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Abstract
Progressive multifocal leukoencephalopathy caused by the JC virus, results in a lytic infection of mainly
oligodendrocytes of the central nervous system in immunosuppressed patients. With the advent of the HIV
pandemic, the incidence of PML has risen sharply, but very few cases from Africa have been reported, even though
this continent carries a very high burden of HIV infection. Explanations for the paucity of reports of PML from Africa
include non-recognition of the condition, diagnostic challenges, death due to other infections, as well as suggestions
of decreased neurovirulence of African JC virus types, and interactions between these types and different HIV
clades. In this report we focus on reports of cases with PML from Africa, suggesting that with the availability of more
sensitive assays and greater awareness, the diagnosis of PML may be more readily made in the future.
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Introduction
Progressive multifocal leukoencephalopathy (PML) is a disorder of
the central nervous system caused by the JC virus. The JC virus, a
human polyoma virus, is found widespread over the globe. The initial
subclinical infection most likely occurs early in childhood with renal
excretion of the virus in approximately 30% of healthy people [1,2],
and global seroprevalence of 70-90% [3]. In severe
immunosuppression,
as
in
HIV-infected
patients
or
immunocompromised patients due to malignancies or autoimmune
disorders, the virus leads to a lytic infection of oligodendrocytes in the
brain [4]. During the pre-HAART (highly active antiretroviral
therapy) era, PML was rapidly fatal, with a median survival of 3 – 6
months. PML then occurred at a prevalence of 0.9-1.8% in patients
with AIDS, and at post mortem examination, 2, 4-11% of AIDS
patients had PML [5-10]. With the advent of antiretroviral therapy,
several studies have shown that the incidence of PML has declined
[11-13], but others disappointingly did not find a significant change
[14,15] and the condition still carries a substantial morbidity and
mortality. Improved patient survival has been reported in some
studies, with up to 50% of patients living for more than one year
[16,17].
Africa, and specifically sub-Saharan Africa, has a very high burden
of HIV infection. In South Africa, the Department of Health estimated
the national HIV prevalence among women attending antenatal clinics
at 29, 4% in 2009, and 29, 5% in 2011. An alarming 10, 9% incidence of
HIV infection has been reported for South Africans above the age of 2
years [18]. However, in spite of the fact that neurological
complications of HIV are common and so many people are living with
HIV in Africa, there have been remarkably few reports of PML from
Africa.
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Suggestions for the paucity of reports of PML from Africa
Possible explanations for the paucity of reports of PML from Africa
have been offered by various authors [19]. It may be likely that many
cases of PML are not recognized, since the clinical picture and imaging
may be confused with ADEM, strokes, or vasculitis. Diagnostic
challenges and lack of post mortem examinations in resource-poor
areas may also contribute to non-recognition of the condition. Death
due to other infective conditions such as tuberculosis, which may
occur at higher CD4 cell counts, may be a reason why fewer patients
develop PML, which is typically (but not exclusively) seen in severe
immunosuppression. There have also been suggestions that some JC
virus strains may not be as neuropathogenic as others-the JC virus
subtype 2B was shown to be associated with a higher incidence of PML
in one study [20] while type 4 had an apparently lower disease risk
[21]. Interactions between JC virus types and different HIV clades
have also been suggested as possible causes for a low prevalence of
PML in Africa and India. In these areas, the HIV clade C virus is
predominant, and the possibility exists that the HIV clade C virus Tat
is not as potent as the HIV clade B in interactions with other viruses
[19]. In addition, interactions between HHV-6 and the JC virus may
influence the prevalence of PML, and there may also be host genetic
differences in the development of PML, since a higher prevalence of
PML was seen in white males compared to African American males in
one study [22,19].

JC virus types
Worldwide, at least 7 JC virus types have been identified. They are
classified into types according to the sequence analysis of the major
capsid protein VP1 and numbered from 1 to 8, with type 5 being
found to be a minor member of type 3 [23]. Type 1 and 4 generally
occur in Europeans and European Americans, while type 2A occurs
most commonly in the Asian and Native American population. In
Africans and African-Americans, type 3 and 6 are frequently seen; 2D
and 7C are isolated from Asians and South Asians, and in Western
Pacific people, types 2E, 8A and 8B are found [24-26]. Type 8A has
only been found in Papua New Guinea up to now [27].
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Review of reports of PML from Africa
One of the first reports of PML in Africa came from a Ugandan
study in 1988 where the condition was identified in an AIDS patient
with multiple opportunistic infections [28]. The diagnosis was made
on autopsy, with typical neuropathological findings of PML, but the
virus was not identified [29]. Another patient who was native to
Gambia but passed away in Germany, was reported in 1987 [30] to
have PML as the only manifestation of AIDS caused by HIV-2. The
infective agent in both of these patients was later identified by Stoner
et al in 1998 [29] as JC virus; in the Gambian patient, the subtype
could be identified as JC virus type 3, which was the same type that
had been identified in the urine of patients with AIDS from Tanzania
in 1995 [31]. It was concluded that this patient had been infected with
his native strain of JC virus from Africa and had carried this virus to
Germany, rather than having been newly infected with a European
type of virus. Following reports of a new type JC virus being excreted
from individuals from Ghana in West Africa [32], a type 6 JC virus
genotype, very closely related to the Ghana strain, was found in the
brain of an African American with systemic lupus erythematosis and
PML [33]. It was thus confirmed that both the type 3 and the type 6 JC
virus are found in Africa, and both were capable of causing PML in
humans.
In one of the few African autopsy studies of patients with HIV
infection, Lucas et al [34] reported on the findings of 271 HIV-positive
patients from Abidjan in the Ivory Coast, showing that PML occurred
in only 4 cases (1,5%). In Rana’s study from Kenia in 2000 [35], and in
Ansari’s study from Botswana in 2002 [36], PML was not identified as
cause of death in any patient. However, a neuropathological study of
115 African patients with AIDS who had died in Belgium, found 5, 2%
to have PML [29 quotes personal communication H Taelman].
In 1999, the four cases from the Abidjan study were examined with
immunohistochemical staining and PCR amplification of JC viral
genomic DNA with direct cycle sequencing [37], showing that JC virus
type 3 occurred in two cases, type 6 in one case and the last case had
uncommon rearrangement patterns. A suggestion was made that the
lower prevalence of PML in Africa may be due to biological differences
in JC virus genotypes.
Several other short reports regarding PML have been published
from various centres in Africa. In a resource-limited setting in
Burkina-Faso in West Africa an assumptive diagnosis of PML was
made in six of 72 HIV-positive patients presenting to an internal
medicine ward. Unfortunately, the cases could not be confirmed by
special investigations or pathology [38]. From Malawi, two cases of
PML diagnosed on CT of the brain were found in an investigation of
the differential diagnosis of stroke in a setting of high HIV prevalence
[39] and from South Africa, a child with PML after HAART initiation
Country/City

Type 1

Type 2

Type 3

Gambia 1998 [29]

1

Abidjan 1999 [37]

2

South Africa 2004 [42]
South Africa 2009 [44]

1
1

was reported in 2004 [40]. Another South African report described a
young woman with a very low CD 4 count (7/uL) and a high viral load
who had presented with seizures. CT of the brain showed lesions
typical of PML and this diagnosis was later confirmed on post mortem
[41].

Analysis of viral genomes from Africa
As previously discussed, type 3 and type 6 of the JC virus were
described from patients from Eastern and Western Africa [29,32,33].
A laboratory study from South Africa investigated five CSF samples of
patients with PML, showing that three isolates grouped with type 3 JC
virus and one with type 7–[42] these were all African patients with
AIDS. Another sample from a Caucasian leukaemia patient grouped
with type 2D which had previously only been described in South Asia.
This study thus provided evidence that the JC virus type 3 genotype
occurs as far south as South Africa – historically, it is believed that
black South Africans migrated south with other people of the NigerCongo linguistic groups in the last three centuries BC, explaining JC
virus subtypes 3A and B in South Africa [43]. A type 7 JC virus was
seen in one African patient in this study; this may possibly be
explained by the fact that many people from India settled in the
KwaZulu-Natal province of South Africa in the last two centuries and
this case might represent a recent transmission event. The subtype 2D
isolate from a Caucasian patient might reflect a recent transmission
event in Eurasia [42]. Unfortunately, this was a purely laboratorybased study and no clinical information about the patients was
available. Future studies of PML should preferably involve clinicians
and virologists/immunologists.
Up to 2009, a conventional nested PCR targeting the VP1 region of
the virus was used to detect the JC virus in the CSF of suspected PML
sufferers. Glass and Venter subsequently developed a new method
using a real-time PCR assay that targets a conserved region of the JC
virus genome, and utilized fluorescence resonance energy transfer
(FRET) hybridization probes [44]. This assay thus targets the
conserved 151 kB region of the large T-antigen and not the variable
VP1 region. The study showed the new assay to be more sensitive than
the conventional method: when using the T-antigen targeted assay, it
identified the JC virus in 12 specimens of CSF of patients with
suspected PML versus only 5 when using the conventional VP1 nested
PCR. Phylogenetic analysis of the VP1 region subsequently identified
two specimens with JC virus type 3, two with type 4 and one with type
1 [44]; (Table 1). It had been previously suggested that the type 4 JC
virus may be less neuropathogenic than other types since it was
underrepresented in previous studies [45,21], but this
underrepresentation may just have reflected a geographic variance of
JC virus subtypes.
Type 4

Type 7

1

3
2

Type 6

1
2

Table 1: JC virus types – number of cases currently described in association with PML in Africa.
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Clinical case series of patients with PML from Africa
The largest clinical report of AIDS-related PML from southern
Africa involved a retrospective study of all patients with PML who had
been identified over a four and a half year period in a large tertiary
referral hospital in Pretoria, South Africa in 2013 [46]. Schutte and
colleagues identified 17 patients with PML in whom the JC virus was
confirmed by CSF analysis using T-antigen specific fluorescence
energy transfer hybridization probe real-time PCR [44]. The ages
ranged from 27 to 64 years (mean 38) and 13 were HAART naïve at
admission. The most common clinical manifestations included focal

weakness (47%), coordination impairment (41%) and speech
disturbances (12%). The clinical findings are comparable to those
found in other studies of PML: focal weakness occurred in 43% of
patients in a study from Denmark [11], which was lower than in a
report from Brazil, where this sign was seen in 75% of patients [47]. In
a recent report from India, a hemiparesis occurred in 45% of patients
[48]. Impaired coordination was seen in 68 and 42% of patients in the
studies from Denmark and Brazil; cognitive decline as complaint was
present only in 6% of patients in the South African study, which is very
low when compared to the 57 and 42% in the above studies (Table 2).

South Africa 2013

Denmark 2009

Brazil 2008

India 2013

Number of patients

17

47

12

38

Median age (range)

38 (27-64)

48 (43-53)

36 (25-52)

39 (25-68)

HAART naïve (%)

13 (76)

35 (73)

9 (75)

25 (66)

Focal weakness

47%

43%

75%

45%

Impaired coordination

41%

68%

42%

37%

Speech disturbances

12%

43%

58%

26%

Cognitive dysfunction

6%

57%

42%

26%

Seizures

6%

13%

8%

13%

Visual disturbances

6%

-

-

10%

Median CD 4 count (range)

41/uL

50/uL

45/uL

153/uL

(11-328)

(27-160)

(3-210)

(50-289)

Clinical findings

Table 2: Comparison of clinical findings of patients with PML [46,147, and 48].
In the study by Schutte radiological imaging showed lesions typical
of PML in the white matter. CT brain was performed in 15 patients
and 13 had MRI studies. Two CT scans appeared normal, but on
subsequent MRI studies, a single lesion was seen in both patients in
the centrum semi-ovale. In four of the MRI’s, multiple lesions were
visible which had appeared as only single lesions on the CT brain, once
again confirming the superiority of the MRI in diagnosing PML. Mean
CD4 counts in the South African study were comparable to those in
other studies, while the CSF analysis showed a mild lymphocytic
pleocytosis in 35% of patients and elevated protein levels in 76%-this is
higher when compared to other studies where pleocytosis occurred in
15% of patients and elevated protein levels in 20-30% [46].
Interestingly, the large majority of patients from the study by
Schutte and colleagues were seen during the last 18 months of the
study period (12 of 17 patients), possibly suggesting that the disorder
is becoming more frequent, or that the diagnosis is currently more
readily made. However, this was a retrospective study and a
multicentre prospective data collection of PML cases in southern
Africa would be an interesting research endeavour. Analysing the JC
virus types and correlating these to the clinical picture may in addition
also be of value for future research. In another study from the same
neurology unit in Pretoria [49], an analysis of the clinical mortality
data from 2006-2012 showed that PML was the cause of death in 5% of
HIV-positive patients, which is comparable to older neuropathological
studies from first world countries [50, 51].
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PML related to Immune reconstitution inflammatory
syndrome (IRIS) in Africa
After initiation of HAART, some patients may unfortunately
develop an IRIS which is characterized by a sudden worsening of a
previously acquired infectious process in spite of immunological
recovery [52]. The most common culprits in this setting are
tuberculosis and cryptococcal infection [53], but PML associated IRIS
is also seen [54]. This condition emerges as one of the new treatment
challenges related to JV virus infection in developed countries [55].
Antiretroviral therapy has become available more readily recently
throughout the world. In South Africa, the number of patients on
antiretroviral therapy has increased from less than 2000 in 2003 to 1,79
million in 2011 after an initial hesitancy to implement HAART
programs [56]. The risk factors for the development of this syndrome
include very low CD4 counts, rapid decrease of viral load, presence of
active or subclinical opportunistic infections when antiretroviral
therapy is started, and HAART naïve patients [57]. There have not
been many reports of PML related IRIS from Africa up to now. One
recent report from South Africa which investigated central nervous
system disorders after starting antiretroviral therapy, found
neurological IRIS only related to tuberculosis and cryptococcosis in
their patients. No patient with PML was seen within the one year of
the study [53]. The short duration of this study is a limitation and
longer periods of data collection may still show cases with PML IRIS in
South Africa. The previously mentioned report of a child with PML
[40] described a 12-year old boy from Cape Town, South Africa, with
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advanced HIV infection who developed cerebellar signs and a
hemiparesis within five weeks of antiretroviral therapy
commencement as an example of PML related to IRIS. This child
improved after a course of glucocorticosteroid therapy while
continuing antiretroviral medication. In the study by Schutte and
colleagues, two patients were considered to have had PML related to
IRIS [46]. One patient had several white matter lesions in the
brainstem and cerebellum, with some cerebellar lesions showing ring
enhancement post gadolinium. The patient had started antiretroviral
therapy about six months before – this might be considered quite a
long time for IRIS as most patients develop this syndrome within two
months of starting HAART [58]. The other patient deteriorated after
HAART had been started while in the ward; she improved slightly
after steroid treatment. The expectation is that PML IRIS will be seen
more frequently in the next few years.

PML remains a diagnostic challenge in resource-poor areas of the
world. The newer assays which target a conserved region of the JC
virus genome and utilize fluorescence resonance energy transfer
(FRET) hybridization probes show an improved sensitivity in
detecting the JC virus in the CSF of African patients with suspected
PML. The African JC virus types 3 and 6 are capable of causing PML
and types 1, 2D, 4 and 7 have also been found in association with PML
in Africa. Even in regions with HIV clade C predominance, patients
with HIV associated PML are increasingly being described, with
possibly even similar incidences as in previous studies from developed
countries.
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