia (OR, 2.9;
95% CI, 1.3-6.5, P<0.01) and hemoglobinuria (OR, 5.1; 95% CI, 1.1-35.7, P<0.03). Thrombocytopenia did not increase the risk of
metabolic acidosis (OR, 1.65; 95% CI, 0.8-3.4) or abnormal bleeding (OR, 5.6; 95% CI, 0.6-130.5).

Thrombocytopenic children had higher admission PRISM24 and PELOD24 scores than non-thrombocytopenic peers (mean
scores, 5.8 vs 4.6; 6.2 vs 4.6; P<0.01 and P<0.001, respectively). They did not need more MTPs (63.0% vs 52.6%, P=0.07) (Table
1). Under this prevalence of malarial thrombocytopenia, it would have required 285 and 310 subjects in both groups to find
thrombocytopenic children needed more MTPs than non-thombocytopenic children, with a power of 80% ($=0.20, a=0.05, one-
sided test).

The prevalence, overlap and mortality associated with the combination of impaired consciousness, respiratory distress syndrome,
and thrombocytopenia, the three most common conditions in Dakar, a low seasonal transmission area, are shown in Figure 1
[6,14].

Of 215 severe cases, 28 children had no impaired consciousness, respiratory distress syndrome, or thrombocytopenia (overlap
of the three indicators: 87.0%) whereas out of thrombocytopenic children (n=138), only 28 had no WHO criterion (overlap:
79.7%). For this purpose, the overlap of these three variables was predictive of more than half of the deaths observed (n=15/26),
and associated with an in-hospital mortality of 38.5%. Of the 26 children who died, only one, who had impaired consciousness,
did not present at least two of these indicators. The presence of two indicators predicted 10 deaths with an in-hospital mortality
comprised between 8.3% and 15.4%, the worse prognosis being observed with the overlap of impaired consciousness and
thrombocytopenia (in-hospital mortality: 15.4%). Among 288 children, the combination of impaired consciousness, respiratory
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distress, or thrombocytopenia, had the same discriminatory performance in predicting outcome than the 15 WHO 2000 criteria
joined together (sensitivity, 100%, specificity, 28%, positive predictive value, 80%, negative predictive value, 100%). In comparison,
the WHO 1990 criteria were twice more specific and therefore performed better in predicting survival (sensitivity, 100%, specificity,
55%, positive predictive value, 69%, negative predictive value, 100%).

Malaria with Malaria with thrambocytopenia*
iy 139 172%
conscunsness

{146) 17.0%

malaria without

impaired consciousness,

thrombocytopenda, or

respiratory distress Malaria with respiratory distress
(73)0% (9)213%

Total numbers are given in parentheses and related lethality is given as a percentage.

*This circle features malaria cases with WHO (2000) criteria excluding those with impaired consciousness or
respiratory distress (n=48, 20 of whom are thrombocytopenic, overlap 41.7%, lethality 0%)

Figure 1: Numbers, overlap and mortality of the three commonest conditions affecting outcome of 215 severe

malaria cases among 288 children hospitalized in Dakar, Senegal

Discussion

In this study, we addressed the question of malaria severity in children, using in turn 1990 or 2000 WHO criteria or a combination
of both, to define severe malaria.

Over the last two decades, there have been many attempts to assess SM in children, most of these being performed in countries
with moderate-to-high endemicity [23-25]. The conclusions of these studies question the validity of the WHO criteria for all
settings and constitute major impetus for clinical redefinition of severe pediatric malaria.

For instances, in Kilifi, Kenya (0-69 infective bites per person per year), Marsh et al. showed that 1990 WHO criteria failed to
identify high-risk children and could be advantageously replaced by simple bedside assessments of impaired consciousness and
respiratory distress [23]. In Ifakara, Tanzania (> 300 infective bites per person per year), Schellenberg, et al. stressed the relevance
of dehydration as well as of different respiratory and neurologic distress features [25].

In Dakar, Senegal (< 1 infective bite per person per 10 years) where children are considered as non-immune, we found both
WHO definitions accurate to select high-risk patients (e.g., sensitivity, 100%, positive predictive values, 69 to 80%), but their lack
of specificity (28 to 55%) questioned the need for reducing false positives, (i.e., children meeting criteria not associated with in-
hospital mortality), to restrict quinine use and spare intensive cares. To investigate this issue, we evaluated 1990 and 2000 WHO
definitions, using fatality rates, PRISM and PELOD scores, and MTPs. Noteworthy, only the 1990 WHO criteria were associated
with mortality. Interestingly, the PELOD could better discriminate than the PRISM between mild and moderate forms, which is
coherent with the known superiority of organ dysfunction scores over generic severity scores in malaria, as shown recently with
the Lambarene Organ Dysfunction Score (LODS), compared with the Signs of inflammation in children that kill (SICK) and the
Pediatric Early Death Index for Africa (PEDIA) [26]. As expected, both children classified ‘severe’ or ‘moderate’ required ICU
resources and the need for MTPs increased within the severity range, classified into mild, moderate and severe categories.

In the present study, we also go deeper in the understanding of the relationship between low platelet counts (<150,000/mm?) and
SM found in our previous study [6]. Thus, according to WHO classifications, platelet counts were lower in severe than in mild
malaria and thrombocytopenia (platelets <100,000/mm?), though not significantly, tended to be more common in the former
group. Importantly, platelet counts correlated with PRISM score, a generic severity score that do not integrate platelet count in its
calculation, and with PELOD score, a score aimed at predicting multiple organ dysfunction (MOD) in children [20,21]. This latter
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finding may be explained by the possible association between thrombocytopenia and several WHO criteria that may reflect an
endothelial activation as observed in the MOD syndrome, e.g., impaired consciousness with activation of brain microcirculation,
respiratory distress with pulmonary vascular dysfunction, jaundice with hepatic dysfunction, respectively. However, whether
platelets are critical effectors of SM pathogenesis and thrombocytopenia a marker of endothelial activation or a mere indicator
of SM, remain to be elucidated in our children [27-28]. Indeed, the role of platelets in malaria is likely dual. On the one hand,
platelet may have a protective function in the early stages of erythrocytic infection by killing malarial parasites [29]. In addition,
thrombocytopenia may mediate disease severity through reduced transforming growth factor f1 (TGFpP1) and regulation of pro-
inflammatory and anti-inflammatory cytokines [30]. On the other hand, platelets undergo microvesiculation and interact at the
brain-endothelial cell surface with parasitized red blood cells (PRBCs) to induce PRBC clumping, an adhesive phenotype associated
with SM, and especially with cerebral malaria [28,31]. In this situation, thrombocytopenia was shown protective by reducing PRBC
clumping, while HIV infection increased platelet accumulation in brain microvessels [32,33]. Surprisingly, thrombocytopenic
children did not require more MTPs than non-thrombocytopenic children, which is not in keeping with the findings of the recent
French National study on severe imported malaria [22].

Although, the purpose of this study was not to determine the mechanisms of malarial thrombocytopenia, it should be objected
that some of the thrombocytopenia observed in Dakar could be induced by quinine and that this drug adverse event might have
partly skewed the analysis. Indeed, thrombocytopenia is a classical complication of quinine that is sometimes associated with
harmful effects [12]. However, children treated with quinine prior to hospitalization had comparable platelet levels than untreated
counterparts. Besides, thrombocytopenia wasn’t more frequent in treated children, irrespective of the category of malaria severity.
Therefore, the general sense of our results is unlikely to be affected by quinine-induced thrombocytopenia.

In Kenya, the study of blood components in children with falciparum malaria failed to demonstrate any link between
thrombocytopenia and SM or lethality [7]. However albeit fivefold more important, this study suffered from several weaknesses,
both in design and analysis, i.e., no control of confounders such as iron deficiency (ruled out in our previous work), low in-hospital
mortality hindering the detection of differences between survivors and non-survivors, pooled analysis of SM rather than per
clinical forms [6].

Ditto the study of Moulin et al. suffered from the same limitation, i.e., only four deaths among 234 cases, and of the choice of SM,
a surrogate variable, as outcome measure rather than death [9,34].

Interestingly, our precursor results are now in keeping with those of very large study conducted in Papua, Indonesia (> 200,000
patients), which showed that severe malarial thrombocytopenia (platelets < 50,000/mm?) was associated with an independent risk
of death, alone (adjusted OR 2.77; 95% CI 2.20 - 3.48) or together with severe malarial anemia (adjusted OR 13.76; 95% CI 10.22
- 18.54) [25].

HIV infection may constitute a significant bias in countries with 10 p. cents or more HIV prevalence [8]. Nonetheless, it was not
the case for Senegal during the study period, since the HIV prevalence for children was estimated less than 0.1 p. cent in the 1990’s
and AIDS was diagnosed in less than 0.2 p. cent of our children [35,36].

Another important issue of this survey is the overlap between thrombocytopenia and the two other leading conditions associated
with malaria (i.e., impaired consciousness and respiratory distress), which had the same sensitivity and negative predictive value in
assessing the outcome than fifteen WHO (2000) criteria joined together. A great sensitivity and a high negative predictive value are
required to ensure the triage of SM cases at the district level. Finally, in Dakar, the impact of assessing platelet counts in pediatric
malaria led to simplify both diagnosis and prognosis of SM.

In conclusion, in the low transmission area of Dakar, Senegal, both 1990 and 2000 WHO definitions were suitable to detect high-
risk children with SM. Furthermore, thrombocytopenia, defined as a platelet count lower than 100,000/mm?, was a useful indicator
of life-threatening malaria. Also, despite the absence of robust association between thrombocytopenia and SM (as defined by
WHO criteria) owing to a lack of statistical power, the inverse correlation between admission platelet counts and two pediatric
scoring systems of illness severity encourages us to consider thrombocytopenia as an additional marker of malaria severity in non-
immune African children.
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