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Abstract

There appears to be a relationship between retroviruses such as HIV and the development of
an ALS-like syndrome. Few cases have been reported; however, there exists evidence of a
higher frequency of motor neuron disease in HIV-infected patients, as well as potential slowing
and reversibility of disease course with combination antiretroviral therapy. We conducted a
retrospective chart review of patients presenting to the George Washington University ALS
Clinic from September 2006 to June 2018 to identify patients with HIV receiving HAART who
were subsequently diagnosed with ALS or an ALS-like disorder. Our goals were to describe our
patients’ disease course and compare them to general characteristics of ALS. We report three
cases of HIV-positive individuals, all male, who were subsequently diagnosed with ALS. Each
presented with symptoms of limb onset ALS with involvement of upper and lower motor neu-
rons and whose disease originated at the cervical level. All three had been diagnosed with HIV
prior to presentation and were presumably compliant with antiretroviral therapy throughout.
Our patients demonstrated effective control of their HIV infection. Each experienced relatively
slow progression of motor impairment compared to general ALS characteristics. Our study
offers a distinct profile of HIV-positive patients compliant with HAART subsequently diagnosed
with an ALS-like disorder. Further study should aim to uncover pathophysiological similarities
between motor neuron disease both in the presence and absence of retroviral infection and

to develop effective medical therapy for each. © 2021 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Amyotrophic lateral sclerosis, or ALS, is a debilitating disorder involving the progressive
degeneration of upper and lower motor neurons causing atrophic muscle weakness, eventu-
ally precipitating death via respiratory paralysis. ALS is a multisystem disorder that features
a combination of oxidative stress, mitochondrial dysfunction, impairment of axonal transport,
and other dysfunctional biochemical pathways in its pathogenesis [1, 2]. It has been hypothe-
sized that retroviruses such as HIV-1 may exert selectively toxic effects on motor neurons,
thereby generating an ALS-like disorder through proposed mechanisms such as direct neu-
ronal infection, secretion of toxic viral substance, increased immune system reactivity and cy-
tokine secretion, or induction of autoimmune disease [3]. Furthermore, evidence indicates
highly active antiretroviral therapy (HAART) may slow and even reverse ALS progression in
the HIV-positive population [3-5].

The impact of HIV infection and antiretroviral therapy on the presentation, diagnosis, and
progression of ALS is not well defined. Washington, DC has an HIV-positive prevalence of
nearly 2% and the highest annual rate of newly diagnosed HIV infections in the United States
[6]. As an academic medical center with an ALS subspecialty clinic in the region, we sought to
identify HIV-positive patients who were subsequently diagnosed with ALS or an ALS-like syn-
drome. In this study, we report three HIV-positive individuals compliant with combination
antiretroviral therapy who present with symptoms of spinal onset ALS-like disorder.

Case Report/Case Presentation

This is a retrospective chart review of patients presenting to the George Washington Uni-
versity ALS Clinic from September 2006 to June 2018. We identified patients with HIV receiv-
ing HAART who were subsequently diagnosed with ALS or an ALS-like disorder. Pertinent
data collection includes age at symptom onset and ALS diagnosis, time of disease progression,
trends in forced vital capacity (FVC), neurological exam scores, and electromyography and
nerve conduction study results. We also measured duration of HIV-1 infection, identified
trends in CD4 count and HIV viral load, and considered therapeutic approaches implemented.
Our objectives were to describe our patients’ disease course and compare their symptomol-
ogy to general characteristics of ALS. During the study period, 322 patients presented to the
ALS Clinic; of those, we identified three cases of HIV-positive individuals subsequently diag-
nosed with ALS. IRB approval for this study was obtained (registration number 180239).

Our patients were males with involvement of both upper and lower motor neurons and
whose disease originated at the cervical level. All three were negative for family history of
neurodegenerative disorders. Each patient had been diagnosed with HIV prior to ALS diagno-
sis and was presumably compliant with HAART since their HIV diagnosis. Cases are numbered
1 through 3 based on date of presentation.

Each patient’s disease first manifested as distal upper extremity weakness with early at-
rophy of intrinsic hand muscles. Case 1, a right-handed individual, experienced weakness in
the left hand that progressed to involve the entire left upper extremity, followed by contrala-
teral hand weakness 2 years following initial symptom onset. Case 2, also right-handed, simi-
larly reported distal-to-proximal spread of left upper extremity weakness and muscle atrophy,
and after 8 months began to notice motor impairment in the right hand as well. His course is
significant for fastest progression to additional extremity involvement of our patients. Case 3,
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our only left-handed patient, demonstrated weakness originating in the right intrinsic hand
muscles that gradually spread to involve his forearm below the elbow. Yet 14 months after
symptom onset, his disease had not extended beyond that point. All three patients denied
bulbar symptomology on presentation, though on exam, progressive tongue fasciculation and
atrophy were observed in cases 1 and 3. FVC measurements were greater than 80% predicted
at each visit for all three individuals, with the exception of one instance for case 1 at his 12-
month appointment, during which he was believed to have a mild COPD exacerbation.

Case 1, who had the longest documented disease course, also had the most severe weak-
ness, with 0/5 strength (Medical Research Council Scale) at last visit in left deltoid, biceps, and
triceps muscles, and milder weakness in corresponding muscles of the right upper extremity.
He initially had diffuse hyperreflexia and positive Babinski, but with time his upper extremity
reflexes progressed to 1+ bilaterally. Case 2 presented exhibiting diffuse hyperreflexia, brisk
jaw jerk, positive Hoffmann bilaterally, and positive Babinski on the left. Case 3 had absent
Babinski and Hoffman reflexes on presentation, although he demonstrated brisk reflexes in
the upper extremities and thus was initially diagnosed with “possible” ALS based on El Esco-
rial criteria. An electromyography for all three cases demonstrated evidence of diffuse acute
and chronic denervation and fasciculation in multiple myotomes.

Each patient reported compliance with HAART throughout care at the ALS Clinic. Accord-
ing to trends in CD4 count and viral load, case 1 had the least control over his HIV-infection as
evidenced by CD4+ range of 42-150 cells/mm3 and persistently elevated viral load. He re-
ported limited detail regarding his HIV infection history, unable to recall its duration or his
HAART regimen on presentation. Conversely, cases 2 and 3 had 25- and 12-year history of HIV
positivity, respectively, and each consistently exhibited CD4 counts within normal limits. Be-
tween the two of them, only case 3 had an elevated viral load at any point, measuring 80 cop-
ies/mL at an 8-month visit. Cases 2 and 3 supplemented combination antiretrovirals with rilu-
zole. Cases 1 and 2 reported history of cigarette smoking, and case 1 endorsed military service.

Discussion/Conclusion

Each patient presented with limb as opposed to bulbar onset, and mixed upper and lower
motor neuron involvement instead of isolated upper or lower disease, similar to the typical
presentation of classical ALS [2, 7, 8]. All three patients presented with nondominant upper
extremity weakness. Conversely, Anand et al. [8] report patients with upper extremity onset
classic ALS are twice as likely to present with dominant versus nondominant motor impair-
ment. The average age of onset and diagnosis for our cases were 48.3 and 49.7 years, respec-
tively. This is slightly earlier than ALS tends to present in the general population, with symp-
tom onset in the mid-to-late fifties and time from symptom onset to ALS diagnosis approxi-
mating 12 months [2].

Our patients experienced relatively slow spread of motor impairment, theoretically the
result of ongoing HAART. Case 3 was also a highly athletic individual, likely providing him
greater resistance to functional motor impairment. Combination antiretroviral medications
may slow advancement and potentially reverse symptomology of an ALS-like syndrome in
HIV-infected individuals [4, 5]. One study observed motor neuron disease is increasingly less
progressive and more responsive to HAART as the time from HIV infection to ALS onset in-
creases [9]. Furthermore, it has been proposed that the HIV virus could mutate to selectively
infect motor neurons, offering an explanation for the efficacy of HAART in slowing or
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reversing symptomology, although no direct evidence supports the theory [7]. Klein et al. [10]
recently uncovered a shared core protein cluster between ALS and retroviral networks, spe-
cifically HIV, Polio, and West Nile, strongly suggesting the likelihood of shared biochemical
pathways and offering potential for the retooling of antiviral medications into motor neuron
disease therapies. Oxidative stress, mitochondrial dysfunction, impairment of axonal
transport, glutamate-driven neurotoxicity, and activation of human endogenous retrovirus K
(HERV-K) represent further examples of dysfunctional mechanisms implicated in the devel-
opment of ALS, with and without retroviral infection [1, 11].

HIV-associated ALS tends to exhibit a male-to-female ratio of 4.8:1, compared to 1.3:1 for
ALS and 1:1.5 for HIV [7]. All three of our patients were male; the HIV population in Washing-
ton, DC is also majority male, offering an additional explanation for male predilection [6].
There also seems to exist a greater relative frequency of ALS in the HIV-infected population
compared to the general population. The annual incidence and prevalence of ALS in the gen-
eral population are 1-2 and 4-6 per 100,000 people, respectively, with a lifetime risk between
1/600to 1/1,000 [11]. Comparatively, individuals with HIV have an estimated ALS prevalence
of 3.5 per 1,000 HIV-positive individuals and a 27-fold greater lifetime likelihood of acquiring
the disease [7, 12]. Using our three patients weighted against the Washington, DC HIV popu-
lation in 2018 of 13,003 allows us to estimate an ALS prevalence of 23 per 100,000 for the
HIV-positive community [6]. While this estimation is oversimplified, it nonetheless demon-
strates the aforementioned increased lifetime risk of developing an ALS-like syndrome if HIV
positive.

On its own, ALS is monophasic and irreversible in progression. ALS with concomitant HIV
infection, however, demonstrates polyphasic progression and potential reversibility with an-
tiretroviral treatment [3, 4]. Moreover, some evidence supports specific prognostic factors
such as age of onset and diagnosis, site of onset, initial rate of progression, and functional
markers such as FVC as having predictive value [13]. FVC is particularly useful as a marker to
determine risk of respiratory function. Our cases failed to show significant decrease in FVC
throughout their care and therefore exhibited limited respiratory impairment. Still, the phe-
notypic heterogeneity of ALS makes the establishment of predictive guidelines difficult.

ALS carries an average survival of 3 to 5 years. Factors that may increase likelihood for
acquisition include increasing age, endemicity to the Western Pacific, exposure to viral and
non-viral toxins such as pesticides, cigarette smoking, military service, and numerous genetic
variants [2, 11]. In the HIV-positive population, HAART remains the most efficacious method
of controlling progression. However, there is no definitive cure for ALS. Riluzole decreases
glutamate release and therefore reduces neuronal excitotoxicity, providing only a modest
lengthening of survival of 3-4 months on average [1]. The more recently FDA-approved edara-
vone is a neuroprotective drug believed to work as a free radical scavenger and antioxidant,
countering oxidative stress-related damage to slow progression of ALS [14]. Other medica-
tions merely provide symptomatic relief. Therefore, patients frequently rely on supportive
devices including splints, slings, ventilators, cough-assist devices, and electronic scooters.

Although limited in its number of patients, this small case series suggests a distinct profile
of HIV-infected patients receiving combination antiretroviral therapy who are subsequently
diagnosed with an ALS-like disorder. Due to differences between this patient population and
ALS patients without HIV infection, we do not recommend enrolment of these or similar cases
in ALS clinical trials, as it may affect the results of the study. We recommend recruitment of a
large cohort of this patient population to gain greater understanding of the disorder. Further
study should focus on pathophysiological similarities between ALS symptomology with and
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without retroviral infection and on development of treatments that slow and potentially re-
verse progression of the motor neuron disease.
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