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Abstract
Objectives: Neurocysticercosis (NCC) and human immunodeficiency virus (HIV) have 
a high disease burden and are prevalent in overlapping low- and middle-income areas. 
Yet, treatment guidance for people living with HIV/AIDS (PLWH/A) co-infected with 
NCC is currently lacking. This study aims to scope the available literature on HIV/AIDS 
and NCC co-infection, focusing on epidemiology, clinical characteristics, diagnostics 
and treatment outcomes.
Methods: The scoping literature review methodological framework, and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses guidelines were followed. A 
total of 16,969 records identified through database searching, and 45 additional records 
from other sources were reduced to 52 included studies after a standardised selection 
process.
Results: Two experimental studies, ten observational studies, 23 case series/case re-
ports and 17 reviews or letters were identified. Observational studies demonstrated 
similar NCC seroprevalence in PLWH/A and their HIV-negative counterparts. Of 29 
PLWH/A and NCC co-infection, 17 (59%) suffered from epileptic seizures, 15 (52%) 
from headaches and 15 (52%) had focal neurological deficits. Eighteen (62%) had vi-
able vesicular cysts, and six (21%) had calcified cysts. Fifteen (52%) were treated with 
albendazole, of which 11 (73%) responded well to treatment. Five individuals potentially 
demonstrated an immune-reconstitution inflammatory syndrome after commencing 
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I N TRODUC TION

Neurocysticercosis (NCC) is caused by the parasitic ces-
tode Taenia solium, which has a complex zoonotic lifecycle. 
Clinical manifestations usually result from the degener-
ation of parasites located in the central nervous system, 
and depend on the host's immune response, and number, 
size and location of cysts [1]. Signs and symptoms are pleo-
morphic, ranging from epileptic seizures, headaches, focal 
neurological deficits and increased intracranial pressure to 
a range of other manifestations including psychiatric dis-
orders [2,3].

In endemic areas, NCC accounts for approximately 
one third of all cases of epilepsy [4] and is ranked as the 
‘foodborne parasite of greatest global concerns’, with an 
estimated burden of 1.37 million Disability Adjusted Life 
Years (DALYs) in 2019 [5,6]. According to the most recent 
endemicity map for T.  solium taeniosis/(neuro)cysticer-
cosis of WHO, Latin America, South and South-East Asia 
and sub-Saharan Africa are endemic [7]. These regions 
are also endemic for human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/AIDS), 
indicating potential for interaction between these two 
diseases.

Pathophysiological interactions between HIV/AIDS and 
other co-infections such as malaria, tuberculosis and ne-
glected tropical diseases (including helminthiases) have 
been previously described [2,8–11]. However, to date little is 
known about NCC-HIV/AIDS co-infection [12,13]. People 
living with HIV/AIDS (PLWH/A) with asymptomatic NCC 
may develop an immune-reconstitution inflammatory syn-
drome (IRIS) when starting on antiretroviral therapy (ART), 
converting to symptomatic NCC [14]. There is also a poten-
tial risk of drug interactions between anti-epileptic drugs 
(AEDs), ART and anthelmintics in PLWH/A with NCC-
associated seizures [15].

We, therefore, conducted a scoping review to map the lit-
erature on PLWH/A co-infected with NCC and their treat-
ment and address the following question: what is known 
from the existing literature about the treatment of PLWH/A 
with NCC? This review adds to one recently published by 
Herrera et al. [16] through additional discussion of observa-
tional studies and further investigation regarding treatment 
of this patient group.

M ETHODS

Identifying the research question

This work formed part of the WHO Guideline Development 
Proposal for the Diagnosis and Treatment Guidelines for 
Taenia solium Neurocysticercosis (AA, ASW) and initially 
aimed to answer two PICO (population, intervention, con-
trol, outcomes) questions (Supplementary File). As prepara-
tory work indicated that high-quality literature is scarce 
(Supplementary File), the research question for the scop-
ing review [17,18] was formulated in a broader way: What 
is known from the existing literature about the treatment of 
PLWH/A and symptomatic NCC?

Identifying relevant studies

The following electronic databases were searched: PubMed, 
Embase, Global Index Medicus (limited to Regional 
Databases LILACS, AIM, WPRIM; IMSEAR, IMEMR), 
Global Health (CABI) and Web of Science. The adaptation 
of the search terms to the different databases, the date of 
search and the number of publications identified per data-
base as well as further details on the search are presented 
in Supplementary File. After deduplication, a sub-search 
for HIV/AIDS-related papers was conducted and further 
corroborated with results of a manual search of the entire 
identified literature (Supplementary File). Finally, cross-
referencing, personal communications and presentations of 
the PICO questions at CYSTINET (European Network on 
Taeniosis/Cysticercosis, COST Action TD 1302, September 
2016, Slovenia) were used to complement the literature 
search (AA, ASW).

Study selection

The inclusion and exclusion criteria, pre-defined in the 
study protocol, were formulated broadly to include any type 
of literature with information on NCC and HIV/AIDS with-
out any further limitations (Supplementary File). Included 
were publications on PLWH/A and NCC. No further restric-
tions were applied for intervention, comparator or outcome. 

antiretroviral therapy, although this was in the absence of immunological and neuro-
imaging confirmation.
Conclusions: There is a paucity of evidence to guide treatment of PLWH/A and NCC 
co-infection. There is a pressing need for high-quality studies in this patient group to 
appropriately inform diagnostic and management guidelines for HIV-positive patients 
with NCC.

K E Y W O R D S
AIDS, co-infection, HIV, neurocysticercosis, Taenia solium, taeniosis
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Studies reporting on individuals with NCC but without 
HIV/AIDS, or PLWH/A but without NCC, were excluded. 
Literature was first screened based on title and abstract 
against the inclusion and exclusion criteria and then based 
on full text by one experienced reviewer in the field of NCC 
literature (AA). Two authors (PDJ and KGB) extracted the 
data onto a purpose-built, pre-defined spreadsheet.

Analysis

Data were analysed using Microsoft Excel (version 1906). 
Figure 2 was produced using R [17]. Calculation of 95% 

confidence intervals (95% CI) was performed using the 
Wilson score interval where appropriate [18].

R E SU LTS

Search results

Initially, 16,969 papers were identified by the overall search 
for NCC literature. After duplicate removal, 11,346 papers 
remained. An internal search for specific NCC–HIV/AIDS 
co-infection identified 494 publications. From the prelimi-
nary pilot search, 45 additional records and three additional 

F I G U R E  1   PRISMA flow chart presenting the search for relevant studies 
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studies (cross-referencing and personal communications) 
were added (Supplementary File). In total, 539 papers entered 
the screening process and 435 were excluded after screening 
of title and abstract. The full texts of the remaining 104 stud-
ies were assessed for eligibility, and 52 were excluded, mostly 
because both diseases were mentioned independently. 
Hence, 52 studies were included in the scoping review. No 
additional studies were identified after checking against the 
entire identified NCC literature database. Figure 1 presents 
the PRISMA [19] flow chart.

Of the 52 included studies, two experimental studies, 
ten observational studies (Supplementary File), 23 case se-
ries/case reports (Tables 2 and 3) and 17 reviews, letters or 
interviews relating to the research question were identified 
(Supplementary File). The geographical distribution of these 
are displayed in Figure 2.

Epidemiology, diagnostics and clinical features

In the following, references starting with S are in the 
Supplementary File. The prevalence of NCC in general pop-
ulations of PLWH/A, derived from five studies, ranged from 
1.1% to 10.2% (Table 1[S5,S9,S10,S11,S13]). One matched cross-
sectional study in Tanzania, of high methodological quality, 
demonstrated no significant difference between PLWH/A 
(n = 170) and their HIV-negative controls (n = 170) regard-
ing cysticercosis (CC) antibody (Ab) and antigen (Ag) sero-
prevalence (4/170 = 2.4% (95% CI = 0.6–5.9) CC-Ab positive 
in both groups, by electroimmunotransfer blot (EITB); and 
1/170 = 0.6% (95% CI = 0.4–2.9) CC-Ag positive in PLWH/A 
only, by monoclonal Ab (B158/B60 Ab-based capture ELISA) 

and NCC diagnosis based on computed tomography (CT) 
scan results (3/170 = 1.8% (95% CI = 0.6–5.1) in PLWH/A; CT 
scans were not performed routinely in HIV-negative controls 
due to ethical reasons)[S13]. A study in Beira, Mozambique 
demonstrated an overall seroprevalence of CC-Ab of 10.2% 
(61/601, 95% CI = 8–12.8, by Western blot Immunoglobulin 
G[IgG] test) in PLWH/A, with neither CD4 count nor ART 
significantly associated with seroprevalence[S10]. A study in 
Puducherry, India, reported a seroprevalence of 4% (4/100, 
95% CI  =  2–10, by Ab-ELISA test) in PLWH/A, which 
was lower (albeit not statistically significantly) than 6.1% 
(88/1442, 95% CI = 5–7.5, by Ab indirect haemagglutination 
(IHA) test) in a general population (HIV status not speci-
fied) in the same area [20][S11]. This should be interpreted 
with caution given differing study protocols and serologi-
cal tests used. An autopsy study in Mexico reported a 1.1% 
(1/94; 95% CI  =  0.2–5.8%) prevalence of NCC at autopsy 
in PLWH/A, not significantly lower than 2.4% (8/335; 95% 
CI = 1.2–4.6%) in matched HIV-negative controls; a similar 
prevalence of NCC in PLWH/A at autopsy of 1.9% (1/52; 95% 
CI = 0.3–10.1%) was found in a USA study (Table 1[S5,S9]). The 
prevalence of NCC based on CT scan results in PLWH/A 
presenting with specific neurological symptoms (as speci-
fied in Table 1) derived from two studies, ranged from 4.2% 
(2/47, 95% CI = 0.4–11.1) to 34.8% (8/23, 95% CI = 18.8–55.1) 
and was higher than in their respective HIV-negative con-
trols with 0% (0/51, 95% CI = 0.0–7.0) and 21.2% (7/33, 95% 
CI = 10.7–37.8), respectively (Table 1[S2,S6]).

Twenty-two case series and case reports of PLWH/A co-
infected with NCC were identified, which included a total 
of 29 cases (Table 2). Eleven cases (38%) were from Latin 
America, eleven (38%) from Africa and seven (24%) from 

F I G U R E  2   Dot map demonstrating the geographical distribution of included studies. Dots represent geographic locations of study sites. Dot size is 
proportional to number of studies in a particular area. Dot colour represents the type of study: case series/report, experimental or observational.
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Asia (Figure 2). Seventeen (59%) individuals suffered from 
epileptic seizures, 15 (52%) from headaches, 15 (52%) from 
a focal neurological deficit, nine (31%) of which were hemi-
paresis and five (17%) had signs/symptoms of raised in-
tracranial pressure. HIV and NCC were reported as being 
diagnosed at the same time or during the same presentation 
in 11/29 (38%) of cases. Nine cases (31%) had pre-existing 
HIV diagnosis, with a median time between HIV and NCC 
diagnoses of 14 months. Median CD4 count at time of NCC 
presentation was 294 (range = 10–750).

Fifteen (of 17 with available results, 88%) individuals had 
positive T. solium serology: seven were Ab-ELISA positive 
(two IgM, one IgG, four not specified), six Ab-EITB posi-
tive, and for two, the test was not specified. Two cases were 
found to have negative Ab serology for NCC, and diagnosis 
was confirmed by a visible scolex on brain imaging[S19,S21]. In 
both individuals, serology was positive for toxoplasmosis. All 
but one case (28/29, 97%), of subretinal cysticercosis (cysts 
visible on direct fundus examination), had positive imaging 
for NCC in the form of CT or magnetic resonance imaging 
(MRI). Eighteen individuals (62%) had viable vesicular cysts; 
thirteen (45%) had colloidal cysts, six (21%) had calcified cysts 
and three (10%) presented racemose cysts. The vast majority 
had intraparenchymal cysts (26/29, 90%), six (21%) had extra-
parenchymal cysts, two had (7%) spinal cysts[S17,S26], one had 
subretinal cysticercosis[S18] and one had subcutaneous nod-
ules (histologically confirmed)[S36] (Table 2).

Treatment

The two experimental studies identified were both per-
formed in South Africa and not further considered for 
this review, due to methodological quality and incomplete 
data[S3,S4]. Of the 29 PLWH/A summarised in Table 3, seven 
were already receiving ART at the time of NCC presenta-
tion and diagnosis. In four of these cases, patients presented 
with new-onset seizures 9–12  months after commencing 
ART[S15,S21,S24]. In a further case, a patient later deteriorated 
after commencing treatment with ART plus albendazole 
[21]. Four cases (14%) received surgery plus albendazole; 
two (7%) received surgery alone; 15 (52%) received alben-
dazole; four (14%) received praziquantel, and four (14%) 
did not receive either surgery or anthelmintics (Table 3). 
Eighteen patients were reported to receive adjuvant steroid 
therapy (eight dexamethasone, six prednisolone, four not 
specified). The most commonly used regimen was albenda-
zole 15 mg/kg body weight/day for 14‒28 days, with an ad-
juvant corticosteroid. Of 19 cases where ART is mentioned, 
17 (89%) were taking ART or commenced on ART. Nine of 
14 (64%) patients with epileptic seizures received an AED, 
in the remaining five cases it was not specified, and in one 
case, a patient without epileptic seizures was given an AED 
prophylactically.

Eleven of 15 (73%) PLWH/A receiving albendazole and 
not requiring surgery were reported to have had a favourable 
response to treatment with symptom resolution (Table 4). 

Of the seven with available follow-up imaging (all of whom 
had received albendazole), complete resolution of cysts was 
demonstrated in four cases (57%), partial resolution in two 
(29%) and persistent cysts in one (14%). In one case receiv-
ing albendazole and steroids (no details on dosage given), the 
patient had worsening left-sided weakness at two-month fol-
low-up. Symptoms later resolved after commencing ART[S29]. 
Similarly, in another case in the same case series, commenc-
ing albendazole and dexamethasone resulted in a transient 
worsening of mental status and ataxia, which later improved 
by day 12[S29]. One patient treated with albendazole (400 mg 
twice a day), plus adjuvant dexamethasone and ART com-
menced at the same time (zidovudine, lamivudine, lopina-
vir) deteriorated at day 14 after an initial improvement, with 
reduced level of consciousness, subsequently developing an 
aspiration pneumonia and later dying in the intensive care 
unit. Unfortunately, no information is provided as to whether 
repeat imaging was performed[S30]. One patient with sub-
arachnoid cysticerci with hydrocephalus, treated with alben-
dazole 400 mg twice daily and adjuvant prednisolone 100 mg 
daily, was readmitted, three days after self-discharging 
against medical advice, with progression of hydrocephalus 
and subsequently died[S21]. Of the three patients receiving 
praziquantel, one, undergoing a 14-day course with steroids, 
was reported to have no response to treatment, and one had 
persistent seizures at six-month follow-up (dose, duration 
and adjuvant treatment not specified). One patient died of 
complications of thrombocytopenia shortly after admission, 
with no detail of any treatment received[S35].

Seven patients (24%) were treated surgically, four with ad-
ditional albendazole, including two craniotomies with cyst 
excision, two laminectomies with removal of spinal cysts, 
one ventriculoperitoneal (VP) shunt insertion, one external 
ventricular drain and one case of laser photocoagulation. 
The two patients with spinal cysticercosis had persistent 
neurological deficits (hemiparesis and bladder dysfunction). 
Two of the remaining three patients treated surgically were 
reported to have had a good outcome on discharge, although 
no follow-up data were available. One patient received xenon 
arc photocoagulation for subretinal cysticercosis to good ef-
fect with complete resolution on repeat fundoscopy at two-
week follow-up (Table 4).

DISCUSSION

This scoping review describes the current range of clinical 
research in the area of HIV-NCC co-infection. The currently 
available published evidence and data, as highlighted here, 
are insufficient to allow a rigorous meta-analysis or under-
take a full systematic review. This study complements and 
expands on a recently published review into HIV and NCC 
co-infection [16], through an additional focus on treatment. 
We identify a pressing need for high-quality clinical research 
into the treatment and management of this patient group.

The seroprevalence of NCC has been shown to be similar 
in general populations of PLWH/A and their HIV-negative 
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T A B L E  3   Case reports: treatment and outcomes of people living with HIV/AIDS co-infected with neurocysticercosis

Case #
Study lead author 
[Referencea ] Year Age Sex

Country of 
origin Surgery Anthelmintic, dose, duration (days) Steroid, dose Seizures, AED

Antiretroviral 
therapy Other therapy Clinical outcome Radiological outcome

1 Agaba et al. [S14] 2018 49 M Namibia N ALB 800 mg/d 14 PRED 30 mg/d N N TDF, FTC, EFV N Favourable Complete resolution

2 Anand et al. [S15] 2015 35 M India N ALB 15/mg/
kg/d

28 PRED NK Y NK Y* N Favourable NK

3 Anand et al. [S15] 2015 40 M India N ALB 15/mg/
kg/d

28 PRED NK Y LEV Y* N Favourable, no further seizures NK

4 Chianura et al. [S16] 2006 22 F Ecuador N ALB 800 mg/d 30 DEX 8 mg/d N PHE ZDV, 3TC, ABC N Favourable Improvement with 
calcification of cysts

5 Delobel et al. [S17] 2003 45 M Haiti Laminectomy and epidural cyst 
removal

ALB 800 mg/d 10 NK N N ZDV, 3TC, ABC N Improved but persistent 
symptoms

Complete resolution

6 George et al. [S18] 1999 32 M India Xenon arc photocoagulation N N N N ZDV Anti-TB* Favourable N/A

7 Giordani et al. [S19] 2014 24 M Burkino Faso N ALB 15 mg/
kg/d

14 DEX 8 mg/d Y NK NK Anti-toxo* Favourable Near-complete resolution

8 Gupta et al. [S20] 2012 13 M India N ALB NK 14 Y* NK Y VAL, PHE NK N Favourable NK

9 Itani et al. [S21] 2013 39 F Thailand External ventricular drain ALB 800 mg/d NK PRED 100 mg/d N N N N Died N/A

10 Jung et al. [S22] & 
Lillie et al. [S23]

2008 26 F DRC N PZQ 50 mg/
kg/d

NK DEX NK Y Y* N AP Favourable Improved appearance

11 Martins et al. [S24] 2015 36 F Brazil N ALB 15 mg/
kg/d

8 NK Y PHE D4T, 3TC, EFV PYR/SLD Favourable NK

12 Millogo et a. [S25] 2013 34 M Burkina Faso N ALB NK NK PRED NK Y CBZ NK N Favourable, no further seizures NK

13 Motsepe et al. [S26] 2012 46 F South Africa Laminectomy and epidural cyst 
removal

ALB 15 mg/
kg/d

NK DEX 8 mg/d N N NK N Persistent weakness NK

14 Okome-Nkoumou 
et al. [S27]

2010 27 F Gabon N ALB 15 mg/
kg/d

NK PRED 1 mg/kg/d Y PHB NK N Favourable Complete resolution

15 Pandey et al. [S28] 2005 24 M India N PZQ 50 mg/
kg/d

NK NK N N Y* AMB NK NK

16 Prasad et al. [S29] 2006 51 F India N ALB NK NK Y* NK Y Y* Y* Anti-toxo* Delayed clinical improvement Persistent lesions

17 Prasad et al. [S29] 2006 40 M Honduras N N N Y Y* Y* Anti-toxo* Favourable NK

18 Prasad et al. [S29] 2006 72 M Peru N ALB NK NK DEX NK N N N N Delayed clinical improvement NK

19 Ramos et al. [S30] 2007 36 F Colombia N ALB 800 mg/d NK DEX 16 mg/d N N ZDV, 3TC, 
LOPr

Anti-toxo* Died N/A

20 Ruziev et al. [S31] 2010 27 F Honduras N ALB NK NK NK Y NK Y* Anti-toxo* 
GCV

Favourable, no further seizures NK

21 Serpa et al. [S32] 2007 35 M Hispanic Craniotomy and cyst excision NK NK Y NK TDF, 3TC, EFV N Favourable NK

22 Soto-Hernández et al. 
[S33]

1996 29 M Mexico Craniotomy and cyst excision ALB 15 mg/
kg/d

NK NK N N ZDV N Favourable NK

23 Soto-Hernández et al. 
[S33]

1996 41 F Mexico VP shunt N DEX NK N N NK PYR, SXT Favourable NK

24 Taha et al. [S34] 2013 34 F DRC N ALB 15 mg/
kg/d

15 DEX 6 mg/d Y PHE, CBZ TDF, FTC, 
ATV/r

N Favourable Complete resolution

25 Thornton et al. [S35] 1992 40 M Zimbabwe N ALB NK 14 Y* NK Y N NK N Slight improvement NK

26 Thornton et al. [S35] 1992 30 M Zimbabwe N PZQ NK 14 Y* NK N N NK N No improvement NK

27 Thornton et al. [S35] 1992 36 M Zimbabwe N PZQ NK NK NK Y PHE NK N Persistent seizures NK

28 Thornton et al. [S35] 1992 25 M Zimbabwe N NK NK Y NK NK N Died N/A

29 White et al. [S36] 1995 29 M Mexico N N NK N N NK AMB Favourable NK

Abbreviations: 3TC, lamivudine; ABC, abacavir; AED, anti-epileptic drug; ALB, albendazole; AMB, amphotericin B; AP, antipsychotic; ATZ/r, atazanavir and ritonavir; 
CBZ, carbamazepine; d, day; DEX, dexamethasone; DRC, Democratic Republic of Congo; EFV, efavirenz; FTC, emtricitabine; GCV, ganciclovir; LEV, levetiracetam; LOP/r, 
lopinavir and ritonavir; N, No/none; N/A, not applicable; NK, not known or not specified; PHB, phenobarbital; PHE, phenytoin; PRED, prednisolone; PYR, pyrimethamine; 
PZQ, Praziquantel; SLD, sulfadiazine; SXT, trimethoprim/sulfamethoxazole;TB, tuberculosis; TDF, tenofovir; VAL, sodium valproate; VP, ventriculoperitoneal; Y, Yes; ZDV, 
zidovudine.
aReferences as numbered in Supplementary File.
*Agent not specified.
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controls, with no statistically significant association with 
CD4 count, in keeping with other HIV-helminth co-infection 
studies [10,11]. The reported lower prevalence of NCC in 
PLWH/A compared with their HIV-negative controls doc-
umented in other studies [20,22] may be due to impaired 
CC serodiagnosis due to immunosuppression. Supporting 

this, negative CC serology was described in two HIV-NCC 
co-infection case reports [unspecified [23] and immunoblot, 
LDBio [24]], both of which had CD4 counts <50 and NCC di-
agnosis confirmed radiologically with vesicular and colloidal 
vesicular cysticerci with visible scoleces [23,24]. Mason et al. 
1992 also described false negative CC serological testing in 

T A B L E  3   Case reports: treatment and outcomes of people living with HIV/AIDS co-infected with neurocysticercosis

Case #
Study lead author 
[Referencea ] Year Age Sex

Country of 
origin Surgery Anthelmintic, dose, duration (days) Steroid, dose Seizures, AED

Antiretroviral 
therapy Other therapy Clinical outcome Radiological outcome

1 Agaba et al. [S14] 2018 49 M Namibia N ALB 800 mg/d 14 PRED 30 mg/d N N TDF, FTC, EFV N Favourable Complete resolution

2 Anand et al. [S15] 2015 35 M India N ALB 15/mg/
kg/d

28 PRED NK Y NK Y* N Favourable NK

3 Anand et al. [S15] 2015 40 M India N ALB 15/mg/
kg/d

28 PRED NK Y LEV Y* N Favourable, no further seizures NK

4 Chianura et al. [S16] 2006 22 F Ecuador N ALB 800 mg/d 30 DEX 8 mg/d N PHE ZDV, 3TC, ABC N Favourable Improvement with 
calcification of cysts

5 Delobel et al. [S17] 2003 45 M Haiti Laminectomy and epidural cyst 
removal

ALB 800 mg/d 10 NK N N ZDV, 3TC, ABC N Improved but persistent 
symptoms

Complete resolution

6 George et al. [S18] 1999 32 M India Xenon arc photocoagulation N N N N ZDV Anti-TB* Favourable N/A

7 Giordani et al. [S19] 2014 24 M Burkino Faso N ALB 15 mg/
kg/d

14 DEX 8 mg/d Y NK NK Anti-toxo* Favourable Near-complete resolution

8 Gupta et al. [S20] 2012 13 M India N ALB NK 14 Y* NK Y VAL, PHE NK N Favourable NK

9 Itani et al. [S21] 2013 39 F Thailand External ventricular drain ALB 800 mg/d NK PRED 100 mg/d N N N N Died N/A

10 Jung et al. [S22] & 
Lillie et al. [S23]

2008 26 F DRC N PZQ 50 mg/
kg/d

NK DEX NK Y Y* N AP Favourable Improved appearance

11 Martins et al. [S24] 2015 36 F Brazil N ALB 15 mg/
kg/d

8 NK Y PHE D4T, 3TC, EFV PYR/SLD Favourable NK

12 Millogo et a. [S25] 2013 34 M Burkina Faso N ALB NK NK PRED NK Y CBZ NK N Favourable, no further seizures NK

13 Motsepe et al. [S26] 2012 46 F South Africa Laminectomy and epidural cyst 
removal

ALB 15 mg/
kg/d

NK DEX 8 mg/d N N NK N Persistent weakness NK

14 Okome-Nkoumou 
et al. [S27]

2010 27 F Gabon N ALB 15 mg/
kg/d

NK PRED 1 mg/kg/d Y PHB NK N Favourable Complete resolution

15 Pandey et al. [S28] 2005 24 M India N PZQ 50 mg/
kg/d

NK NK N N Y* AMB NK NK

16 Prasad et al. [S29] 2006 51 F India N ALB NK NK Y* NK Y Y* Y* Anti-toxo* Delayed clinical improvement Persistent lesions

17 Prasad et al. [S29] 2006 40 M Honduras N N N Y Y* Y* Anti-toxo* Favourable NK

18 Prasad et al. [S29] 2006 72 M Peru N ALB NK NK DEX NK N N N N Delayed clinical improvement NK

19 Ramos et al. [S30] 2007 36 F Colombia N ALB 800 mg/d NK DEX 16 mg/d N N ZDV, 3TC, 
LOPr

Anti-toxo* Died N/A

20 Ruziev et al. [S31] 2010 27 F Honduras N ALB NK NK NK Y NK Y* Anti-toxo* 
GCV

Favourable, no further seizures NK

21 Serpa et al. [S32] 2007 35 M Hispanic Craniotomy and cyst excision NK NK Y NK TDF, 3TC, EFV N Favourable NK

22 Soto-Hernández et al. 
[S33]

1996 29 M Mexico Craniotomy and cyst excision ALB 15 mg/
kg/d

NK NK N N ZDV N Favourable NK

23 Soto-Hernández et al. 
[S33]

1996 41 F Mexico VP shunt N DEX NK N N NK PYR, SXT Favourable NK

24 Taha et al. [S34] 2013 34 F DRC N ALB 15 mg/
kg/d

15 DEX 6 mg/d Y PHE, CBZ TDF, FTC, 
ATV/r

N Favourable Complete resolution

25 Thornton et al. [S35] 1992 40 M Zimbabwe N ALB NK 14 Y* NK Y N NK N Slight improvement NK

26 Thornton et al. [S35] 1992 30 M Zimbabwe N PZQ NK 14 Y* NK N N NK N No improvement NK

27 Thornton et al. [S35] 1992 36 M Zimbabwe N PZQ NK NK NK Y PHE NK N Persistent seizures NK

28 Thornton et al. [S35] 1992 25 M Zimbabwe N NK NK Y NK NK N Died N/A

29 White et al. [S36] 1995 29 M Mexico N N NK N N NK AMB Favourable NK
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PLWH/A [25]. Furthermore, the prevalence of NCC by CT 
radiological diagnosis was higher for PLWH/A presenting 
with neurological symptoms compared with HIV-negative 
controls, further alluding to potentially impaired NCC sero-
diagnosis in this clinical sub-group. However, the differences 
were not statistically significant [26].

Regarding the effect of HIV infection on clinical presen-
tation, in case reports (albeit with very small sample sizes), 
patients with active stages of the disease with lower CD4 
counts were less likely to suffer from epileptic seizures (33%) 
compared to those with higher CD4 counts (75%), and those 
reported in studies of HIV-negative individuals (63%) [1,3]. 
This suggests that immunosuppression may alter disease 
presentation, although this cannot be concluded from case 
reports alone. Of note, focal neurological deficits, particu-
larly hemiparesis, were described in 52% (and 31% respec-
tively) of PLWH/A co-infected with NCC, compared with 
much lower rates described in HIV-negative studies (11.8% 
[3]), which again may indicate an association between HIV 
infection and more atypical NCC presentation. This is 
consistent with another study, demonstrating higher NCC 
prevalence in PLWH/A presenting with an acute focal neu-
rological deficit compared with HIV-negative controls [27]. 
A study by Carabin et al. reports similar frequency of ep-
ileptic seizures (56%) and headaches (52%) compared with 
HIV-negative populations [3], which differs slightly from the 
conclusions by Herrera et al. [16], which may be explained 
by reporting of single (as opposed to multiple) neurological 
signs/symptoms. It is important to note that due to the na-
ture of our study, especially when referring to data from case 
series, differences may also be explained by confounding 
variables such as differences in performed investigations, es-
pecially neuroimaging and intervals of follow-up, which we 
were unable to control for.

Regarding radiological findings, including the stage and 
location of cysts, we found a greater frequency of active cysts 
(59% vesicular and 48% colloidal) compared with studies in 
HIV-negative populations (36% vesicular and 30% colloi-
dal [28]), and similarly fewer cases with inactive calcified 
cysts (19% vs 64% [28]). This raises a question of whether 

HIV-related immunodeficiency delays the degradation and 
inactivation of cysts. Similarly to Herrera et al. [16], we 
found an increased frequency of spinal cysts and giant rac-
emose cysts compared with HIV-negative populations [28].

The majority of patients with HIV-NCC co-infection de-
scribed in case reports responded well to medical treatment, 
of which albendazole plus corticosteroid therapy was the most 
commonly used and effective regimen. The importance of ap-
propriate management of raised intracranial pressure needs to 
be emphasised and warrants different therapeutic approaches 
based on the underlying cause, that is corticosteroid therapy 
for cysticercal encephalitis versus an endoscopic approach or 
shunt for obstructive hydrocephalus [2]. Poor outcomes have 
been reported when managing intraventricular NCC with VP 
shunt insertion in PLWH/A [29], which may indicate a role 
for minimally invasive endoscopic surgery [30], although this 
is not readily available in resource-poor settings. Although a 
high proportion of case reports of HIV-NCC co-infection de-
scribed multiple viable cysts, none were treated with albenda-
zole plus praziquantel combination therapy, which has shown 
better cyst resolution with a similar side-effect profile com-
pared with mono-anthelmintic therapy [30].

This review highlights that IRIS may develop in patients 
with HIV-NCC co-infection after commencing ART. In 
four cases, patients developed new-onset seizures nine to 
12 months after commencing ART and were subsequently 
diagnosed with NCC [14,31,32], although the time intervals 
may be too long to be considered IRIS. In a further case, a 
patient presenting with headache and a CD4 count of 13, si-
multaneously diagnosed with intraparenchymal NCC and 
HIV, after an initial improvement, went on to deteriorate 
with reduced level of consciousness and died in intensive 
care after treatment with corticosteroids, albendazole and 
ART had been commenced [21]. Although we have neither 
immunological nor imaging confirmation of a potential 
IRIS diagnosis, the possibility cannot be ruled out either. 
Therefore, the potential for an IRIS-type reaction should be 
considered when commencing patients on ART.

Patients with HIV-NCC co-infection may require treat-
ment with three different drug classes: ART, anthelmintics 

T A B L E  4   Case reports: summary table of treatment, additional medications and adverse outcomes of people living with HIV/AIDS co-infected with 
neurocysticercosis

Treatment
Number of 
cases

Adjuvant 
steroid

Anti-
epileptic 
therapy

Antiretroviral 
therapy

Favourable 
outcome Adverse outcomes

Albendazole 15 / 29 
(52%)

13 / 15 
(87%)

8 / 15 (53%) 9 / 15 (60%) 11 / 15 
(73%)

1 (7%) died
3 (20%) delayed or slight clinical 

response

Praziquantel 4/ 29 (14%) 2 / 4 (50%) 2 / 4 (50%) 1 / 4 (25%) 2 / 4 (50%) 2 (50%) persistent or no improvement 
in symptoms

Surgery 
+Albendazole

4 / 29 (15%) 0 0 0 1 / 4 (25%) 1 (25%) died
2 (50%) persistent symptoms

Surgery alone 3 / 29 (10%) N/A 0 2 / 3 (67%) 3 / 3 (100%) Nil reported

None / not specified 3 / 29 (10%) N/A 1 / 3 (33%) 1 / 3 (33%) 2 / 3 (67%) 1 (33%) died

Abbreviation: N/A, not applicable.
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and AEDs, yet little is known about risks and drug inter-
actions when used simultaneously in clinical practice. The 
interaction between drugs used against HIV infection and 
epilepsy is well described [33]. ART and AEDs have both been 
demonstrated to decrease the level of anthelmintics. Ritonavir 
has been demonstrated to decrease plasma concentrations of 
albendazole due to cytochrome P450 (CYP) induction [34]. 
Furthermore, first-generation AEDs can also decrease con-
centrations of albendazole and praziquantel through CYP 
induction [35,36]. However, to the best of our knowledge, a 
study investigating whether a combination of antiretrovirals 
and AEDs decreases anthelmintic levels under their thera-
peutic concentration has yet to be performed and would be 
necessary to determine whether these drug interactions are 
clinically relevant. Finally, although anthelmintics are gener-
ally considered safe with most antiretrovirals, one case report 
has described a possible interaction between zidovudine and 
albendazole resulting in bone marrow suppression [37].

Looking beyond PLWH/A, the behaviour of NCC in 
other immunosuppressive states is also poorly understood 
and no formal studies have been conducted. One case report 
describes an atypical presentation with widespread cardio-
pulmonary cysticercosis without much local inflammatory 
reaction and widespread calcifications in the brain on au-
topsy in a patient with leukaemia [38]. Another case report 
reviews a patient with occurrence of active NCC with epi-
leptic seizures one month after liver transplant and recur-
rence of active NCC with loss of consciousness four months 
after anthelmintic treatment [39]. There was also a report of 
a meningoencephalitic presentation in a patient starting two 
weeks after renal transplantation with diffuse neurological 
signs/symptoms and personality change on clinical examina-
tion, later developing neck stiffness and polymorphonuclear 
pleocytosis on cerebrospinal fluid examination [40]. In addi-
tion, we found two cases with active symptomatic NCC with 
epileptic seizures in another liver transplant patient [41] and 
a haematopoietic stem cell transplant leukaemia patient [42], 
four and a half years and two weeks after transplantation, 
respectively. All four NCC patients showed multiple intra-
parenchymal cysts with neuroinflammation, for example per-
ilesional oedema was seen on neuroimaging in three cases. 
Neurological signs/symptoms subsided under anthelmintic 
therapy in all four patients and cysts regressed or disappeared 
completely. However, the exact relationship between the ex-
acerbation of symptomatic NCC and the immunosuppressive 
therapy could not be ascertained, as information on type of 
medication, dosage and potential change in dosage was not 
provided consistently.

CONCLUSIONS A N D 
R ECOM M E N DATIONS

In neurologically asymptomatic PLWH/A, there seems to be 
no indication of a higher NCC seroprevalence compared to 
HIV-negative controls. Conversely, in PLWH/A that present 
with neurological signs/symptoms, a higher NCC prevalence, 

although not statistically significant, has been identified. 
There is some suggestion that clinical and radiological pres-
entations of NCC may be different in PLWH/A compared 
with their HIV-negative controls with a higher proportion of 
symptomatic, multi-cystic disease. Although current evidence 
to guide treatment of PLWH/A and NCC co-infection is lack-
ing, based on our findings and available literature, for patients 
with simultaneous diagnosis of HIV and NCC an appropriate 
approach may be to treat NCC as per current guidelines prior 
to commencing ART, to minimise potential risk of IRIS [30]. 
Furthermore, for patients from an NCC-endemic area with a 
new diagnosis of HIV, clinicians could consider performing 
CC serology prior to commencing ART, although negative se-
rological results may be unreliable in cases of low CD4 count. 
Drug interactions between antiretrovirals, anthelmintics and 
AEDs are not fully understood but should be considered. 
Overall, at present, there is insufficient evidence to definitively 
recognise differences in incidence, presentation, treatment or 
outcomes of NCC in those with or without HIV infection. 
There is a pressing need for high-quality studies in PLWH/A 
co-infected with NCC, to appropriately inform diagnostic and 
management guidelines for this patient group.
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