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Introduction
With more than 8.2 million people living with HIV/AIDS in 2021, South Africa contributes 
approximately 21% to the global burden of the disease.1 About 71% of the HIV-infected population 
in South Africa receive antiretroviral treatment (ART).2 Over the years, different ART regimens have 
been used because serious side effects of early antiretroviral drugs had caused significant morbidity 
and mortality and better drugs became available.3 The non-nucleoside reverse transcriptase 
inhibitor (NNRTI) efavirenz was, until recently, the preferred component of first-line ART. It is 
metabolised predominantly by the cytochrome P450 enzyme CYP2B6. Loss of function 
polymorphisms in the CYP2B6 gene increase the plasma concentrations of efavirenz4 and play a role 
in the interaction of efavirenz with other antiretroviral drugs or anti-tuberculous (TB) medication.5

Efavirenz commonly causes early neuropsychiatric toxicity, which is usually not severe enough 
to warrant discontinuation of the drug and typically resolves despite continuing efavirenz.6,7 
However, from around 2016, symptoms of severe efavirenz toxicity with a delayed onset were 
recognised in adults and children.8,9,10 Cerebellar ataxia and encephalopathy constitute the main 
features of this new clinical syndrome, which was coined ‘late-onset’ toxicity.11 It was soon 
evident that these findings occurred especially in women and children associated with a low 
body weight. Polymorphisms in the CYP2B6, have also been associated with slower efavirenz 
metabolism and toxicity.12 If not recognised early, these side effects can lead to significant 
morbidity and to the death of patients.8

In 2017, the South African guidelines for first-line ART were updated.13 Efavirenz has been 
replaced by dolutegravir since 2020. Efavirenz is still recommended for patients with 
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tuberculosis and many patients have opted to stay on 
efavirenz if they are doing well. A recent study reported a 
slightly higher prevalence of neural-tube defects and 
major external structural defects in babies born to mothers 
exposed to dolutegravir compared to other types of ART, 
but this could not be confirmed in other studies.14,15,16 A 
South African modelling study found an overall benefit of 
dolutegravir compared to efavirenz, due to fewer deaths 
among women and less overall HIV transmission, despite 
a higher risk of neural-tube defects.17 Thus, considering 
benefits, risks and costs, dolutegravir-based regimens 
are  now preferred for ART initiation, including in 
women  intending pregnancy, in  sub-Saharan Africa.18,19 
Nevertheless, some women of childbearing potential 
might, after adequate counselling about the individual 
risks and benefits, opt against dolutegravir during 
pregnancy. Efavirenz remains a good first-line ART 
option  for individuals who do not tolerate dolutegravir, 
or where this drug is contraindicated or declined by the 
patient.19

At Kalafong Provincial Tertiary Hospital (KPTH), we have 
seen an increasing number of patients with ataxia and 
encephalopathy due to late-onset efavirenz toxicity and still 
encounter them despite the widely implemented new ART 
regimen. With this study, we aim to characterise the clinical 
spectrum of late-onset efavirenz toxicity.

Objectives
The objectives of this study were to identify patients with 
late-onset efavirenz toxicity seen at KPTH and describe their 
clinical presentation. In addition, we aimed to collect data 
about co-morbidities and outcomes and compare these 
findings with results from other studies on this topic. Finally, 
efavirenz levels were compared between different subgroups 
in our case series.

Methods
This descriptive cohort study was conducted at KPTH, a tertiary 
academic hospital affiliated to the University of Pretoria, South 
Africa. Data were collected over a three-year period, with a 
retrospective (01 January 2018  –  31 December 2019) and a 
prospective arm (01 January 2020 – 31 December 2020).

We included all adult inpatients and outpatients with HIV 
on an efavirenz-based ART regimen with neuropsychiatric 
symptoms and signs consistent with late-onset efavirenz 
toxicity and laboratory-confirmed toxic efavirenz levels. 
For the retrospective period, discharge summaries from 
patients admitted to the hospital were screened, files were 
retrieved from the records department and data transferred 
into a standardised and anonymised data collection sheet. 
Additionally, a list of all patients with toxic efavirenz levels 
done at our institution was obtained from the National 
Health Laboratory Service (NHLS) and their files were 
scrutinised, and if the patients had symptoms of efavirenz 
toxicity, they were included and their data extracted. We 

considered neuropsychiatric symptoms to be associated 
with toxic efavirenz levels if no other cause was 
identified. Routine investigations for encephalopathy were 
undertaken. In the prospective arm, we obtained written 
consent for study participation before data collection. All 
participants in the prospective arm and most in the 
retrospective arm were assessed by a  neurologist. 
We  excluded individuals with toxic efavirenz levels due 
to  intentional overdose or without neuropsychiatric 
symptoms of toxicity.

Efavirenz levels were quantified at NHLS at Charlotte 
Maxeke Johannesburg Academic Hospital using ultra-high 
performance liquid chromatography with tandem mass 
spectrometry.

Data collected for this study included demographic data, 
laboratory and imaging results, data about clinical presentation, 
course of disease and outcome. Data were exported to a 
Microsoft Excel sheet and results analysed using statistical 
software package IBM®  Statistical Package for Social Sciences 
(SPSS) version 28. We used frequencies for descriptive statistics; 
for efavirenz levels, the normality of the distribution was tested 
with Shapiro-Wilks test and Q-Q plot. For normally distributed 
data, variables were reported as means and standard deviation.

Ethical considerations
Data collection started after ethical clearance was granted 
from the University of Pretoria (Research Ethics Committee 
of the Faculty of Health Sciences) and from the Research 
Committee of KPTH (reference number: 224/2020). Participation 
was voluntary and all participants in the prospective arm 
provided written informed consent. In individuals with 
encephalopathy or psychosis, the consent was obtained 
when the person had regained the ability to consent. In 
addition, a special form for ‘consent by proxy’ was approved 
by the Ethics Committee. The data were anonymised to 
ensure the privacy and confidentiality of the participants’ 
information.

Results
Demographics
Over the three-year period, we identified 47 participants 
with efavirenz levels in the toxic range (> 4 µg/mL). Seven 
patients were excluded: one had intentionally overdosed on 
his HIV medication; four had no neuropsychiatric symptoms, 
and two only had a polyneuropathy with no central nervous 
system symptoms. (A flow chart illustrating the exclusion 
process is available as Online Appendix 1). Twenty-nine 
participants were recruited retrospectively (2018–2019) and the 
remaining 11 prospectively in 2020.

Most of the participants were female (n = 37, 92.5%). The 
mean age was 42.1 years (standard deviation [s.d.]: 12.6), 
with three participants younger than 25 (7.5%) and one older 
than 65 (2.5%).
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HIV-related data
The demographic characteristics and HIV baseline data are 
summarised in Table 1. Regarding the duration of ART use, 
17 individuals were on an efavirenz-based regimen for 
one year or less, representing 42.5% of the participants with a 
known duration of HIV treatment. The others were on 
treatment for more than one year. Most of the participants 
(n = 26, 65.0%) had CD4 counts of greater than 200 cells/µL, 
with nine (22.5%) showing a normal CD4 count above 
500 cells/µL. The HIV viral load was suppressed in 85.0% of 
participants. 

Clinical presentation
The majority of participants (n = 36) presented with cerebellar 
ataxia and/or encephalopathy. Out of 33 participants 
who  presented with cerebellar signs, 17 did not have 
encephalopathy; they were ataxic but fully alert, without 
cognitive impairment. Most of the 19 participants with 
encephalopathy also had cerebellar signs, with only three 
patients being encephalopathic without ataxia.

Four participants (10%) presented with psychosis without 
encephalopathy and only one of those had ataxia. Only two 
participants in the retrospective arm had nystagmus as part 
of the cerebellar presentation. No  participant in the 
prospective arm had nystagmus. Four individuals (10%) had 
additional features of distal symmetrical polyneuropathy at 
presentation. All of these had identifiable causes (vitamin 
B12 deficiency, isoniazid [INH] treatment) for a neuropathy in 
addition to the underlying HIV infection itself. Two patients 
had additional neurological symptoms; one had tetraparesis 
(with encephalopathy) and one hemiparesis (with ataxia). 
Table 2 illustrates the clinical presentation of the participants.

Efavirenz levels
The mean efavirenz level for all participants was 49.0 µg/mL 
(s.d.: 24.8) with a minimum level of 8.0 µg/mL, and a maximum 
level of 96.0 µg/mL. This level is about 12 times higher than the 
upper limit of the therapeutic range of efavirenz, defined as  
1.0 µg/mL – 4.0 µg/mL. The mean efavirenz levels of different 
subgroups are shown in Table 3.

Co-infection and co-medication
The most common co-infection was TB, which was found in 
nine participants. One participant had serological evidence 
of a cryptococcal infection, but the cerebrospinal fluid (CSF) 
was negative for all cryptococcal tests, and two patients 
had  syphilis. Table 4 summarises co-infections and co-
medications.

Additional investigations
Thirty-three patients underwent cerebral imaging with 
computerised tomography (CT) and out of those, 11 later 
had magnetic resonance imaging (MRI) to exclude an 

alternative diagnosis. Twenty-four of the CT scans were 
normal. Nine CT scans showed abnormalities, three in 
keeping with general cerebral atrophy, three scans had 
small granulomata or calcifications, and two showed small 
hypodensities suggestive of old infarcts. One scan revealed 
a small, supratentorial space-occupying lesion, which we 
assessed to be most likely a tuberculoma (the patient had 
TB, including TB meningitis). Out of 11 MRI scans, only one 
showed an additional finding, namely that of cerebellar 
atrophy in the participant with persistent ataxia.

Thirty-four participants had a lumbar puncture (LP) 
performed and out of these, the CSF was normal in 28. The 
CSF was abnormal in six cases (three showed non-specific 
abnormalities probably due to the underlying HIV infection: 
one had mild pleocytosis and two increased protein levels; 

TABLE 1: Demographic characteristics and HIV-related data of patients with 
late-onset efavirenz toxicity.
Variable n (40) Mean s.d.

Gender
Female 37 - -

Male 3 - -

Age in years - 42.1 12.6

Female - 42.2 12.8

Male - 41.3 13.1

Duration of HIV infection
≤ 1 year 12 - -

> 1 years to ≤ 2 years 1 - -

> 2 years to ≤ 5 years 11 - -

> 5 years to ≤ 10 years 6 - -

> 10 years 5 - -

Unknown duration 5 - -

Duration of antiretroviral treatment
≤ 1 year 17 - -

> 1 year to ≤ 2 years 1 - -

> 2 year to ≤ 5 years 9 - -

> 5 years to ≤ 10 years 5 - -

> 10 years 2 - -

Unknown duration 6 - -

CD4 cell count (cells/µL)
< 100 4 - -

100–199 9 - -

200–499 17 - -

> 500 9 - -

Unknown 1 - -

HIV viral load (copies/mL)
Suppressed (< 20) 34 - -

20–999 0 - -

> 1000 4 - -

Unknown 2 - -

s.d., standard deviation.

TABLE 2: Clinical presentation of patients with late-onset efavirenz toxicity.
Clinical signs n

Ataxia (or other cerebellar signs) 33

Encephalopathy 19

Ataxia and encephalopathy 16

Psychosis 4

Polyneuropathy 4

Others† 2

Note: Some patients with more than one sign.
†, Other presentations included one participant with hemiparesis and one with tetraparesis.
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furthermore, one had a positive treponema pallidum 
haemagglutination test and two a combination of pleocytosis 
and elevated protein, of which one had TB meningitis). Nine 
participants had an electroencephalogram (EEG) recorded, 
all of them were pathological. Eight recorded diffuse 
slowing  in keeping with encephalopathy, and one showed 
an epileptiform dysfunction.

Blood results showed abnormalities in 16 participants (40%) 
and mainly consisted of abnormal liver function tests (LFT). 
Out of 12 individuals with abnormal LFTs, only one had 
severe liver impairment. Other abnormalities included two 
cases with positive syphilis serology, one with abnormal 
thyroid stimulating hormone (TSH) levels, and one with a 
positive serum cryptococcal antigen test.

Outcome
Efavirenz was provisionally stopped in all participants with 
suspected toxicity and later discontinued, once the 
supratherapeutic levels were confirmed. In participants with 
suppressed HIV viral loads, a single drug switch was done 
from efavirenz to either lopinavir/ritonavir (LPV/r) or 
atazanavir/ritonavir (ATV/r), depending on the lipogram. 
In those instances where the viral load was not suppressed, 
a  regimen change to zidovudine/lamivudine (AZT/3TC) 
and either LPV/r or ATV/r was performed.

Of the 36 individuals discharged from KPTH, 32 were 
asymptomatic at discharge. Participants on average 
improved after two weeks without efavirenz. Only one 
participant recovered in less than one week; three 
participants needed 3–4 weeks to improve. The remaining 
four patients had mild residual symptoms at discharge and 
at 6-month follow up. One participant remained severely 
ataxic, unable to mobilise independently and requiring a 

wheelchair and full assistance in her activities of daily living. 
Her MRI of the brain was abnormal, showing cerebellar 
atrophy and we investigated her extensively for alternative 
causes of cerebellar disease.

Four patients passed away during the hospital admission. 
The deaths were most likely related to the efavirenz toxicity 
because these patients were encephalopathic and ataxic and 
were bedridden, with complications secondary to these 
factors leading to their death.

Discussion
With this study, we contribute to the limited data about 
late-onset efavirenz toxicity in HIV-positive patients. To the 
knowledge of the authors, this case series is the largest single-
centre study describing clinical presentation and outcome of 
these patients.

Most side effects of efavirenz manifest soon after initiation of 
the drug with central nervous symptoms such as dizziness, 
sleep disturbances, depression and anxiety.7 Often, these 
symptoms are mild and transient, but more severe cases have 
been reported.20,21 In addition, a study using data from four 
AIDS clinical trial group studies in the United States found a 
twofold increased risk for suicidality with an efavirenz-
containing antiretroviral regimen compared to a regimen 
without efavirenz.22

Only recently, an association between efavirenz toxicity and 
a delayed onset of ataxia and encephalopathy in adults and 
children has been reported.8,9 In these reports, high levels of 
efavirenz were detected and an algorithm for the management 
of late-onset neurotoxicity, including change of the 
antiretroviral regimen, was proposed.11

Although further research regarding the underlying 
mechanisms involved in neurotoxicity of efavirenz is needed, 
there is some evidence indicating that disturbances in 
mitochondrial function and bioenergetics of cells in the 
central nervous system are important factors.23 The major 
metabolite of efavirenz, 8-hydroxy-efavirenz, was found to 
be toxic in neuron cultures and in humans. Altered calcium 
homeostasis, decreased creatine kinase in the brain, 
mitochondrial damage, as well as increased pro-inflammatory 
brain cytokines and cannabinoid system involvement may 
all be potential mechanisms in the development of toxicity.24 
Other, recent studies assume a more direct effect of efavirenz. 
In a study using pharmacokinetic simulations, the efavirenz 
concentrations in brain tissue were found to be higher 
compared to plasma or CSF concentrations and in a recent 
study of patients with late-onset efavirenz toxicity, the 
8-hydroxy-efavirenz levels were even decreased.12,25

In the first case series of patients with late-onset efavirenz 
toxicity, the authors already observed a female preponderance 
and a strong association with low body weight.8 These risk 
factors were confirmed by other authors, and later the 
concomitant use of INH was found to increase efavirenz 

TABLE 4: Co-infections and co-medication at presentation in patients with 
late-onset efavirenz toxicity.
Variable n

Infection
Tuberculosis 9

Syphilis 2

Cryptococcus neoformans 1

Cytomegalovirus 1

Medication
Anti-tuberculous medication† 9

Isoniazid prophylaxis‡ 9

†, Anti-tuberculosis treatment consisted of isoniazid, rifampicin, ethambutol and pyrazinamide 
in first 2 months and isoniazid and rifampicin from the third month; ‡, isoniazid 300 mg daily.

TABLE 3: Efavirenz levels in different subgroups.
Variable Mean (µg/mL) n s.d.

Total group 49.0 40 24.8

Ataxia (only) 55.3 33 22.4

Encephalopathy (only) 51.5 19 25.7

Encephalopathy/ataxia 52.1 36 24.1

Psychosis 25.0 4 11–47

Tuberculous (TB) treatment/Isoniazid (INH) 58.1 18 23.5

INH (only) 64.0 9 11.7

s.d., standard deviation.
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levels and result in neuropsychiatric toxicity.11 A recent study 
of 15 patients with late-onset efavirenz toxicity found that all 
had polymorphisms of CYP2B6 which result in slower 
metabolism of efavirenz.12 Isoniazid inhibits the CYP2A6 
enzyme, which is an accessory pathway to metabolise 
efavirenz. Although usually only a small proportion of 
efavirenz is metabolised via this enzyme, it becomes more 
important in slow metabolisers.26,27 INH co-medication has 
been shown to be an important additional risk factor for the 
development of efavirenz-associated toxicity.11

The efavirenz levels in our participants varied from just above 
therapeutic level to almost 100.0 µg/mL, with a mean 
efavirenz level of 49.0 µg/mL. Reports from other centres 
show similar efavirenz levels as found in our study – Variava 
et al. reported supratherapeutic levels in 19/20 patients (more 
than twice the upper limit of normal), with 15 showing 
concentrations that exceeded the upper limit of assay detection 
which was 20 mg/L in their laboratory.8 In the study by Van 
Rensburg et al., the median efavirenz plasma concentrations 
were 50.5 (47.0–65.4) µg/mL in participants with late-onset 
efavirenz toxicity, which was almost identical to our results.12

Consistent with other studies, cerebellar ataxia was  
the most common presenting clinical sign, found in  
33 participants (82.5%). Nineteen (47.5%) had some degree 
of encephalopathy, which varied from confusion to coma. 
Most of the participants with encephalopathy also had 
ataxia, with only three patients being encephalopathic 
without ataxia. Variava et  al. reported similar findings, 
where 11 of 20 patients had encephalopathy with ataxia 
and the remaining patients had isolated ataxia.8

Variava et al. found that no patient in their case series of 
20 with severe cerebellar ataxia had nystagmus. Cross et al. 
found nystagmus in four out of seven patients, while Van 
Rensburg et  al. reported nystagmus in two out of 15 
participants with late-onset efavirenz toxicity.11,12 

In our case series, only two participants out of 33 with 
cerebellar ataxia were found to have nystagmus.

Four of our participants had acute psychosis  as the 
presenting feature. These individuals did not show a 
reduced level of consciousness or confusion but  had 
delusions and hallucinations. One out of these four had 
cerebellar ataxia. Cross et  al. described two patients who 
had a mood disorder and psychotic symptoms prior to 
their  presentation with ataxia and encephalopathy, one 
requiring admission to a psychiatric ward.11 In 2002, Sabato 
et  al. reported a female patient with a previous history of 
mental illness, who was on antipsychotic therapy and 
benzodiazepines, developing severe psychosis and catatonia 
associated with toxic efavirenz levels.20 Other isolated case 
reports with acute psychosis, have been reported.28,29 The 
possibility of psychosis as a clinical manifestation of late-
onset efavirenz toxicity should be further investigated, and 
we suggest that psychosis occurring in patients on efavirenz-
containing ART should prompt measuring efavirenz levels.

Although four patients had polyneuropathy as an additional 
clinical sign, we do not consider this as a clinical presentation 
directly related to efavirenz. There was no temporal 
association of the neuropathy and the efavirenz toxicity and 
alternative causes for a neuropathy were found in all patients, 
in addition to the underlying HIV infection. 

Regarding the outcome, we found similar results as previous 
reports of patients with late-onset efavirenz toxicity. Most 
patients, 80%, had a resolution of symptoms after 
discontinuation of efavirenz while still in the hospital, usually 
within two weeks. Four patients had residual symptoms at the 
time of discharge, but only one patient remained severely 
ataxic, unable to walk unassisted and requiring help in all 
activities of daily life.

Unfortunately, four participants (10%) passed away during 
their hospital stay. This corresponds to data from Variava 
et al.: in their cohort, three out of 20 women died.

This study has some limitations. As a combined retrospective 
and prospective analysis, complete data were not available 
for all patients. For example, weight was not measured in the 
retrospective study period. In addition, we did not test for 
CYP2B6 genotypes and, therefore, do not know what 
proportion of our patients were slow metabolisers. As in 
previous studies of patients with late-onset efavirenz toxicity, 
our number of participants is relatively low. Therefore, 
although we found trends comparing efavirenz levels of 
different subgroups, further statistical analysis was limited 
due to the small numbers.

Conclusion
With this single-centre study, we contribute 40 patients 
with late-onset efavirenz toxicity, adding to the limited data 
currently available. Although female gender was 
predominant, male patients may also present with efavirenz 
toxicity. Our results validate an association between efavirenz 
toxicity and INH. In addition to ataxia and encephalopathy, 
psychosis might be a presenting feature in late-onset toxicity 
and should prompt efavirenz level testing.

Acknowledgements
For helpful discussions and manuscript revision we thank D. 
van Zyl and A. Zimper. 

Competing interests
The authors declare that they have no financial or personal 
relationships that may have inappropriately influenced 
them in writing this article. 

Authors’ contributions
All authors contributed to the final manuscript. L.M. 
conducted the literature review, data collection and cleaning 
as well as assisted in manuscript write-up. J.H. conducted 

http://www.sajhivmed.org.za�


Page 6 of 6 Original Research

http://www.sajhivmed.org.za Open Access

the  study design, literature review, data analysis and 
manuscript write-up. M.d.V. and C.M.S. assisted with 
analysis and manuscript review.

Funding information
This research received no specific grant from any funding 
agency in the public, commercial or not-for-profit sectors.

Data availability
The data that support the findings of this study are available 
from the corresponding author, J.H., upon reasonable request.

Disclaimer
The views and opinions expressed in this article are those 
of the authors and do not necessarily reflect the official 
policy of the affiliated institutions of the authors.

References
1.	 Mid-year population estimates [homepage on the Internet]. Pretoria: Department 

of Statistics South Africa; 2021 [cited 2021 Sept 13]. Available from: http://www.
statssa.gov.za/publications/P0302/Mid%20year%20estimates%202021_
presentation.pdf

2.	 UNAIDS. Data 2019 webpage [homepage on the Internet]. 2019 [cited 2021 Aug 16]. 
Available from: https://www.unaids.org/en/regionscountries/countries/southafrica

3.	 Murphy RA, Sunpath H, Kuritzkes DR, Venter F, Gandhi RT. Antiretroviral 
therapy-associated toxicities in the resource-poor world: The challenge of a 
limited formulary. J Infect Dis. 2007;196(suppl. 3):S449–S456. https://doi.
org/10.1086/521112

4.	 Swart M, Skelton M, Ren Y, Smith P, Takuva S, Dandara C. High predictive value of 
CYP2B6 SNPs for steady-state plasma efavirenz levels in South African HIV/AIDS 
patients. Pharmacogenet Genom. 2013;23(8):415–427. https://doi.org/10.1097/
FPC.0b013e328363176f

5.	 Bienvenu E, Swart M, Dandara C, Ashton M. The role of genetic polymorphisms in 
cytochrome P450 and effects of tuberculosis co-treatment on the predictive value 
of CYP2B6 SNPs and on efavirenz plasma levels in adult HIV patients. Antiviral Res. 
2014;102:44–53. https://doi.org/10.1016/j.antiviral.2013.11.011

6.	 Gaida R, Truter I, Grobler C, Kotze T, Godman B, A review of trials investigating 
efavirenz-induced neuropsychiatric side effects and the implications. Expert Rev 
Anti Infect Ther. 2016;14(4):377–388. https://doi.org/10.1586/14787210.2016.1
157469

7.	 Kenedi CA, Goforth HW. A systematic review of the psychiatric side effects of 
efavirenz. AIDS Behav. 2011;15:1803–1818. https://doi.org/10.1007/s10461-011-
9939-5

8.	 Variava E, Sigauke FR, Norman J, et al. Brief report: Late efavirenz-induced ataxia 
and encephalopathy: A case series. J Acquir Immune Defic Syndr. 2017;75(5):​
577–579. https://doi.org/10.1097/QAI.0000000000001451

9.	 Hauptfleisch MPK, Moore DP, Rodda JL. Efavirenz as a cause of ataxia in children. 
S Afr Med J. 2015;105(11):897–898. https://doi.org/10.7196/SAMJnew.8780

10.	 Pinillos F, Dandara C, Swart M, et al. Case report: Severe central nervous system 
manifestations associated with aberrant efavirenz metabolism in children: The 
role of CYP2B6 genetic variation. BMC Infect Dis. 2016;16:56. https://doi.
org/10.1186/s12879-016-1381-x

11.	 Cross HM, Chetty S, Asukile MT, Hussey HS, Lee Pan EB, Tucker LM. A proposed 
management algorithm for late onset efavirenz neurotoxicity. S Afr Med J. 
2018;108(4):271–274. https://doi.org/10.7196/SAMJ.2017.v108i4.12914

12.	 Van Rensburg R, Nightingale S, Brey N, et al. Pharmacogenetics of the late-onset 
efavirenz neurotoxicity syndrome (LENS). Clin Infect Dis. 2022;75(3):399–405. 
https://doi.org/10.1093/cid/ciab961

13.	 Meintjes G, Moorhouse MA, Carmona S, et  al. Adult antiretroviral therapy 
guidelines 2017. S Afr J HIV Med. 2017;18(1):a776. https://doi.org/10.4102/
sajhivmed.v18i1.776

14.	Zash R, Holmes L, Diseko M, et  al. Neural-tube defects and antiretroviral 
treatment regimens in Botswana. N Engl J Med. 2019;381(9):827–840. https://
doi.org/10.1056/NEJMoa1905230

15.	 Money D, Lee T, O’Brien C, et  al. Congenital anomalies following antenatal 
exposure to dolutegravir: A Canadian surveillance study. BJOG. 2019;126(11): 
1338–1345. https://doi.org/10.1111/1471-0528.15838

16.	 Pereira GFM, Kim A, Jalil EM, et  al. Dolutegravir and pregnancy outcomes in 
women on antiretroviral therapy in Brazil: A retrospective national cohort study. 
Lancet HIV. 2021;8(1):e33–e41. https://doi.org/10.1016/S2352-3018(20)30268-X

17.	 Dugdale CM, Ciaranello AL, Bekker LG, et al. Risks and benefits of dolutegravir- 
and efavirenz-based strategies for South African women with HIV of child-bearing 
potential: A modeling study. Ann Intern Med. 2019;170(9):614–625. https://doi.
org/10.7326/M18-3358

18.	 Phillips AN, Bansi-Matharu L, Venter F, et  al. Updated assessment of risks and 
benefits of dolutegravir versus efavirenz in new antiretroviral treatment initiators 
in sub-Saharan Africa: Modelling to inform treatment guidelines. Lancet HIV. 
2020;7(3):e193–e200. https://doi.org/10.1016/S2352-3018(19)30400-X

19.	 Nel J, Dlamini S, Meintjes G, et  al. Southern African HIV clinicians society 
guidelines for antiretroviral therapy in adults: 2020 update. S Afr J HIV Med. 
2020;21(1):1115. https://doi.org/10.4102/sajhivmed.v21i1.1115

20.	 Sabato S, Wesselingh S, Fuller A, Ray J, Mijch A. Efavirenz-induced catatonia. AIDS. 
2002;16(13):1841–1842. https://doi.org/10.1097/00002030-200209060-00024

21.	 Lingeswaran A. Antiretroviral treatment induced catatonia in 16-year-old boy. J 
Pediatr Neurosci. 2014;9(3):283–285. https://doi.org/10.4103/1817-1745.147598

22.	 Mollan KR, Smurzynski M, Eron JJ, et al. Association between efavirenz as initial 
therapy for HIV-1 infection and increased risk for suicidal ideation or attempted or 
completed suicide: An analysis of trial data. Ann Intern Med. 2014;161(1):1–10. 
https://doi.org/10.7326/M14-0293

23.	 Apostolova N, Funes HA, Blas-Garcia A, Galindo MJ, Alvarez A, Esplugues JV. 
Efavirenz and the CNS: What we already know and questions that need to be 
answered. J Antimicrob Chemother. 2015;70(10):2693–2708. https://doi.
org/10.1093/jac/dkv183

24.	 Decloedt EH, Maartens G. Neuronal toxicity of efavirenz: A systematic review. 
Expert Opin Drug Saf. 2013;12(6):841–846. https://doi.org/10.1517/14740338.20
13.823396

25.	 Curley P, Rajoli RK, Moss DM, et al. Efavirenz is predicted to accumulate in brain 
tissue: An in silico, in vitro, and in vivo investigation. Antimicrob Agents Chemother. 
2016;61(1):e01841-16. https://doi.org/10.1128/AAC.01841-16

26.	 Court MH, Almutairi FE, Greenblatt DJ, et  al. Isoniazid mediates the CYP2B6*6 
genotype-dependent interaction between efavirenz and antituberculosis 
drug therapy through mechanism-based inactivation of CYP2A6. Antimicrob Agents 
Chemother. 2014;58(7):4145–4152. https://doi.org/10.1128/AAC.02532-14

27.	McIlleron HM, Schomaker M, Ren Y, et  al. Effects of rifampin-based 
antituberculosis therapy on plasma efavirenz concentrations in children vary by 
CYP2B6 genotype. AIDS. 2013;27(12):1933–1940. https://doi.org/10.1097/
QAD.0b013e328360dbb4

28.	 Shah MD, Balderson K. A manic episode associated with efavirenz therapy for HIV 
infection. AIDS. 2003;17(11):1713–1714. https://doi.org/10.1097/00002030-
200307250-00024

29.	 Hinsch MC, Reichelt D, Husstedt IW. Akute Psychose als Nebenwirkung der 
Therapie mit efavirenz bei metabolischer Anomalie: Eine wichtige 
Differenzialdiagnose HIV-assoziierter Psychosen [Acute psychosis as a side effect 
of efavirenz therapy with metabolic anomalies: An important differential diagnosis 
of HIV-associated psychoses]. Nervenarzt. 2014;85(10):1304–1308. https://doi.
org/10.1007/s00115-014-4157-9

http://www.sajhivmed.org.za�
http://www.statssa.gov.za/publications/P0302/Mid%20year%20estimates%202021_presentation.pdf�
http://www.statssa.gov.za/publications/P0302/Mid%20year%20estimates%202021_presentation.pdf�
http://www.statssa.gov.za/publications/P0302/Mid%20year%20estimates%202021_presentation.pdf�
https://www.unaids.org/en/regionscountries/countries/southafrica�
https://doi.org/10.1086/521112�
https://doi.org/10.1086/521112�
https://doi.org/10.1097/FPC.0b013e328363176f�
https://doi.org/10.1097/FPC.0b013e328363176f�
https://doi.org/10.1016/j.antiviral.2013.11.011�
https://doi.org/10.1586/14787210.2016.1157469�
https://doi.org/10.1586/14787210.2016.1157469�
https://doi.org/10.1007/s10461-011-9939-5�
https://doi.org/10.1007/s10461-011-9939-5�
https://doi.org/10.1097/QAI.0000000000001451�
https://doi.org/10.7196/SAMJnew.8780�
https://doi.org/10.1186/s12879-016-1381-x�
https://doi.org/10.1186/s12879-016-1381-x�
https://doi.org/10.7196/SAMJ.2017.v108i4.12914�
https://doi.org/10.1093/cid/ciab961�
https://doi.org/10.4102/sajhivmed.v18i1.776�
https://doi.org/10.4102/sajhivmed.v18i1.776�
https://doi.org/10.1056/NEJMoa1905230�
https://doi.org/10.1056/NEJMoa1905230�
https://doi.org/10.1111/1471-0528.15838�
https://doi.org/10.1016/S2352-3018(20)30268-X�
https://doi.org/10.7326/M18-3358�
https://doi.org/10.7326/M18-3358�
https://doi.org/10.1016/S2352-3018(19)30400-X�
https://doi.org/10.4102/sajhivmed.v21i1.1115�
https://doi.org/10.1097/00002030-200209060-00024�
https://doi.org/10.4103/1817-1745.147598�
https://doi.org/10.7326/M14-0293�
https://doi.org/10.1093/jac/dkv183�
https://doi.org/10.1093/jac/dkv183�
https://doi.org/10.1517/14740338.2013.823396�
https://doi.org/10.1517/14740338.2013.823396�
https://doi.org/10.1128/AAC.01841-16�
https://doi.org/10.1128/AAC.02532-14�
https://doi.org/10.1097/QAD.0b013e328360dbb4�
https://doi.org/10.1097/QAD.0b013e328360dbb4�
https://doi.org/10.1097/00002030-200307250-00024�
https://doi.org/10.1097/00002030-200307250-00024�
https://doi.org/10.1007/s00115-014-4157-9�
https://doi.org/10.1007/s00115-014-4157-9�

	Late-onset efavirenz toxicity: A descriptive study from Pretoria, South Africa
	Introduction
	Objectives
	Methods
	Ethical considerations

	Results
	Demographics
	HIV-related data
	Clinical presentation
	Efavirenz levels
	Co-infection and co-medication
	Additional investigations
	Outcome

	Discussion
	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Tables
	TABLE 1: Demographic characteristics and HIV-related data of patients with late-onset efavirenz toxicity.
	TABLE 2: Clinical presentation of patients with late-onset efavirenz toxicity.
	TABLE 3: Efavirenz levels in different subgroups.
	TABLE 4: Co-infections and co-medication at presentation in patients with late-onset efavirenz toxicity.



