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A child with HIV-associated transient cerebral arteriopathy
Transient cerebral arteriopathy (TCA) is a recently
described entity that is increasingly recognized as an
important cause of arterial ischaemic stroke (AIS) in
children. TCA typically causes a lenticulostriate infarct as
a result of a non-progressive unilateral intracranial
arteriopathy of the distal internal carotid artery (ICA)
and proximal middle cerebral artery (MCA) or anterior
cerebral artery (ACA) [1]. The diagnosis of TCA requires
follow-up vascular imaging, showing stabilization or
improvement of the arterial lesions, with or without
residual stenosis [1]. The arterial wall is thought to be
affected by an inflammatory process. TCA probably
represents a homogeneous group of diagnoses with
similarities in clinical course and vascular imaging, but
different aetiologies [1]. Infectious agents associated
with TCA include varicella-zoster virus, enterovirus
and Borrelia burgdorferi. We here present a patient with
HIV-associated TCA.

A 5-year-old boy was admitted with a one day history of
headache, speech problems and weakness of his right arm
and leg. Neurological examination revealed an expressive
aphasia, right facial droop and hemiparesis. The patient
had been diagnosed with AIDS (Centers for Disease
Control and Prevention classification A3) 5 months
earlier and HAART was then initiated, decreasing the
viral load from more than 750 000 to 398 copies/ml and
increasing the CD4 cell count from 30 to 216 cells/ml.
Magnetic resonance imaging on the day of admission
showed an infarct in the left lenticulostriate MCA
territory, and magnetic resonance angiography (MRA)
revealed occlusion of the left M1 segment of the MCA
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Fig. 1. Magnetic resonance angiography of the intracranial cerebra
initial occlusion of the middle cerebral artery (MCA, white arrow),
and proximal anterior cerebral artery (arrowhead) significantly im
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and stenosis of the distal ICA and proximal ACA (Fig. 1,
left). Prothrombotic and cardiac evaluation was normal;
cerebrospinal fluid showed a normal cell count and
protein, polymerase chain reaction was negative for HIV,
varicella-zoster virus, herpes simplex virus and enter-
ovirus, and cryptococcal antigen was negative. The
patient was given aspirin and improved markedly. Follow-
up MRA performed after 2 months showed recanaliza-
tion of the left MCA and improvement of the ACA and
ICA stenosis (Fig. 1, right). Six months later, neurological
examination was normal and a follow-up MRA was
unchanged.

Cerebrovascular disease in HIV-positive children has an
incidence of 1.3–2.6% [2,3], compared with 0.006% in
the entire paediatric population [4]. Both ischaemic and
haemorrhagic stroke occur, but the latter is uncommon
and is often caused by immune thrombocytopenia [2].
The aetiology of AIS in HIV-positive children and adults
differs markedly. In adults, stroke is usually caused by
opportunistic infections and lymphoma, whereas in
children it more often results from coagulopathy,
cardioembolism, aneurysms, subacute necrotizing ence-
phalopathy and arteriopathy [5].

A wide range of mechanisms causes arteriopathy in
HIV-positive patients. HIV-associated opportunistic
infections may cause cerebral vasculitis [6]. Aneurysmal
arteriopathy is a frequent cause of AIS in HIV-positive
patients, by focal thrombosis or vascular wall distortion
compromising the orifice of branching arteries [3]. The
most likely cause of non-aneurysmal arteriopathy not
orized reproduction of this article is prohibited.

l arteries, one day (left) and 2 months (right) after stroke. The
and stenosis of the distal internal carotid artery (black arrow)
proved at follow-up (recanalized MCA, white arrow).
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related to opportunistic infections is a secondary
HIV-associated vasculopathy [5,7–9]. From the literature
it is often unclear whether the HIV-associated vasculo-
pathies are progressive or not [5]. In one cohort study [8]
several adult patients had a confirmed non-progressive
stenosis of the MCA that was attributed to a non-specific
HIV-associated vasculopathy. To our knowledge there
are no reports of arteriopathic AIS in HIV-positive
children in whom follow-up vascular imaging was
performed.

Our report indicates that a transient and improving
arteriopathy can be associated with HIV in children. The
arteriopathy can be explained either by direct HIV
infection of the vascular wall or by an indirect
immunological effect of systemic HIV infection. The
absence of pleocytosis and the negative polymerase chain
reaction for HIV in the cerebrospinal fluid makes the
latter mechanism more plausible. The possibility of the
stroke being HAART associated, either directly or as a
result of immune reconstitution inflammatory syndrome,
was considered. A direct effect is unlikely given the
5-month interval between HAART initiation and
stroke, and the improvement of the vascular abnormalities
despite the unchanged administration of HAART.
Immune reconstitution inflammatory syndrome is
improbable because no opportunistic infection was
detected and the interval exceeded 3 months [10].

In view of the monophasic self-limiting course of TCA,
and the low recurrence risk of stroke after its initial phase,
we want to emphasize considering this non-progressive
arteriopathy as a cause of stroke in HIV-positive children.
When vascular imaging reveals an arteriopathy, the
possible treatable (infectious) causes should be excluded
first, before the diagnosis of TCA is considered. Follow-
up vascular imaging should then be performed, according
pyright © Lippincott Williams & Wilkins. Unauthor
to previously defined diagnostic guidelines [1]. Moreover,
this case report illustrates that HIV infection may be
contemplated in children diagnosed with TCA.
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Discontinuation of non-nucleoside reverse transcriptase inhibitor-based antiretroviral therapy: clinical
implications in patients on CD4 T-cell-guided treatment interruption
Ruiz and colleagues [1] found the frequent de novo
selection of non-nucleoside reverse transcriptase inhibitor
(NNRTI) resistance in the group in their study on guided
treatment interruptions (GTI) probably to be driven by
the simultaneous interruption of all drugs in patients
receiving NNRTI-containing regimens. They discour-
aged the inclusion of any drug with long plasma or low
geneticbarriers intoGTI regimensbecauseof the riskof the
de novo selection of resistant mutations.

Both United States and United Kingdom HIV treatment
guidelines ackowledge the difficulty of knowing the exact
duration of antiretroviral therapy cover required after
stopping NNRTI, and the optimal interval between
stopping efavirenz or nevirapine and other antiretroviral
drugs is unknown.

Their prolonged half-life leads to the detection of these
drugs for 1–3 weeks after discontinuation [2,3], and the
simultaneous interruption of all antiretroviral drugs in a
regimen containing these agents may therefore result in
functional monotherapy with the NNRTI. This in turn
increases the risk of the selection of NNRTI-resistant
mutations. Therefore some experts recommend stopping
NNRTI while continuing other antiretroviral drugs for
5–7 days [4,5]. We describe our experience in eight
patients who simultaneously interrupted all antiretroviral
drugs (including NNRTI) during CD4 T-cell GTI and
ized reproduction of this article is prohibited.
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Table 1. Antiretroviral regimens, date and months of interruption, and time length of undetectable viral load after reintroduction of the same
regimen.

Patient Antiretroviral therapy
Date of

interruption
Months of

interruption
Date of

restarting
Months with

HIV-RNA <50 copies/ml

1 ZDVþddCþ EFV 26.04.04 2 28.06.04 30
2 ZDVþ3TCþNVP 28.04.04 19 11.11.05 13
3 ZDVþ3TCþ EFV 14.06.04 11 15.05.05 19
4 d4Tþ3TCþNVP 27.05.04 9 31.03.05 21
5 ZDVþddIþ EFV 21.04.04 7 15.11.04 25
6 ZDVþ3TCþNVP 18.05.05 8 11.01.06 11
7 d4TþddIþ EFV 20.10.04 2 13.12.04 24
8 ddIþ3TCþ EFV 10.07.05 2 23.09.05 15

ddC, Zalcitabine; ddI, didanosine; d4T, stavudine; EFV, efavirenz; NVP, nevirapine; 3TC, lamivudine; ZDV, zidovudine.
obtained a rapid return of plasma viraemia to undetectable
levels after restarting the same regimen.

A total of 46 white European patients were enrolled in the
clinical study of CD4 T-cell GTI. Of these, 22 were on
NNRTI-based antiretroviral therapy. The criteria used to
stop antiretroviral therapy were a CD4 T-cell count of
500 cells/ml or greater and a plasma HIV-RNA level of
less than 50 copies/ml for at least 3 years. Patients
underwent laboratory evaluations 4 and 12 weeks after
stopping antiretroviral therapy and then every 3 months.
The criteria for restarting HAART were: (i) acute
retroviral syndrome; (ii) patient’s choice, independent of
the CD4 T-cell count; (iii) pregnancy; (iv) the onset of
HIV-related systemic symptoms (acute retroviral syn-
drome) or of opportunistic infections; (v) a CD4 T-cell
count decline to less than 250 cells/ml.

Four weeks after discontinuation, an antiretroviral
genotyping test (TruGene HIV-1 genotyping assay) was
performed to assess the presence of NNRTI-related point
mutations.

Fifteen patients restarted ART; eight of them (five
women, median age 42 years, range 37–55) were on
NNRTI (five on efavirenz and three on nevirapine). Four
patients were antiretroviral naive and four antiretroviral
experienced. Table 1 give details of the antiretroviral
regimens, the date and length of interruption, and
months of undetectable viral load reached after the
reintroduction of the same regimen. Viraemia was
undetectable again in all patients within 3 months of
the reintroduction of antiretroviral therapy, and continues
to be so.

Genotypic resistance tests failed to reveal mutations
conferring resistance to NNRTI in all patients (100%).
Few data are available on the discontinuation of NNRTI-
based therapy in order to avoid a monotherapy state and
the potential evolution of drug-resistant variants. Two
studies have documented how the duration of detectable
levels of these drugs after discontinuation ranges from less
than one week [4] to over 3 weeks [5], and the authors
suggested continuing the nucleoside reverse transcriptase
opyright © Lippincott Williams & Wilkins. Unauth
inhibitor backbone for a minimum of 5 days to a
maximum of 14 days after the discontinuation of NNRTI
in order to avoid the emergence of resistance.

Some authors have also shown that certain host genetic
polymorphisms, more common among African-
American and Hispanic individuals [6,7], result in slower
rates of clearance of these drugs. The optimal time
sequence for staggered component discontinuation has,
however, not been still determined.

Our results, in a small number of individuals, indicate that
white European patients with high CD4 T-cell numbers
and undetectable plasma HIV-RNA levels can simul-
taneously discontinue all components of their antire-
troviral regimen without developing point mutations
conferring resistance to NNRTI. We hypothesized that
the 4–7 day delay in viral rebound after therapy inter-
ruption, as shown by Neumann et al. [8], could explain
our results. Perhaps the risk of developing NNRTI
resistance when stopping all antiretroviral drugs simul-
taneously is more common when cessation occurs with a
detectable plasma viraemia, as suggested by others [4].
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Fatal myocardial co-infection by Toxoplasma gondii and Parvovirus B19 in an HIV patient
Myocarditis has been associated with a wide range of
infectious agents. Some microrganisms have a cardio-
myocyte tropism, whereas for others, such as Parvovirus
B19 (PVB19), the myocardial cellular target is represented
by endothelial cells [1,2]. Nevertheless, a vasculitis of the
intramural coronary vessels caused by PVB19 has never
been described.

We report a case of fatal myocarditis and small vessel
vasculitis related to a PVB19-Toxoplasma gondii co-
infection in an HIV-positive patient, clinically mimicking
an acute myocardial infarction.
Case report

A 45-year-old woman was admitted because of chest pain
and dyspnoea. Electrocardiogram revealed atrial fibrilla-
tion (160 bpm mean rate) with diffuse ST-segment
elevation and T-wave inversion. Echocardiography
showed moderate dilation with severe global left
ventricular hypokinesia (ejection fraction 0.25). The
myocardial type isoenzyme fraction of creatine kinase was
223 U/l (normal value < 10 U/l) and the troponin I level
was 6 ng/ml (normal value < 0.05 ng/ml). Unpredicta-
bly, coronary angiography showed a normal coronary
network. On the basis of a persistent marked lympho-
cytopenia (CD4 cells 76/ml, CD8 cells 1566/ml,
CD4 : CD8 ratio 0.05) a serological assay for HIV
antibodies was performed, which gave a positive result.
The HIV-RNA plasma level was greater than
500 000 copies/ml. Serology showed a positivity for
PVB19 and T. gondii IgG, whereas no evidence of active
infection was detected. Despite full medical therapy with
diuretics, angiotensin-converting enzyme inhibitors and
digitalis, the patient’s clinical condition worsened and
cardiac function progressively deteriorated (ejection
fraction 0.15). Ten days after admission the patient died
as a result of cardiac arrest.

Microscopic evaluation of the heart revealed diffuse
lymphocytic myocarditis, with a predominance of CD8
cells, diffusely infiltrating both the myocardium and
intramural vessels (Fig. 1a). Cardiomyocytes were focally
swollen by intracytoplasmic cysts containing trophozoites
of T. gondii (Fig. 1b). Polymerase chain reaction analysis
confirmed the presence of Toxoplasma DNA and
demonstrated the presence of the PVB19 genome
(Fig. 1c), whereas it was negative for other cardiotropic
viruses. Polymerase chain reaction on blood samples was
negative for PVB19 and T. gondii. Immunohistochemistry
for PVB19 antigen showed the presence of granular
intracytoplasmic staining in the endothelial cells of
intramural vessels, more evident in those surrounded
by severe inflammatory infiltrates (Fig. 1d), and was
negative in other cell types.

A previously undescribed myocardial inflammation
caused by T. gondii and PVB19 co-infection has been
reported. The major contribution of T. gondii was related
to its direct mechanism of cardiomyocyte damage, as
documented by the presence of intracytoplasmic cysts.
Conversely, PVB19 infection affected endothelial cells,
as shown by their strong positivity for viral antigens,
leading to vasculitis of the intramural vessels. The
synergic action of the two agents caused a severe
and rapidly progressive myocardial inflammation,
mimicking the clinical phenotype of an acute myocardial
infarction.

T. gondii is the most frequent protozoan causing
opportunistic infections in immunocompromised indi-
viduals, and has been observed in up to 12% of HIV
patients at necropsy [3]. Occasionally, Toxoplasma
myocarditis can occur in association with other infectious
ized reproduction of this article is prohibited.
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Fig. 1. Microscopic evaluation and polymerase chain reaction analysis of the heart, from the patient. (a) Cardiomyocytes and
intramyocardial vessel infiltration by CD8 lymphocytes (immunoperoxidase, 400�). (b) Prominent lymphocytic infiltrates around
myocytes that focally contain cysts of Toxoplasma gondii (arrow; haematoxylin and eosin 250�). (c) Nested polymerase chain
reaction analysis using primers designed to amplify a 102 base pair sequence of PVB19. Lane 1, serum from the patient; lane 2,
myocardium; lane 3, negative control (no template); lane 4, PVB19-positive control; lane 5, molecular weight marker. (d) Granular
intracytoplasmic positivity of VP1 and VP2 PVB19 antigens (cloneR92F6; Novocastra, Newcastle, UK) in endothelial cells of
intramyocardial vessels, surrounded by inflammatory infiltrates (immunoperoxidase 250�).
agents, but, as far as we know, co-infection with PVB19
has never been described.

Human PVB19 is a DNA virus member of the family of
Parvoviridae, and is emerging as a new agent associated with
myocarditis, dilated cardiomyopathy and isolated diastolic
dysfunction [1,2]. This agent has also been detected in
serum and tissue samples of patients with systemic vasculitis
syndromes [4]. In our patient, the presence of the PVB19
genome in the myocardium associated with the positivity
for viral antigens on endothelial cells and the absence of
serological evidence of an acute PVB19 infection suggests
that the virus entered the cells during a previous
asymptomatic infection and persisted in the latent phase
for many years, until unknown factors, possibly immu-
nodepression, induced transcriptional activity of PVB19,
resulting in acute symptomatic disease. The immunocom-
promised state could explain the occurrence of a previously
undescribed severe vasculitis of the intramyocardial vessels,
leading to endothelial dysfunction and impairment of
coronary microcirculation simulating ischaemic heart
disease. Moreover, PVB19 antigens can induce an
opyright © Lippincott Williams & Wilkins. Unauth
immune-mediated reaction with the release of proin-
flammatory cytokines and secondary myocyte necrosis and
inflammation [5]. The prominent lymphocytic infiltrates
of both myocytes and vessels, which are unusual for isolated
Toxoplasma myocarditis, support this hypothesis and a
relevant pathogenetic role for PVB19 infection.

Toxoplasmosis infection can receive a specific treatment
with confirmed clinical good results even in immuno-
compromised patients [3]. Moreover, PVB19-associated
vasculitis has been successfully treated with intravenous
immunoglobulin therapy [4].

An early diagnosis by endomyocardial biopsy and
molecular biology studies, with the prompt institution
of a specific anti-infectious treatment, might have
prevented the fatal course of myocardial infection.
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Successful long-course after failure of short-course d
esensitization in a patient with severe hypersensitivity
reaction to enfuvirtide
Enfuvirtide is a milestone in antiretroviral salvage
therapy. When combined with a backbone regimen
optimized through results of HIV drug resistance
testing, it allows virological control to be regained
even after many failures. Rare cases of hypersensitivity
reactions (HSR) to enfuvirtide have been described,
which may limit the possibility to benefit from this drug.
Less than 1% patients in the TORO trials experienced
HSR to enfuvirtide [1]. Two male patients have so
far been reported in the literature, both developing a
mild skin reaction, whose recurrence was successfully
prevented by short desensitization procedures [2,3].
It is currently unknown what is the actual pathogenesis
of the event and whether a short desensitization
procedure could be applied successfully to more severe
HSR.
Case report

A 34-year-old white woman who failed all three classes of
antiretroviral drugs (nucleoside and non-nucleoside
reverse transcriptase inhibitors and protease inhibitors)
was prescribed tenofovir/emtricitabine with darunavir
and enfuvirtide on the basis of resistance testing results
when her CD4 T-cell count was 306 cells/ml (14.6%) and
HIV plasma viral load was 63 000 copies/ml. Her nadir
CD4 T-cell count was 126 cells/ml (9%). After 5 weeks
from starting the new combination, she developed a
maculopapular generalized rash and described symptoms
possibly related to laryngopharyngeal oedema, with
breathing difficulties. Enfuvirtide was stopped and
prednisone was started at a dose of 25 mg a day. One
week later, the patient recovered from HSR.
For the sake of the diagnosis and trying to elucidate the
possible pathogenesis of this phenomenon, a skin test
evaluation was performed. In particular, we tested the
hypothesis of an IgE-mediated mechanism responsible for
the skin eruption. This hypothesis was formuled because
IgE-mediated reactions are held to be responsible for
clinical symptoms on the second administration of
allergen or during the first administration after at least
10 days of continuous treatment, as was the case with our
patient. A skin prick test was performed either with
enfuvirtide alone or with enfuvirtide previously incu-
bated with albumin, thanks to its ability to link to plasma
proteins, particularly albumin. Albumin preincubation
served to increase the molecular weight of enfuvirtide,
should it work as an aptenic drug. We performed a skin
prick test with enfuvirtide or enfuvirtide plus albumin at
the following dilutions 1 : 100, 1 : 10, and with the
undiluted drug. In the first instance, the skin prick test
turned out to be negative but after 2 h a pruritic diffuse
wheal eruption appeared. Therefore, we decided to start a
desensitization protocol.

This was initiated one week later according to protocols
described in the literature [2], starting with 0.00625 mg
of enfuvirtide, with subsequent dose increases at 1 h
intervals so as to reach the undiluted dose after 11 h.
Two hours after the highest dose, itching red lesions
appeared at the sites of the current and all the previous
injections in the abdomen and legs, notwithstanding the
administration of hydroxyzine cloridrate (25 mg three
times a day) during the entire procedure (see Fig. 1). A
punch biopsy was performed at one of the abdominal
lesions and stained with haematoxylin-eosin. Mixed
lymphocytic infiltrate with granulocytic and eosinophil
cell infiltrations were demonstrated, resembling the
ized reproduction of this article is prohibited.
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Fig. 1. Pruriginous and erythematous indurations developed
at the previous enfuvirtide injection site after the short
desensitization schedule (injection site reactions are indi-
cated by the arrows).
histological characteristics of an acute urticaria-like
pattern.

During the subsequent week, the patient recovered from
the nodular exanthema. At that time, a new protocol was
applied with a more gradual increase in dosages of
enfuvirtide (see Table 1). Hydroxyzine cloridrate was
continued. Through this protocol, the patient was
successfully desensitized and was continued on the
previously described combination. Ten weeks later, the
patient’s HIV-1 load was less than 50 copies/ml and the
CD4 T-lymphocyte count was 368 cells/ml (22.9%).

Enfuvirtide is an antiretroviral drug, electively used in
rescue regimens. Hypersensitivity reactions occur rarely,
but result in a treatment-limiting effect [1–4]. Our
patient experienced a diffuse cutaneous reaction. The
pathogenic mechanisms are unclear. A negative skin
opyright © Lippincott Williams & Wilkins. Unauth

Table 1. Prolonged enfuvirtide desensitization protocol (dose
increase was performed at intervals of 2 h).

Dose no. Enfuvirtide (mg) Dose no. Enfuvirtide (mg)

1 0.0009 16 4.5
2 0.0045 17 5.4
3 0.009 18 6.3
4 0.027 19 7.2
5 0.045 20 8
6 0.09 21 9
7 0.18 22 18
8 0.27 23 27
9 0.45 24 36

10 0.54 25 45
11 0.72 26 54
12 0.9 27 63
13 1.8 28 72
14 2.7 29 81
15 3.6 30 90
prick test did not corroborate the hypothesis of an
immediate IgE-mediated immune reaction. Never-
theless, after a latency of 2 h from the skin testing, the
patient developed a diffuse pruritic skin eruption,
suggesting a close link between the administration of
enfuvirtide and clinical symptoms. Because of the
known rapid development of resistance to this drug
[5,6], we started a literature-derived short course
desensitization protocol that turned out to be ineffective.
Interestingly, skin reactions developed at all previous
injection points. The local reactivation at the previous
injection sites of subcutaneous administration may have
been caused by cytokine and histamine releasing from
infiltrating cells reactivated by an endocrine and
paracrine mechanism [7].

In conclusion, this case demonstrates that short desensi-
tization procedures for HRS to enfuvirtide may be
ineffective and a more prolonged and cautious desensi-
tization protocol may be needed. Our protocol demon-
strated a favourable tolerance and outcome. Therefore we
propose an alternative protocol to short course desensi-
tization procedures after more severe skin reactions
occur.
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Misleading results of screening for illicit drugs durin

We investigated in 12 healthy subjects the influence of
efavirenz, a non-nucleoside reverse transcriptase
inhibitor, on the pharmacokinetics of midazolam,
g efavirenz treatment
which served as a marker for CYP3A4 activity. The
study was authorized by the Ethics Committee of the
Medical Faculty (University of Heidelberg, Germany) as
well as the Competent Regulatory Authority. All study
participants gave their written informed consent. They
received 3 mg midazolam by mouth together with the
first dose of efavirenz. Thereafter, efavirenz was
administered in a daily dose of 400 mg by mouth for
14 days. On day 8, a safety check including a routine
screening for illicit drugs was performed, in which 11 out
of 12 subjects screened positive for benzodiazepines
and eight for tetrahydrocannabinol using the Triage 8
(Biosite, San Diego, California, USA) single-use, rapid
immunochemical assay. In the product information of
efavirenz an interference of efavirenz with the CEDIA-
DAU multi-level tetrahydrocannabinol assay is mentioned
[1]. Earlier reports characterized the interference by
efavirenz in an estradiol enzyme-linked immunosorbent
assay [2] and with several tetrahydrocannabinol immu-
noassays [3]. We therefore suspected that efavirenz or its
metabolites may also cause false-positive results for
benzodiazepines through crossreactivity.

To verify our results we evaluated the urine samples
collected on day 14 before the last administration of
efavirenz again using the Triage 8. All 12 subjects tested
positive for benzodiazepines, 11 for tetrahydrocannabinol.

It is believed that positive tetrahydrocannabinol immu-
noassays are caused by an interference with efavirenz-8-
glucuronide formed during efavirenz treatment [3]. Using
the Triage 8, we also obtained false-positive tetrahydro-
cannabinol results, which confirmed the data reported
for a test by the same manufacturer [3]. The newly
described positive benzodiazepine immunoassay prompted
us tocharacterize theoccurrenceofefavirenzcrossreactivity
regarding benzodiazepines with several commercial re-
agents used to screen for benzodiazepine exposure.

The urine samples of the 12 subjects from day 14 were
subjected to six different commercially available single or
multiple drug screening assays. To ensure that in these
samples no midazolam was present after the administration
on day 1, the urine and serum samples collected before the
intake of efavirenz on day 14 were analysed by liquid
chromatography–mass spectrometry–mass spectrometry
for midazolam and its metabolite 1-OH-midazolam.
Both substances could not be detected (< 0.2 ng/ml for
midazolam, < 0.3 ng/ml for 1-OH-midazolam).

Triage 8 utilizes a patented two-phase competitive
binding immunochemistry assay in which a chemically
labelled drug (drug conjugate) competes with drugs
present in the urine for antibody binding sites. After a brief
pyright © Lippincott Williams & Wilkins. Unauthor
incubation time (10 min) the reaction mixture is trans-
ferred to the membrane. The residue of free drug conjugate
that results from specific antibody binding to drug
present in the urine sample binds to a zone of monoclonal
antibody that is immobilized on the membrane in the
solid phase. After the unbound drug conjugate is removed
by a washing solution, a positive specimen produces a
distinct coloured bar in the drug detection zone [4].

The other five tests used were the immunochromato-
graphic assays DrugControl (Ultimed, Ahrensburg,
Germany), Mahsan Kombi/DOA6-Rapidtest (Mahsan
Diagnostika, Reinbek, Germany), the multi drug test
(von Minden GmbH, Moers, Germany), HITADOmulti
10a test (Gabmed GmbH, Nettetal, Germany) and Syva
Rapid d.a.u. tetrahydrocannabinol and benzodiazepine
single test (Dade–Behring Ltd., Milton Keynes, UK).
These tests contain either drug conjugate or monoclonal
antibodies immobilized on the membrane. If the drug
conjugate is immobilized on the membrane, the drug in
question binds to the marked antibody and prevents the
binding of this antibody to the immobilized drug
conjugate. The detection line stays invisible. If the
monoclonal antibody is immobilized on the membrane,
the drug in question binds to the unmarked antibody on
the detection line, the marked drug conjugate is washed
away. The detection line also remains invisible. In the case
of a negative urine sample, the marked counterpart binds
to the membrane and the detection line appears. All six
tests have cutoff levels of 50 ng/ml for 11-nor-D9-THC-
9-COOH and 300 ng/ml for oxazepam. Midazolam is
only testedpositiveabove10 000–12 500 ng/mldepending
on the test system.

Triage 8 results were confirmed with all subjects being
positive for tetrahydrocannabinol and benzodiazepines.
All other tests but DrugControl screened positive for
tetrahydrocannabinol, but not for benzodiazepines
(Table 1). Besides the tetrahydrocannabinol and the
benzodiazepines tests none of the other drug screens were
positive (cocaine, methadone, morphine, amphetamines,
barbiturates, methamphetamines, opioides, tricyclic
antidepressants, phencyclidine).

The interferences with immunoassays for tetrahydrocan-
nabinol with efavirenz have been documented in the
literature [3]. In contrast to the reported negative results
for the instrument-based Dade–Behring test system [3],
all urine samples tested positive with the Syva
RapidTest d.a.u. (Dade–Behring). DrugControl was
the only test showing no crossreactivity with respect to
tetrahydrocannabinol testing.

The crossreaction with benzodiazepine drug screening
tests during efavirenz treatment in human urine has not yet
been described, but positive benzodiazepine results did
occur using Triage 8. A careful selection of drug abuse
ized reproduction of this article is prohibited.
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Table 1. Immunoassay results of six different drug screens from different vendors with respect to benzodiazepines and tetrahydrocannabinol.

Subject

Triage 8 DrugControl
Mahsan Kombi/
DO A6-Rapidtest

Drug screen
multi test

HITADO
multi 10a

Syva RapidTest
d.a.u.

BZD THC BZD THC BZD THC BZD THC BZD THC BZD THC

Control – – – – – – – – – – – –
1 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
2 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
3 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
4 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
5 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
7 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
8 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
9 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.

10 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
11 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.
12 Pos. Pos. – – – Pos. – Pos. – – – Pos.
13 Pos. Pos. – – – Pos. – Pos. – Pos. – Pos.

BZD, Benzodiazapine; THC, tetrahydrocannabinol.
screening is thus recommended during HIV therapy
regimens including efavirenz to avoid false-positive results.
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Alopecia associated with ritonavir-boosted atazanav
ir therapy
Alopecia may complicate the course of antiretroviral
therapy, especially when HIV-1 protease inhibitors are
used [1]. Here we report the first case of hair loss
associated with ritonavir-boosted atazanavir therapy in an
antiretroviral-naive patient with HIV infection.

A 39-year-old Hispanic man with a history of
cryptosporidiosis presented with hair loss 3 weeks after
commencing combination antiretroviral therapy. He
was on prophylactic therapy for Pneumocystis jiroveci
pneumonia with trimethoprim–sulfamethoxazole and
Mycobacterium avium complex with azithromycin for
several weeks when a daily regimen of atazanavir
(300 mg), ritonavir (100 mg), and emtricitabine/tenofovir
(300/200 mg, fixed-dose combination) was initiated. The
physical examination was remarkable only for diffuse hair
loss (Fig. 1a) without skin lesions. Laboratory evaluation
included a complete blood cell count and chemistry,
serum folate, serum vitamin B12, serum testosterone,
follicle-stimulating hormone, luteinizing hormone, and
thyroid-stimulating hormone, and was only remarkable for
mild anemia (hemoglobin 13.5 g/dl) and low folate
levels (4.5 ng/ml). The CD4 T-lymphocyte count was
10 cells/ml, with an HIV-RNA viral load of more than
750 000 copies/ml upon initiation of antiretroviral therapy.
Folate replacement therapy was started, with resolution of
the anemia. The hair loss worsened, however, and folate
was discontinued after 2 weeks of therapy. Alopecia caused
by ritonavir-boosted atazanavir therapy was suspected,
with progressive hair regrowth noted one month after the
replacement of protease inhibitors by efavirenz (Fig. 1b).
Emtricitabine/tenofovir was continued unchanged. After
one month on the new regimen, the CD4 T-lymphocyte
count was 203 cells/ml, and the HIV-RNA viral load
became undetectable (< 400 copies/ml).

Antiretroviral-induced alopecia has been reported with
the use of protease inhibitors, particularly with indinavir
therapy given alone [1,2] or in combination with
ritonavir [3]. Other drugs or regimens associated with
this adverse event include lopinavir/ritonavir [4],
zidovudine [5] and lamivudine [6]. Hair loss associated
orized reproduction of this article is prohibited.
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Fig. 1. Photos of the patient showing diffuse hair loss (a), and
progressive regrowth one month after the replacement of
protease inhibitors by efavirenz (b).
with ritonavir-boosted atazanavir therapy has not been
reported to our knowledge.

Alopecia occurs mostly during the first 6 months of
starting protease inhibitors (median of 50 days), with
some cases reported as soon as 2–3 weeks after beginning
treatment [3,4]. This complication could be accompanied
by other cutaneous manifestations, such as hair loss in
eyelids, eyebrows, beard, axilla and pubic areas, and body
hair, skin dryness, cheilitis, and paronychia [1,2]. The
temporal relationship of the initiation of protease
inhibitors and this patient’s hair loss suggests that
ritonavir-boosted atazanavir induced this abnormality.
The alopecia reversed after a protease inhibitor-sparing
regimen was initiated. A rechallenge would be necessary
to confirm causality.

The mechanism of antiretroviral-induced hair loss is
unknown. In some cases, the alopecia observed in patients
receiving HIV-1 protease inhibitors is indistinguishable
from the toxic effects of systemic retinoid therapy [1,2].
Homologies between the C-terminal region of the
cytoplasmic retinoic-acid binding protein type 1 and the
pyright © Lippincott Williams & Wilkins. Unauthor
catalytic site of protease inhibitors have been noted. It has
been hypothesized that protease inhibitors bind to this
homologous region within cytoplasmic retinoic-acid
binding protein type 1 and inhibit the binding of retinoic
acid [7]. Some protease inhibitors enhance the activity of
retinal dehydrogenase increasing retinoic acid concen-
trations, which might be responsible for the retinoid-like
side effects [8]. The role of immune reconstitution in this
setting cannot be excluded. Alopecia usually resolves over
time with discontinuation of the offending antiretroviral
agent. Interestingly, hair regrowth has occurred after the
replacement of indinavir by ritonavir plus saquinavir or
nelfinavir [1], and of lopinavir/ritonavir by nelfinavir [4].
Therefore, protease inhibitor-induced alopecia seems to
be a drug-specific rather than a drug class side effect.

In summary, patients receiving ritonavir-boosted ataza-
navir therapy have to be monitored for alopecia, and this
combination may have to be discontinued if this
complication occurs and other options are available. A
switch to a non-protease inhibitor regimen may not
necessarily be required.
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Efavirenz: innocent bystander or direct nephrotoxin

Barbour and colleagues [1] report an interesting case of
minimal change disease occurring in the setting of HIV
infection and antiretroviral therapy. The authors implicate
?

the non-nucleoside reverse transcriptase inhibitor efavir-
enz, based on the clinical resolution of proteinuria after
discontinuation. This is the first suggestion of direct
nephrotoxicity associated with efavirenz, which has
previously been associated with a single case of interstitial
nephritis in the setting of systemic hypersensitivity [2].
Potential efavirenz nephrotoxicity would have particu-
larly important implications for the safety of the fixed-
dose combination with emtricitabine and tenofovir, which
already requires enhanced monitoring for tubular toxicity
associated with tenofovir [2,3].

Although this case suggests a need for increased
vigilance and further studies, the authors have not
established a causal relationship between efavirenz and
the development of glomerular disease in their patient.
HIV infection itself has been associated with minimal
change disease [4,5], and early focal segmental glomerulo-
sclerosis can be misdiagnosed as minimal change disease
as a result of biopsy sampling error. As noted by the
authors, the diagnosis of HIV-associated focal segmental
glomerulosclerosis is less likely in the setting of non-black
race; however, the development of nephrotic syndrome
after a period of viremia and the gradual response to
restored virological suppression are compatible with
HIV-associated nephropathy [1]. Finally, spontaneous
remission of minimal change disease may occur [6], and
the discontinuation of efavirenz may have been merely
coincidental.

Expert guidelines currently recommend biannual
monitoring for kidney function and urinary abnormal-
ities in tenofovir-treated patients with risk factors for
kidney disease or reduced kidney function [3]. Until
further studies clarify the potential for efavirenz-
associated glomerular injury, it seems prudent to apply
these recommendations to patients without additional
risk factors who are receiving combination therapy with
opyright © Lippincott Williams & Wilkins. Unauth
efavirenz. Patients who develop proteinuria on therapy
with either of these agents should be referred for
nephrology evaluation and possible biopsy, which may
identify an alternative etiology and avoid unnecessary
interruptions in antiretroviral therapy.
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