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ABSTRACT

Background: Neurological manifestations are one of the major concerns for patients with human immunodeficiency virus (HIV).
The secondary spectrum includes space-occupying lesions (SOL), including tuberculoma, cryptococcosis, candidiasis, toxoplasmosis,
primary central nervous system lymphoma (PCNSL), and progressive multifocal leukoencephalopathy (PML). Aim: To assess the
neurological manifestations, disease outcome, and their associations with cluster of differentiation 4 (CD4) counts in patients with
HIV. Materials and Methods: This single-center, prospective, observational study was performed in the Department of General
Medicine of a tertiary care institute, over a period of 2 years (January 2017 to December 2018). The study included 150 known or
newly diagnosed HIV patients with CNS SOL. The physical examination, laboratory investigations, and imaging were conducted on
every patient, and the findings were noted. Results: The patients mainly presented with hemiparesis (52%), had involvement of the
frontal region (38.7%), and were diagnosed with tuberculoma (29.3%). Other diagnoses were toxoplasmosis (22.7%), PML (17.3%),
PCNSL (15.3%), brain abscess (10%), and neurocysticercosis (5.3%). Of 150 patients, 136 (90.7%) were survivors, while 14 (9.3%) were
non-survivors. The mean CD4 count was significantly less in patients with toxoplasmosis (P < 0.0001) and PCNSL (P = 0.02), and
significantly higher in patients with tuberculoma (P < 0.0001) and brain abscess (P=0.0009) relative to other causes of SOL. Moreover,
the mean CD4 count was not significantly associated with survivors and non-survivors (P = 0.28). Conclusion: In patients with HIV,
CD4 count was significantly low in toxoplasmosis and PCNSL, and high in tuberculoma and brain abscess.
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Human immunodeficiency virus (HIV) infection is a devastating
condition that leads to the gradual loss of cluster of differentiation
4 (CD4) T cells, thereby damaging the immune system.!" To date,
more than 85.6 million individuals have been affected worldwide;
around 39 million individuals in the wotld and 2.34 million in
India are stll living with HIV.> One of the major challenges
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posed by HIV is the involvement of the central nervous
system (CNS), reportedly affected in 39-70% of the patients.
Moreover, in these patients, the morbidity associated with CNS
lesions is nearly 30%.

Encephalitis, brain atrophy, white matter lesion, and HIV
demyelination are the primary CNS lesions, while the secondary
spectrum includes space-occupying lesions (SOL), including
tuberculoma, cryptococcosis, candidiasis, toxoplasmosis, primary
central nervous system lymphoma (PCNSL), progressive
multifocal leukoencephalopathy (PML), and others.* ¥ Based on a
recent study, the prevalence of SOL in patients with HIV is 2.2%.

The reports from the Western world suggest that toxoplasmosis
is the most common cause of CNS SOL in patients with acquired
immunodeficiency syndrome (AIDS),® while, in the Indian
context, tuberculosis appears to be the most common etiology
of CNS SOL."> As India has the highest tuberculosis burden,
evaluation of the clinical presentation of these patients can narrow
down the differential diagnosis by a primary care physicians.
Several studies have reported headache as the most common
presentation,” ! while others have suggested hemiparesis, focal
signs, and altered sensorium as the predominant presenting
symptoms.>'*1 The opportunistic infections responsible for
most CNS pathologies including SOL are frequently seen in
patients with CD4 counts <200 cells/mm?®.P! Howevert, in
these patients, the prevalence of SOL varies widely, from 52%
to 86%.4"""1 In patients with toxoplasmosis, cryptococcosis,
and PML,, some of the authors have documented mean CD4
count of <100 cells/mm?, while others have reported mean
count >100 cells/mm?>" In India, very few studies have
evaluated CNS SOL in patients with HIV. Moreover, there is
variability in the data reported from previous studies. Thus, we
evaluated the clinical presentation of various SOLs and their
association with CD4 count.

Materials and Methods

This prospective, observational study was performed in the
Department of General Medicine of a tertiary care institute,
over a period of 2 years (January 2017 to December 2018). The
study began after obtaining approval from the Institutional Ethics
Committee (No. IEC/PG/134/Dec/2016) and written informed
consent from the enrolled patients.

The study included patients aged 12—65 years, of either sex,
and known or newly diagnosed HIV patients with CNS SOL
admitted in the wards. HIV was diagnosed on enzyme-linked
immunosorbent assay (ELISA), and SOL was confirmed
on computed tomography (CT) and/or magnetic resonance
imaging (MRI), while patients with focal radiological findings
other than a mass lesion, including infarct, basal enhancement,
or atrophy, were excluded.

A total of 150 patients fulfilling the eligibility criteria were
analyzed for the clinical manifestations and presenting symptoms
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of SOL. Complete physical examination and laboratory
investigations were performed. Clinically suspected patients
wete further evaluated with CT and/or MRI scans. Laboratory
investigations, including complete blood count, liver profile,
renal profile, HIV type, CD4 count, serum electrolytes, serum
toxoplasma antibody, cerebrospinal fluid (CSF) toxoplasma
IgM/IgG antibody as well as CSF adenosine deaminase, glucose,
and protein, were performed in every patient. Blood pressure
and blood sugar level were monitored daily.

Sample size calculation

The population size (n, for finite population correction factor)
was considered as 1,000,000. Based on a previous study,
percentage frequency of outcome factor in the population (p)
was hypothesized as 14 + 5%.I""l Confidence limits (d) and design
effect (DEFT) were taken as 5% and 1, respectively.

Sample size (n) for confidence level of 90% was calculated as
131 using the formula:

n= DEFF* Np(1-p)]/ [(d2/ Z21-0t/ 2% (N-1)+p*(1-p)]

Considering 10% dropout, the sample size was 131 + 13 = 144,
which was rounded off to 150.

Statistical analyses

Data obtained from the physical and laboratory investigations
wete further subdivided according to the diagnoses of SOL.
Continuous and categorical variables were represented as
means T standard deviation (SD) and frequency (percentages),
respectively. The Chi-square test and independent-sample #test
were used to compare the continuous and categorical variables,
respectively. A P < 0.05 was considered as statistically significant.
All analyses were performed with PRISM version 5.01 (GraphPad
Software, San Diego, California, USA).

Results

The patients were predominantly males (69.33%) with
a male-to-female ratio of 2.26. The mean age of the
study population was 36.7 £ 8.4 years. HIV-1 (96%) was
observed in most of the patients. The mean CD4 count was
331.98 £ 225.93 cells/mm?, and the majority of patients had
CD4 count >200 cells/mm® 53.33%). The SOLs were mostly
located in the frontal (38.7%) and parietal (32.7%) regions. Of
150 patients, 136 (90.7%) were survivors, while 14 (9.3%) were
non-survivors [Table 1].

The patients frequently presented with hemiparesis (52%) followed
by seizure (46%), confusion (42%), and headache (37.3%). The
most common diagnosis was tuberculoma (29.3%) followed by
toxoplasmosis (22.7%), PML (17.3%), PCNSL (15.3%), brain
abscess (10%), and neurocysticercosis (5.3%). The patients
with tuberculoma, toxoplasmosis, PML, and brain abscess
frequently presented with hemiparesis (61.8%, 47.7%, 42.3%,
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and 66.7%, respectively). Seizure (65.2%0) was the most common
presenting feature in patients with PCNSL. Moreover, patients
with neurocysticercosis mostly presented with hemiparesis and
confusion (62.5% each) [Table 2].

Table 1: Demographic characteristics, CD4 count, and

location of SOL

Parameters and characteristics (n=150) Value
Age (meantSD) 36.7£8.4 years
Sex, n (%)

Male 104 (69.3%)

Female 46 (30.7%)
Type of HIV infection, n (%0)

HIV-1 144 (96%)

HIV-2 4 (2.7%)

HIV-1 and HIV-2
CD4 count (cells/mm?), n (%)

2 (1.3%)

MeantSD 331.9£225.9 cells/mm’
<100 34 (22.7%)
101-200 36 (24%)
201-300 12 (8%)
301-400 8 (5.3%)
>400 60 (40%)
Location of SOL, n (%)
Frontal 58 (38.7%)
Parietal 49 (32.7%)
Basal ganglia 41 (27.3%)
Temporal 23 (15.3%)
Cerebellar 17 (11.3%)
Occipital 7 (4.7%)
Mid-brain 4 (2.66%)
Pons 2 (1.3%)
Outcome, n (%)
Death 14 (9.3%)
Discharge 136 (90.7%)

CD4=Cluster of differentiation 4; SOL=Space-occupying lesion; HIV=Human immunodeficiency virus

The evaluation of the association between various clinical
features and SOLs revealed no significant association of
hemiparesis, seizure, confusion, and headache with any of the
SOLs, except significantly higher seizures among patients with
PCNSL (15 vs 8; P = 0.04) [Table 3].

The mean CD4 count among patients with toxoplasmosis,
PCNSL, and PML was <200 cells/mm?, while it
was >200 cells/mm® among patients with tuberculoma,
neurocysticercosis, and brain abscess. Relative to other
causes of SOL, the mean CD4 count was significantly
lower in patients with specific causes of SOL, including
toxoplasmosis (P < 0.0001) and PCNSL (P = 0.02);
though similar trend was observed with PML, it did not
reach statistically significant level (P = 0.06). Contrarily,
tuberculoma (P < 0.0001) and brain abscess (P = 0.0009)
had significantly higher mean CD4 count than other
causes of SOL, while neurocysticercosis had no significant

difference (P = 0.23) [Table 4].

Assessment of outcome, based on diagnosis, revealed
mortality in patients with tuberculoma (z = 8, 57.14%) and
6, 42.86%). Moreover, analysis of the
association of outcome with CD4 count revealed no significant

toxoplasmosis (7 =

association between survivors and non-survivors in mean CD4
count (333.6 £ 226.9 cells/mm? versus 335 + 227.95 cells/mm?
P =10.28).

Discussion

The principal findings of the study suggest that tuberculoma
is the most common SOL (29.3%), hemiparesis (52%) is the
most common clinical presentation, and mean CD4 count is
significantly low in patients with toxoplasmosis and PCNSL
relative to other SOLs.

Table 2: Distribution of patients according to the diagnosis and clinical features

Clinical features n=150 (%)

CNS space-occupying lesions

Toxoplasmosis PCNSL PML Tuberculoma Neurocysticercosis Brain abscess

(n=34) (n=23) (n=26) (n=44) (n=8) (n=15)
Hemiparesis (78; 52%) 21 (61.8%) 10 (43.5%) 11 (42.3%) 21 (47.7%) 5 (62.5%) 10 (66.7%)
Seizure (69; 46%) 17 (50%) 15 (65.2%) 10 (38.5%) 18 (40.9%) 2 (25%) 7 (46.7%)
Confusion (63; 42%) 14 (41.2%) 13 (56.5%) 10 (38.5%) 15 (34.1) 5 (62.5%) 6 (40%)
Fatigue (34; 22.7%) 10 (29.4%) 3 (13.1%) 5 (19.2%) 10 (22.7%) 2 (25%) 4 (26.7%)
Headache (56; 37.3%) 9 (26.5%) 10 (43.5%) 10 (38.5%) 16 (36.4%) 3 (37.5%) 8 (53.3%)
Neck stiffness (33; 22%) 7 (20.6%0) 6 (26.1%) 4 (15.4%) 13 (29.5%) 2 (25%) 1(6.7%)
Drowsiness (18; 12%) 7 (20.6%) 3 (13.1%) 2 (7.7%) 3 (6.8%) 2 (25%) 1 (6.7%)
Fever (27; 18%) 6 (17.6%) 1 (4.3%) 8 (30.8%) 10 (22.7%) 1 (12.5%) 1 (6.7%)
Altered sensorium (23; 4 (11.8%) 2 (8.7%) 7 (26.9%) 9 (20.5%) 1 (12.5%) 0 (0%)
15.3%)
Vomiting (12; 8%) 4 (11.8%) 3 (13.1%) 0 (0%) 4 (9.1%) 0 (0%) 1(6.7%)
Aphasia (15; 10%) 3 (8.8%) 4 (17.4%) 2 (7.7%) 5 (11.4%) 0 (0%) 1 (6.7%)
UI (9; 6%) 3 (8.8%) 2 (8.7%) 1 (3.8%) 1(2.3%) 0 (0%) 2 (13.3%)
Memory disturbance (5; 3.3%) 2 (5.9%) 1 (4.3%) 1 (3.8%) 1(2.3%) 0 (0%) 0 (0%)
Paraplegia/paralysis (8; 5.33%) 2 (5.9%) 3 (13.1%) 0 (0%) 3 (6.8%) 0 (0%) 0 (0%)
VED (6; 4%) 1 (2.9%) 1 (4.3%) 2 (7.7%) 2 (4.5%) 0 (0%) 0 (0%)
PML=Progressive multifocal leukoencephalopathy; CNS=Central nervous system; PCNSL=Primary central nervous system lymphoma; VFD=Visual field defect; UI=Urinary incontinence
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Table 3: Association of various clinical features with
different space-occupying lesions

Diagnosis Features present Features absent OR P
Hemiparesis
Toxoplasmosis 21 13 1.68 0.19
PML 11 15 0.62 0.29
Neurocysticercosis 5 3 1.57 0.72
Brain abscess 10 5 1.97 0.28
Tuberculoma 21 23 0.78 0.59
Seizure
‘Toxoplasmosis 17 17 1.27 0.53
PML 10 16 0.71 0.51
PCNSL 15 8 2.61 0.04
Tuberculoma 18 26 0.77 0.58
Confusion
Lymphoma 13 10 2.00 0.16
Neurocysticercosis 5 3 241 0.28
Headache
Brain abscess 8 7 2.07 0.25

PML=Progressive multifocal leukoencephalopathy; OR=0dds ratio; PCNSL=Primary central nervous
system lymphoma

Table 4: Association of CD4 count with specific SOL

Diagnosis n=150 (%) CD4 count P
(meantSD)

Toxoplasmosis 34 82.41£9.87 <0.0001

Except toxoplasmosis 116 412.35+191.67

PML 26 190.92£32.71 0.06

Except PML 124 361.551+238.39

PCNSL 23 180.5227.39 0.02

Except PCNSL 127 360.371234.75

CNS tuberculoma 44 605.18£76.99 <0.0001

Except CNS tuberculoma 106 218.57+161.58

Brain abscess 15 522.93£106.14 0.0009

Except brain abscess 135 310.761226.56

Neurocysticercosis 8 441.25176.18 0.23

Except neurocysticercosis 142 325.824230.67

PML=Progressive multifocal leukoencephalopathy; CD4=Count in cells/mm?®

Hematogenous spread of the primary tuberculous lung infection
to CNS leads to small tuberculous lesions or granulomas in the
brain. These lesions then coalesce to develop tuberculomas
which are firm, avascular, and spherical granulomatous masses
containing central core of caseous necrosis surrounded by a wall
of inflammatory cells.l'” In this study, tuberculoma (29.3%) was
the most common SOL followed by toxoplasmosis (22.66%).
Studies by Luma e al. and Azovtseva ef al. also demonstrated
toxoplasmosis as the most common SOL in patients with
HIV.I'"' Toxoplasmosis, caused by Toxoplasma gondii, has been
regarded as the leading cause of SOL in patients with HIV.
The ubiquitous nature of the parasite along with the weakened
immune system makes it the most common cause of SOL
worldwide.”! In the Indian context, CNS tuberculosis is more
frequent among patients with AIDS than the Western world.!"¥
‘Toxoplasmosis occurs at a later stage in HIV-positive patients,
but tuberculosis can occur at any stage of the disease. Moreover,
with high prevalence of tuberculosis in India, as in this study,
it is not surprising that the most common cause of CNS SOL
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in HIV-positive patients is tubetculoma.'"”! This finding is in
consensus with the Indian studies conducted by Ray e7 a/. and
Sharma ez al., where CNS tuberculosis was the most common
cause of CNS manifestations of HIV.I*”]

We observed that hemiparesis (52%) and seizure (45.33%) were
the two most common clinical presentations. Other common
features were headache, neck stiffness, fatigue, fever, and urinary
incontinence. These findings are in consensus with the study
conducted by Pillay e7 al., who reported hemiparesis (48.19%)
as the most common presentation, followed by seizure and
confusion.”! However, Luma e a/. reported headache as the
most common clinical finding in patients with HIV-associated
CNS disease.' In this study, headache was found in 37% of
the patients, the fourth most common finding. This might be
due to the fact that in resource-limited country such as India,
common complaint such as headache is ignored by patients
and they present late with more serious symptoms. The results
indicate that although manifestations such as seizures and
hemiparesis are considerably serious clinical findings, headaches
in an HIV-infected patient should raise the suspicion in clinician’s
mind about the possibility of a SOL and such symptoms should
be given due consideration.”

Hemiparesis and seizure were the two most common presenting
features in patients with toxoplasmosis, and the odds ratio
indicates that they are more likely to occur in these patients.
Though the association of symptoms has not been evaluated
in most of the studies, a meta-analysis of six studies showed
an association (odds ratio ranging from 1.17 to 5.35) between
seizures and toxoplasmosis. The neuropathogenesis of seizure
development is not well understood; however, chronic infection
by T. gondii results in the formation of tissue cysts containing the
parasite in the bradyzoite stage. Later, these cysts release large
number of bradyzoites which infect new cells (neurons, microglia,
and astrocytes) and cause localized inflammation producing
microglial scars. This scar tissue formation is hypothesized to
be the cause of seizure in patients with toxoplasmosis.?"! A
recent review on toxoplasmosis in patients with HIV states that
headache followed by focal deficit and seizures are the most
common manifestations.® Though a wide variety of clinical
manifestations are possible, depending on size, number, and
location of lesions, hemiparesis and seizure are reported among

the top three clinical features in patients with toxoplasmosis.>*!¥

In patients with PCNSL, seizure and confusion were the two
most common presenting features in this study, whereas a study
conducted by Bayraktar ¢ /. showed headache, memory loss,
and seizure as the common presenting feature in 60%, 50%,
and 38%, respectively.” We observed that hemiparesis was the
most common presenting features in patients with PML. This
was in accordance with the study conducted by Fanjul ez a/.
which found motor deficits in the majotity of the patients.?? We
further observed that hemiparesis and seizure were the two most
common presenting features in patients with CNS tuberculoma.
Similar results were reported by Marais ¢f al., where focal
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neurological deficit was found in 66% of the patients followed by
headache (62%) and seizure (34%)." Hemiparesis and confusion
were the two most common presenting features of patients
with neurocysticercosis. This contrasted with the record-based
study conducted by Jewell ¢f 4/, which mentioned seizures and
headache as the most common symptoms of neurocysticercosis
in patients with HIV.%!

We observed that the mean CD4 count was
331.9 + 2259 cells/mm®, and the majority of the patients
had CD4 count >200 cells/mm’ 53.3%). The mean CD4
count among patients with toxoplasmosis (82.41 * 9.87),
PCNSL (175.17 £ 38.19), and PML (190.92 £ 32.71)
was <200 cells/mm? and was statistically significant, whereas the
count in those with tuberculoma, neurocysticercosis, and brain
abscess was >200 cells/mm?®. Similar results were reported in a
study conducted by Pillay ¢z a/., where the mean CD4 count was
lowest in toxoplasmosis (94 + 8.5 cells/mm?) and was on higher
side in tuberculoma (187.5 * 53 cells/mm?) and brain abscess
(235.3 + 301.6 cells/mm?).”l We also observed that the mean CD4
cell countin patients with tuberculoma (605.18 £ 76.99 cells/mm?)
and brain abscess (522.93 + 106.14 cells/mm’) were on the higher
side. Though the mean CD4 count in tuberculoma patients was
higher, in this study, relative to other studies, it is not surprising
as even in individuals with preserved cell-mediated immune
tesponses and CD4 count of >200 cells/mm?’, caseating tich foci
in the brain cortex can cause tuberculomas especially in endemic

regions such as India."

Latent T. gondii bradyzoites are converted active tachyzoites,
based on the level of immunosuppression, and the occurrence
of toxoplasmosis increases in HIV-infected individuals
with CD4+ cell counts of <100 cells/mm’. This finding is
documented in most of the studies™” and has been established
in this study as well. PML, a demyelinating disease of the brain,
is caused by the John Cunningham virus infection. This virus
is ubiquitous in >50% population and gets reactivated typically
at a decreased CD4 cell count.?! In agreement with this study,
Sharma e al. reported a mean CD4 count of <200 cells/
mm’® in patients with PML.I In the late stage of AIDS,
Epstein—Barr virns (EBV) infection may cause PCNSL due to
dysregulation of the immune system and B-cell stimulation
of decrease in CD8 T cells by HIV and mutations in tumor
suppressor genes by EBV. PCNSL occurs late in HIV
when the CD4 count is very low (usually <50 cells/mm?).
Bayraktar ¢z al. reported 75 £ 13 cells/mm? as the mean CD4
count in HIV-positive patients with PCNSL, which is less than
that found in this study.*" The mean CD4 count, in this study,
was 175.17 + 38.19 cells/mm?, which was a surprising finding as
most of the literature has reported counts below 50 cells/mm’
in PCNSL.

In this study, the majority of the CNS lesions were located in the
frontal region (38.66%) followed by the parietal (32.66%) region.
The frontal lobe was the most common region in toxoplasmosis,
PCNSL, neurocysticercosis, and brain abscess, while the patients
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with tuberculoma and PML had the involvement of the parietal
lobe. Although SOL can affect any part of the CNS, results
similar to this study were reported by Pillay ¢z a/., where frontal,
parietal, and basal ganglia were the three most common regions
affected.P! Bayraktar e al. reported frontal, periventticular,
and temporal as the most common location for PCNSL.F!
Mohammadian and Butt reported frontal and parietal lobes
P Sharma e al. reported

supratentorial white matter lesions in cerebral hemispheres as
[25)

as common site for tuberculoma.
the most common site for PML.

We observed that 9.33% of the patients died during the hospital
stay. Toxoplasmosis and tuberculoma were the two conditions
that led to mortality. Almost similar results were reported in a
study conducted by Pillay ¢ a/, where the mortality rate was
8.18%.F In two other studies, mortality was reported in around
20% of the patients with SOL.I**" The low mortality in this
study might be due to the lack of long-term follow-up of the
patients.

The study had certain limitations, including lack of collection
and analysis of data on treatment, correlation of symptoms with
location of SOL, lack of analysis of HIV viral load, and lack of
long-term follow-up.

Conclusion

To conclude, tuberculoma followed by toxoplasmosis was the
most common cause of CNS SOL. The majority of the CNS
lesions were in the frontal and parietal regions. Hemiparesis and
seizure were the two most common clinical presentations. The
mean CD4 count was significantly low in toxoplasmosis and
PCNSL relative to other etiologies of SOL in patients with HIV.
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