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Abstract

A common clinical presentation of Plasmodium falciparum is parasitemia complicated by an
encephalopathy for which other explanations cannot be found, termed cerebral malaria—an
important cause of death in young children in endemic areas. Our objective was to study hepatic
histopathology in Malawian children with fatal encephalopathy, with and without P falciparum
parasitaemia, in order to assess the contributions of severe malaria. We report autopsy results from
a series of 87 Malawian children who died between 1996 and 2008. Among 75 cases with P
falciparum parasitaemia, 51 had intracerebral sequestered parasites, while 24 without sequestered
parasites had other causes of death revealed by autopsy including 4 patients with
clinicopathological findings which may represent Reye’s Syndrome. Hepatic histology in
parasitaemic cases revealed very limited sequestration of parasites in hepatic sinusoids, even in
cases with extensive sequestration elsewhere, but increased numbers of hemozoin-laden Kupffer
cells were invariably present with a strong association with histological evidence of cerebral
malaria by quantitative analysis. Of 12 patients who were consistently aparasitaemic during their
fatal illness, 5 had clinicopathological findings which may represent Reye’s Syndrome. Hepatic
sequestration of parasitized erythrocytes is not a feature of fatal malaria in Malawian children, and
there is no structural damage in the liver. Reye’s syndrome may be an important cause of fatal
encephalopathy in children in Malawi with and without peripheral parasitemia and warrants close
scrutiny of aspirin use in malaria endemic areas.
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Introduction

Malaria is one of the world’s major infectious causes of morbidity and mortality. It can
cause severe disease often manifested by coma and seizures, designated cerebral malaria
(CM). The liver histopathology in malaria has not been systematically studied in African
children. Previous investigations have been in adults from the western world or India [1-4].
Jaundice associated with malaria infections, a relatively common clinical finding in adults in
India has been attributed to ‘malarial hepatitis’[1-5]. Spitz reported parasitized red blood
cells (PRBCs) in liver sinusoids and infrequent hepatocyte necrosis in fatal malaria in adult
American soldiers in World War 11 [6].

We studied the histological features of the liver in Malawian children dying of
encephalopathic syndromes. We included a quantitative assessment both of sequestered
parasites and of the size and distribution of granules of hemozoin pigment, a by-product of
the consumption of hemoglobin by malaria parasites. Our aim was to assess hepatic changes
associated with severe malaria and describe pathological changes in pediatric comatose
patients in this context. We report the histopathology of the liver in Malawian children who
died of an encephalopathic illness between 1996 and 2008 in Blantyre, Malawi.

Materials and Methods

This study was reviewed and approved by The University of Malawi College of Medicine
Research and Ethics Committee, and by the ethics committees of the University of
Liverpool and Michigan State University. The patients were all admitted to the Blantyre
Malaria Project as part of an ongoing study of the clinicopathological features of cerebral
malaria. All patients were evaluated with comprehensive historical, physical and laboratory
examinations. Patients with documented parasitemia were treated with intravenous quinine.
When clinically indicated, patients were given antipyretics, glucose, anticonvulsive drugs,
crystalloid infusions, antibiotics, blood transfusion and other supportive therapies. No
salicylate containing compounds were used in the hospital. A history of drug use including
salicylates was sought. A full post-mortem examination was performed by a pathologist and
all tissue samples were fixed in 10% neutral buffered formalin, embedded in paraffin,
sectioned at 3 — 6 microns and stained with hematoxylin and eosin. Histology samples for
the present study (see details below) were evaluated by two pathologists (RW and DM).
Liver slides were also evaluated by a hepatopathology specialist (MMY).

Hepatic histology was available and examined in all patients who had an autopsy performed
and was interpreted in the context of the full histological analysis of cases including brain,
heart, lung, genitourinary system, spleen/lymph nodes, gastrointestinal tract, endocrine
organs, and soft tissue. Cases were classified as cerebral malaria (CM) if the patient met the
clinical case definition of cerebral malaria (Blantyre Coma Score < 2, parasitemia, and no
other cause of coma including meningitis, hypoglycemia, and post-ictal state) and were
found to have parasite sequestration in the brain at autopsy without other evidence of
anatomic cause of death. Cases were classified as ‘Other’ if they met the clinical case
definition of cerebral malaria, but had no evidence of parasite sequestration in the brain at
autopsy, and were found to have another anatomic cause of death. Cases were classified as
‘Aparasitemic’ if they presented in a coma without parasitemia (i.e., did not meet the full
clinical case definition of cerebral malaria). Cases were considered to have
clinicopathological findings which may represent Reye’s Syndrome if the liver histology
showed microvesicular fatty liver (with at least 50% of fatty hepatocytes showing very fine
or small fat droplets rather than a single cytoplasm-filling or ‘macrovesicular’ fat droplet),
with little or no hepatic inflammation or necrosis.
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Liver histopathological changes were graded as absent (0) or, if present, on a scale of 1 to 4
and included the presence of parasites (i.e., intraerythrocytic circulating parasites and
sequestered parasites), inflammation, necrosis, steatosis, degenerative changes, and Kupfer
cell patterns.

A subset of patients (n = 47) were analyzed quantitatively for the size and area occupied by
pigment within the liver; these included 20 CM, 21 Other, and 6 Aparasitemic patients.
Histological slides of liver (hematoxylin and eosin stained 6 um sections) were polarized
using a two filter system (U-ANT and U-POT T2 Filters) on a standard light microscope
(BX41TF Microscope, Olympus Corporation, Tokyo, Japan). For the liver parenchyma with
central vein (centered), three random 200x fields were photographed under ultra bright
conditions (Light intensity = 6; Exposure = 106 ms) using a digital microscope camera (Q
Color 3, Olympus America, Inc.). For the liver portal areas with a portal triad (centered),
three random 400x fields were photographed under ultra bright conditions (Light intensity =
6; Exposure = 233 ms) with the same camera. Within ImageJ, each image was split into
three channels and the red channel was analyzed because the pigment under the above
conditions appears primarily bright red to white. An automated macro within ImageJ was
written which performed the following functions for each image: a) set a standard threshold
for each image (central vein = 46,255, portal triad = 57, 255), b) partitioned an area of the
field, c) analyzed particles for size and area, d) repeated b & ¢ 9 times for a total of 10
different partitions (with overlap). The thirty measurements (i.e., 3 images x 10 partitions/
image) for size of particles and area occupied by particles of each case were averaged and a
standard deviation was calculated. All measurements and calculations were carried out
blinded to the final diagnosis. A logistic regression model with diagnostic category (CM vs.
non-CM) as the outcome was constructed to determine the association of the average area of
polarized pigment in the parenchyma around the central vein including platelet count
(quartiles), the duration of fever before admission, and the hematocrit as confounders.

Plasma salicylate assays were performed by spectrophotometry on Beckman Synchron LX
or CX chemistry analyzers using the timed endpoint method where salicylate hydrozylase
catalyzes the conversion of salicylate and NADH to catechol and NAD in the presence of
oxygen.

We conducted autopsies on 99 children between 6 and 156 months of age (Figure 1).
Autopsies were performed from 1.5 to 17.5 hours after death. We excluded 12 cases from
further analysis because the patients either had an inadequate clinical diagnosis or were
never comatose, and we here report on the remaining 87 cases. Of these, 75 had P
falciparum parasitaemia on admission to hospital and fulfilled the clinical criteria defining
cerebral malaria, and the other 12 had been comatose but consistently aparasitaemic during
the illness. At autopsy histopathological examination revealed sequestered parasites within
cerebral microvasculature in 51 cases, all of whom were parasitaemic during life. In these
cases no alternative cause of death was revealed by autopsy, and we considered the final
diagnosis to be fatal CM. In a further 24 cases with parasitaemia, there were no sequestered
parasites in the brain and a cause of death other than malaria was found (classified as
‘Other’) with the exception of 4 patients which had only clinicopathological findings which
may represent Reye’s Syndrome. Among the 12 without parasitaemia (‘Aparasitemic’
group), none had intracerebral sequestration of P falciparum, and in all of these another
anatomic cause of death was found with the exception of 5 which had only
clinicopathological findings which may represent Reye’s Syndrome. A summary of the
clinical and laboratory features of the three diagnostic groups is presented in Table 1.
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Liver histopathology in parasitemic cases

All but one (50/51) of the cases in the ‘CM’ group showed variable, but usually extensive,
Kupffer cell hyperplasia and accumulation of malaria pigment in enlarged Kupffer cells in
the hepatic sinusoids (Figure 2A). Similar pigment-laden Kupffer cells were found in only 3
of 24 cases in the ‘Other’ group. The pigment was coarse, birefringent on polarizing
microscopy, and consisted of generally larger granules than noted within Plasmodium
trophozoites (Figure 2B). The histological features of all patients are summarized in Table 2.

Hemozoin pigment was diffusely dispersed throughout the lobule in the parasitaemic cases,
but was concentrated in the portal areas in those without parasitemia, suggesting movement
or concentration of pigment to the portal areas when a malaria infection has resolved (figure
2C & 2D). Polarizing light microscopy revealed distinct patterns of pigment distribution
including no pigment (Figure 3A & 3B), diffuse speckling (Figure 3C & 3D), or a mixture
of speckling with increasing amounts of large globules within the portal triads (Figure 3E —
3H). The quantitative assessment of the polarized pigment within the liver demonstrated that
the size of pigment granules and the area occupied by pigment in the parenchyma around the
central veins were both larger in cerebral malaria patients than in non-CM. There were no
differences in the size or area of pigment in the portal triads by diagnosis (Table 3). Each
0.1% increase in the area occupied by pigment in the lobules was significantly associated
with the diagnosis of cerebral malaria (Odds Ratio = 1.57 95% CI [1.04 — 2.38], p-value =
0.033) when adjusted for haematocrit, fever duration, and platelet count.

Greater numbers of PRBCs were present in the liver than in the general circulation in only 5
of 87 cases, and in no case was there margination of PRBCs, or filling of the sinusoids with
PRBCs (Figure 4A & 4B). Rare PRBCs were noted in livers of 29 of 51 cases with CM, 3 of
24 in the ‘Other’ group and 0 of 12 in the Aparasitemic group; however, such PRBCs were
not judged to represent sequestration, as no more PRBCs were present than were circulating
in the peripheral blood. The absence of sequestered PRBCs in the liver was an obvious
feature, including in CM cases which had intense sequestration of PRBCs in cerebral and
other microvascular beds. Fatty change within the liver in ‘CM’ cases was largely
microvesicular and only rarely purely macrovesicular (Table 2). However, most of the fatty
change was minimal. There were usually only mild inflammatory changes present, equal in
all groups, consisting of portal and lobular lymphocytic infiltrates. Necrosis was minimal,
composed of single apoptotic hepatocytes, lobular in location, and seen in all patient groups
(13 total cases). Patients in the aparasitemic group were less likely to have lobular
inflammation than those in the ‘CM’ and *Other’ groups (p-value = 0.0420). No significant
fibrosis was noted, except for two cases of incidental schistosomiasis with portal fibrous
expansion surrounding degenerated eggs, without bridging or cirrhosis (Figure 4C & 4D).
Hepatocyte ballooning and pleomorphism were rare. There was no evidence of
microthrombi, bile duct injury or cholestasis. Merozoite filled hepatocytes were not
identified.

In the 24 parasitaemic patients without cerebral sequestration of P falciparum (‘Other’),
autopsy diagnoses included pneumonia (5 cases), bacterial sepsis, bacterial
meningoencephalitis, organophosphate poisoning, salicylate toxicity, massive hepatic
necrosis, traumatic skull fracture, subdural haematoma, ruptured arteriovenous
malformation, giant cell myocarditis, rapidly progressive glomerulonephritis, small bowel
obstruction, anemia, left ventricular failure, indeterminate (2 cases), and 4 cases with
clinicopathological findings which may represent Reye’s Syndrome.
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Evidence of Reye’'s syndrome?

In 9 of the 36 cases in the ‘Other’ and ‘Aparasitemic’ groups, hepatic histological
examination showed extensive microvesicular fatty change in the majority of hepatocytes, as
may be seen in Reye’s syndrome (Figure 5A-D). Among these cases, a pattern of
microvesicular fatty change was predominant (always more than 50% microvesicular fat).
There was no inflammation or necrosis. Seven of the 9 cases had mild to moderate Kupffer
cell hyperplasia and pigment, but none had any PRBCs in hepatic sinusoids or vessels,
consistent with current or recent malaria infection. None of the possible cases showed fatty
change in myocardium, and only one case showed vacuolization of the cytoplasm adjacent
to the basement membrane in proximal convoluted tubular epithelium of the kidney.

Plasma salicylate levels could be measured in 6 of the 9 cases and salicylate was detectable
in 2 (4.6 and 17.5 mg/dL). The intervals from hospital admission to death in the salicylate-
positive cases were 9 and 14 hours, and in the 4 negative cases were 9, 22, 44 and 48 hours.

In the 9 patients who had clinicopathological findings which may represent Reye’s
Syndrome, 6 reported known prior use of salicylates, 6 had received antibiotics
(antibacterials, either penicillin or chloramphenicol or both), and 2 had been treated with
phenobarbitone. Of the 7 aparasitaemic cases with relatively normal liver histology, autopsy
revealed causes of death to be sepsis (2 cases), meningitis or meningoencephalitis (2 cases),
head trauma with pneumonia, diffuse anoxic brain injury, and one unclassified diagnosis.

We performed an exploratory analysis on the presenting clinical and laboratory features
between children with an eventual clinical and pathological diagnosis of cerebral malaria
with those with clinicopathological findings which may represent Reye’s Syndrome (Table
1). There were differences (lack of fever, longer duration of fever if present, absent or low
parasitemia, normal hematocrit, and normal platelet count). In a multivariate analysis,
platelet count remained significant and parasitemia was included in the model with AUC =
0.8965; this finding is consistent with comparisons of cerebral malaria to other fatal non-CM
patients (Table 4).

Discussion

Our study included 51 children who died with P falciparum infection and cerebral
sequestration of parasites with no other identifiable cause of death, suggesting that they died
of malaria (CM). The liver in these cases showed little histopathological evidence of injury.
Spitz [6] reported the largest malaria autopsy series prior to the current study, but the 50
cases described were all adult soldiers serving in World War I1. Her findings of heavily
pigmented and hyperplastic Kupffer cells, and no fatty change, are similar to ours, but she
also reported PRBCs in the sinusoids, which we did not find in significant numbers in
Malawian children. Four of her cases showed moderate centrilobular necrosis which we did
not encounter in our study and which may have indicated an additional element of outflow
obstruction, drug effect, or right heart failure in her adult population. Spitz also reported
abundant acidophilic bodies in 11 cases which we interpret as apoptotic hepatocytes or
Councilman bodies. There is evidence from mouse models to suggest malaria infection
induces apoptosis particularly in the liver through oxidative stress [7-11]. We did not see
apoptotic hepatocytes in any of our cases. Mice infected with P berghei develop a hepatic
lobular T lymphocyte infiltrate [12]; we found only occasional and minimal lobular
lymphocytic inflammation in our subjects. These histopathological differences at the hepatic
level seem to reflect the overall observed difference in adult vs. pediatric vs. mouse malaria
models.

Hum Pathol. Author manuscript; available in PMC 2012 September 1.
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The malaria pigment distribution pattern in the liver appears to reflect the malaria
pathophysiology of the patient overall. In patients with severe malaria (i.e., cerebral malaria
in this cohort), the major pattern is the presence of large amounts of pigment within
macrophages spread throughout the sinusoids; this pigment is larger, on average, and
occupies more space than in non-cerebral malaria patients. This is consistent with the
concept of a high total body parasite mass being a feature of severe disease and reflects the
increased processing of parasite waste products. The finding of no difference between the
patient groups in the size or area of pigment granules in the portal triads suggests that the
triads are a final collecting area for parasite pigment and reflect previous malaria infections
rather than acute disease.

Brito et al and Rosen et al reported abundant PRBC and non-parasitized RBCs clumped in
the hepatic sinusoids identified by electron microscopy in a small number of adults with
falciparum and vivax malaria [13,14]. We did not see PRBC accumulation by light
microscopy, nor did we see it in our cases studied by electron microscopy.

We found no histological basis for the term ‘malarial hepatitis’ sometimes reported or
assumed in descriptions of malaria in adults [1-5]. Only a few of these previous studies
report histopathological findings including inflammation, hepatocyte necrosis and
cholestatic changes, which were absent in our patients.

Reye first described the syndrome of hepatic encephalopathy and fatty liver in 1963 in
Australian children [15]. . It is usually preceded by a viral illness, often influenza B, measles
or varicella, includes elevated serum transaminase and plasma ammonia levels, and is not
associated with jaundice [16,17]. Aspirin and other salicylates are believed to be cofactors in
this disease [18]. Some authors argue that the clinical label of Reye’s syndrome applied to
the combination of hepatic dysfunction in the setting neurological compromise may
represent a heterogeneous range of disorders which can include infectious, metabolic, and
toxic etiologies and not solely be due to a post-viral/salicylate syndrome[19].

Reye’s syndrome may present with similar clinical features as cerebral malaria [20-22].
Malarial infections are often treated with salicylate-containing drugs which are widely
available in Malawi and other regions where malaria is endemic. Reye’s syndrome is said to
have nearly disappeared, at least in the western world, since warnings about an association
with the use of aspirin were published in 1980 [20]. Despite evidence that some cases of
Reye’s-like illness are in fact inborn errors of metabolism such as urea cycle disorders or
fructosemia [23], most researchers conclude that Reye’s syndrome is a distinct syndrome
associated with, if not caused by, salicylates [17,18]. The histopathology is specific with
microvesicular fatty change of hepatocytes, absent or minimal spotty necrosis, absent or
minimal inflammatory cell infiltrates, and absent or minimal fibrosis and cholestasis [24].
Ultrastructurally there may be enlarged misshapen mitochondria with reduced cristae [25],
or no specific findings [26]. We found mitochondrial pleomorphism to some degree in one
case of possible Reye’s syndrome, but the poor preservation of our samples for electron
microscopy purposes precluded accurate ultrastructural assessment. Brown and Madge
reported fatty change in the cytoplasm of the cardiac myocytes and renal cells of type not
specified, in cases of Reye’s syndrome [27]. We did not see these fatty changes outside of
the liver, but postmortem artifact may obscure them in the kidney where renal tubular
epithelium is particularly susceptible to post-mortem autolysis. Post-mortem intervals were
not mentioned in Brown and Madge’s study. Few other disorders cause exclusive or
dominant microvesicular fatty change, other than rare inborn errors of metabolism, and most
of the other conditions were absent among our patients (e.g. acute fatty liver of pregnancy,
heatstroke, Jamaican vomiting sickness, and certain drugs and toxins such as tetracycline,
valproic acid and nucleoside analogues) [28]. None of the drugs that were used on the
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research ward, or that were elicited in the clinical histories, could be implicated in causing
fatty liver change [24].

Our observations suggest that the initial clinical pictures are similar in patients eventually
diagnosed as cerebral malaria and those with possible Reye’s syndrome. As asymptomatic/
incidental parasitaemia is not uncommon in African pediatric populations, it is possible that
some patients with Reye’s syndrome will be parasitaemic at presentation, causing further
difficulty in making the diagnosis. This could be the case with our group of possible Reye’s
syndrome cases. A raised plasma ammonia concentration may strengthen a suspicion of
Reye’s syndrome, but the value of this is uncertain and the facility rarely available [29].
Conversely the presence of heavy parasitemia, together with thrombocytopenia and malarial
retinopathy suggest that the illness is due to malaria [30-34]. None of our possible Reye’s
syndrome patients had evidence of malarial retinopathy which is an established clinical
marker for cerebral malaria [30-34].

Our finding of a number of deaths due to possible Reye’s syndrome contrasts with reports of
the disappearance of this disease in non-tropical areas in parallel with the diminishing use of
salicylates among children in such populations [20,35,36]. We found salicylate in the plasma
of 41 of 198 (21%) other children admitted during the same period to the same research
ward (data not shown), suggesting that there is still considerable use of salicylate-containing
medications in Malawi, as there is in rural Kenya [22,37]. The negative plasma salicylate
results in 4 of 6 of our possible cases of Reye’s syndrome might be explained by the relative
short half life of salicylates (~ two hours) and the prolonged hospital course in 3 of these
cases. It is known that the plasma concentration of salicylate does not correlate with
outcome in Reye’s syndrome [29].

A limitation of our study is that we cannot completely exclude inborn errors of metabolism
that present in a clinically similar manner to Reye’s syndrome [19,23,36,38-40], but these
are rare disorders and the cytokine abnormalities induced by salicylates [21] may exacerbate
these disorders as well, with malaria being an additional stressor. It would seem less likely
to find 9 cases of inherited inborn errors of metabolism in our series of 87 cases than to find
9 cases of possible Reye’s syndrome in a cohort of known salicylate users. A related
limitation of our study is our inability to perform blood ammonia and transaminase testing.
Most of our aparasitaemic cases, including those with possible Reye’s syndrome, had
Kupffer cell hyperplasia and malaria pigment accumulation in the liver indicating past,
probably recent malaria infection. It is not possible to know whether this evidence of recent
malaria infection has any relevance to the aetiology of Reye’s syndrome in this patient
population, since malaria infections are widely prevalent in the community. The contribution
of a malaria infection as a potential contributory trigger in the pathogenesis of Reye’s
syndrome is not clear.

Our data demonstrate that in fatal P falciparum malaria there is little evidence of either
intrahepatic sequestration or histologically evident damage to hepatic tissue. We also show
that Reye’s syndrome may be an important cause of encephalopathy in children in the
population studied. Salicylate use is the likely precipitating factor for Reye’s syndrome in
this setting, and while efforts to control malaria are increasingly applied, we recommend that
salicylates be used judiciously, if at all, among children in regions where malaria is endemic.
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Patients Admitted
[n =2704]

Patients Died
[n = 436]

Permission not sought due to insufficient
time for clinical diagnosis, family issues, or
inadequate staff
[n=153]

Autopsy Requested
[n =283]

Permission not given due to religious
issues, time, distance, or family issues
[n=184]

Autopsies
(Jan 1996-June 2008)
[n = 99]

Excluded because not comatose or

inadequate clinical diagnosis pre-mortem
[n=12]*

Patients included
in this study
[n =87]

Substudy

Pigment Quantification in
liver sections
[n =47]

*Included in these 12 exclusions are two non-comatose patients with histological evidence suggestive of
Reye's Syndrome.

Figure 1.
Study Design. Between 1996 and 2008 we admitted 2704 children to the Malaria Research

Ward of Queen Elizabeth Central Hospital in Blantyre, Malawi. Deaths occurred in 436
patients (16.1%) and in 283 cases we requested permission for autopsy, employing detailed
discussion directed by Malawian nurses and physicians. The decision to request autopsy was
dependent upon a) the presence of appropriate parents or guardians, b) the family structure
and religious affiliation, c) and the availability of the pathologist and adequate support team.
Approval for autopsy was given in 99 cases (35.0% consent rate). Of these, 12 cases were
excluded from this analysis owing to an indeterminate clinical diagnosis or lack of coma at
admission.
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Figure 2.

The distribution of pigment within the liver of the autopsy cohort showed two distinct
patterns. A diffuse, speckled pattern predominantly in the lobular parenchyma was present
and associated with increased histiocytes within sinusoids (A). At low power, polarized
microscopy reveals the extent of the histiocyte hyperplasia (B). Within portal triads, large
globules of pigment were present in many cases (C). At low power, the lobular architecture
and the increased pigment (present as black areas) in the portal triads is evident (D).
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Figure 3.

The polarized images used for quantification of malaria pigment demonstrate several distinct
reproducible patterns which include the following: no pigment evident in the lobular
parenchyma (A) or portal triads (B); diffuse speckled pigment in the lobular parenchyma (C)
and portal triads (D); large globules of pigment of increasing size and concentration in the
portal triads (E — H). Globules of pigment were never seen in the lobular parenchyma
(Panels A and C at 200x magnification; panels B, D, E—f at 400x magnification).
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Figure 4.

Rare features of liver pathology within this autopsy cohort included sequestered parasites
(A) which on high magnification show pigmented trophozoite stages (B) as well as two
patients with granulomata around eggs of Schistosoma species parasites (C — D).
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Figure 5.

Four examples of patients with histology suggestive of Reye’s syndrome are shown as
follows: A) 3 year old boy; B) 4 year old girl with history of salicylate use, aparasitemic; C)
A 10 year old bay, aparasitemic; D) An 8 year old girl, aparasitemic. Liver, hematoxylin and
eosin, original magnification 400x. Microvesicular fatty change is present with no other
pathologic features.
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