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Introduction
The human T-cell lymphotropic virus (HTLV) is a retrovirus that is structurally similar to human 
immunodeficiency virus (HIV).1 Two HTLV types (HTLV-1 and HTLV-2) were identified to cause 
disease in humans prior to the identification of HIV. HTLV is spread in a manner similar to HIV, 
vertically and horizontally. The main form of spread of HTLV-1 is through sexual transmission 
and sharing of contaminated needles for HTLV-2.2

Human T-cell lymphotropic virus-1 is found in endemic clusters in various regions of the world, 
including KwaZulu-Natal. A population-based study performed in KwaZulu-Natal in 1992 on 
1018 individuals showed a prevalence rate of 2.6% (95% confidence interval (CI) 1.62–3.58).3 In 
this study, only one case of HTLV-2 was identified. The HIV-positive rate in the same cohort was 
3.5% (95% CI 2.4–4.68) and the relative risk of co-infection in the 15–24 year age group was 1.16 
(95% CI 1.08–1.24). HTLV-1 is associated with the development of neurological disease, the most 
important of which is HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). 
HIV leads to neurological complications in more than 40% of infected patients, including vacuolar 
myelopathy, a condition that clinically resembles HAM/TSP.4

The occurrence of co-infection is not unexpected in areas endemic for both viruses and considering 
their common modes of transmission. One of the earliest reports of retroviral co-infection found 
that 7% of patients with AIDS were seropositive for HTLV.5 Of the 90 patients who were identified 

Background: KwaZulu-Natal is an endemic area for HIV and human T-cell lymphotropic 
virus (HTLV) infection. The main neurological manifestation of HTLV is HTLV-associated 
myelopathy/tropical spastic paraparesis (HAM/TSP). The effect of HIV co-infection in 
patients with HAM/TSP is not well documented.

Aims: To determine the prevalence of HIV seropositivity in patients with HAM/TSP and 
compare the clinical, laboratory and radiological features of patients mono-infected with 
HTLV and those dually infected with HTLV and HIV.

Methods: Adult patients referred to the Neurology Department at Inkosi Albert Luthuli 
Central Hospital in KwaZulu-Natal, South Africa, for the period 01 January 2004 to 31 December 
2015 with a positive HTLV serology were identified from the National Health Laboratory 
Service database. A retrospective chart review was conducted to identify all patients who had 
a diagnosis of HAM/TSP and to record their HIV status. Clinical, laboratory and radiological 
data were compared for HIV-positive and HIV-negative patients.

Results: A total of 52 patients with HAM/TSP were identified. HIV results were available in 
44 patients of whom 23 (52%) patients were HIV co-infected. Patients who were HIV-positive 
had a younger age of presentation compared to HIV-negative patients (median: 31 vs 50 years, 
p = 0.002). HIV-positive patients had a median duration of symptoms at presentation of 
12  months compared to 16 months for HIV-negative patients, but the difference did not reach 
statistical significance (p = 0.082). The CD4 cell counts of HIV-positive patients were well 
preserved with a median count of 781 cells/µL.

Conclusions: HIV co-infection is commonly seen in the setting of HAM/TSP in KwaZulu-
Natal. An interaction between the viruses may accelerate the development of HAM/TSP, 
leading to a younger age of presentation. Co-infection may have treatment implications 
because of CD4 counts being preserved in these patients.

A comparative study of human T-cell lymphotropic 
virus-associated myelopathy in HIV-positive and 

HIV-negative patients in KwaZulu-Natal

Read online:
Scan this QR 
code with your 
smart phone or 
mobile device 
to read online.

http://www.sajhivmed.org.za
http://orcid.org/0000-0003-3351-3112
http://orcid.org/0000-0002-3103-8488
http://orcid.org/0000-0002-8050-9610
mailto:hoosainparuk@hotmail.com
https://doi.org/10.4102/sajhivmed.v18i1.746
https://doi.org/10.4102/sajhivmed.v18i1.746
http://crossmark.crossref.org/dialog/?doi=10.4102/sajhivmed.v18i1.746=pdf&date_stamp=2017-12-06


Page 2 of 5 Original Research

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

with HAM/TSP during the initial epidemiological study in 
KwaZulu-Natal in 1992, six (6.6%) were co-infected with 
HIV.3 In a more recent retrospective analysis,6 24% of samples 
tested positive for HTLV. This Limpopo analysis included 
170 HIV-positive samples collected during 2007 and 2008.

The consequences of co-infection on viral replication, 
pathogenicity and susceptibility to antiretroviral therapy 
(ART) are critical issues, which require investigation. Early 
studies of retroviral co-infection, in particular with HTLV-1, 
performed before the era of ART suggested that HTLV 
seropositivity accelerated the progression of HIV to 
AIDS.7,8,9,10 The lifetime risk of developing HAM/TSP in 
HTLV-1 seropositive individuals is estimated to be around 
3% – 5%, but a report of HAM/TSP developing in three out 
of four patients with co-infection in the pre-ART era was the 
first to suggest that myelopathy risk is increased with co-
infection.11,12 Ascertaining the cause of myelopathy in such 
patients can be challenging because of the similarities in 
clinical presentation. Whilst the CD4 cell count is used as a 
marker for immunosuppression in HIV infection, HTLV has 
been shown to have lymphoproliferative effects.13 This 
complicated management in resource-constrained settings 
when the decision to commence ART in HIV-positive patients 
was based on the peripheral blood CD4 count. A direct 
comparison of HAM/TSP in HIV-positive and negative 
patients has only been reported in one retrospective study 
that examined the records of nine dually infected patients 
and 11 HTLV mono-infected patients with HAM/TSP.14 The 
study suggested that patients with HAM/TSP present earlier 
in dually infected patients. ART has not been shown to be 
effective in the treatment of HAM/TSP; also the response of 
the HIV viral load in the setting of dually infected patients is 
not well documented.15

Thus, despite the potential clinical significance, the possibility 
of co-infection is often overlooked by clinicians as HTLV is 
not routinely tested in HIV outpatient settings. The aim of 
this hospital-based study was to determine the prevalence of 
HIV seropositivity in patients with HAM/TSP and compare 
the clinical, laboratory and radiological features of patients 
mono-infected with HTLV and those dually infected with 
HTLV and HIV.

Method
Patients
The Inkosi Albert Luthuli Central Hospital (IALCH) is one of 
the two neurology referral centres in the province of 
KwaZulu-Natal which has an adult population of 7.5 million 
individuals over the age of 15 years. This hospital is the 
referral centre for the northern and southern parts of 
KwaZulu-Natal, an area that is endemic for HTLV infection.

A record of all seropositive HTLV results for patients referred 
to the Neurology Department at IALCH for the period 01 
January 2004 to 31 December 2015 was obtained from the 
National Health Laboratory Services (NHLS) electronic 

database. The NHLS uses an ARCHITECT rHTLV-I/II ELISA 
test to detect HTLV seropositivity. This method has a 
sensitivity of 100% (95% CI 99.10–100) and specificity >99.95% 
(95% CI 99.84–99.99). It does not distinguish between HTLV-1 
and HTLV-2. It is assumed that most, if not all, of the cases 
represent HTLV-1 infection considering that HTLV-2 is an 
infrequent cause of myelopathy and that only one case of 
HTLV-2 was detected in a previous epidemiological study in 
KwaZulu-Natal.3 A chart review was performed on all patients 
with a positive HTLV serology result to identify patients who 
had a diagnosis of HAM/TSP. The diagnosis was based on a 
combination of clinical, radiological and laboratory findings. 
Investigations to exclude an alternative cause for myelopathy 
that were performed included the following: (1) blood tests 
including Vitamin B12 levels and syphilis serology, (2) 
cerebrospinal fluid (CSF) analysis, including biochemistry, 
cytology, microbiology (including microscopy and culture for 
fungi, pyogenic bacteria and Mycobacterium tuberculosis), 
syphilis serology and Cryptococcus latex agglutination titre 
and (3) Magnetic resonance imaging (MRI) of the spine. 
Patients without myelopathy or with myelopathy because of 
other causes were excluded. HIV status of the patients was 
also ascertained where available. The clinical, laboratory and 
radiological features of these patients were extracted from the 
patient records using a structured data sheet. MRI spine was 
reported by radiologists and subsequently reviewed by the 
study team (all qualified neurologists).

Data analysis
The data collected were analysed using Prism Version 6. 
Descriptive statistics such as frequencies, percentages, 
medians and interquartile ranges were used to summarise 
results. Continuous and categorical variables were analysed 
using Mann–Whitney U test and Fischer’s exact test, 
respectively. A p-value of <0.05 was considered statistically 
significant.

Results
A total of 121 patients had a positive HTLV serology result 
during the study period; 52 patients had a diagnosis of 
HAM/TSP and were included in the study. HIV results were 
available for 44 of these patients. Twenty-three (52%) patients 
were HIV-positive and the rest were HIV-negative.

Demographic characteristics
Demographic and clinical features are summarised in Table 1. 
Patients who were HIV-positive had younger age of 
presentation compared to HIV-negative patients (median 
age: 31 vs. 50, p = 0.002). There were proportionately more 
females in both groups, with 17 (67%) and 14 (67%) in the 
HIV-positive and HIV-negative groups, respectively.

Clinical features
There was a trend for the duration of symptoms prior to 
diagnosis to be shorter in HIV-positive patients compared to 
HIV-negative patients, but this did not reach statistical 
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significance (p = 0.082). There was no significant difference in 
the power grading or proportion of patients who remained 
ambulant in the two groups. However, there was a 
significantly increased frequency of sensory and sphincter 
disturbance in HIV-negative patients compared to HIV-
positive patients (p = 0.037, p = 0.04). Four patients were 
receiving ART.

Investigations
The CSF parameters are summarised in Table 2. There was a 
trend for HIV-positive patients to have higher protein and 
lower glucose values than the HIV-negative patients. In 
addition, polymorphonuclear cells were only detected in 
patients who were HIV-positive. CD4 cell counts were 
available in 16 of the HIV-positive patients (median: 781 
cells/µL, range: 47 – 1993).

Thoracic spinal cord atrophy, which was determined 
subjectively, was noted on MRI in eight out of 23 HIV-positive 
patients and seven (33.3%) out of the 19 HIV-negative patients 
who had imaging available. A hyperintense intramedullary 
signal was noted in six (25%) patients who were HIV-positive 
and none of those who were HIV-negative.

Discussion
The occurrence of HAM/TSP in the setting of patients co-
infected with HTLV and HIV was first described by Berger et 
al.12 Four of 241 HIV-positive patients were confirmed to be 
seropositive for HTLV during the course of a longitudinal 
survey of neurological complications of HIV. Three of the four 
patients, two HTLV-1 and one HTLV-2, had a progressive 
myelopathy that clinically resembled HAM/TSP.16 
Subsequently, other studies have also showed increased rates 
of HAM/TSP in co-infected patients. A study in the pre-ART 
era by Harrison et al. did not diagnose HAM/TSP but 

described clinical evidence of myelopathy in 11 of 15 (73%) 
patients with HIV/HTLV-1 co-infection as compared to 10 of 
62 (16%) patients with HIV mono-infection.17 Beille et al. 
screened 3600 HIV-positive patients at an outpatient clinic 
in  the United States between 1993 and 2002 and confirmed 
62  and 141 HIV/HTLV-1 and HIV/HTLV-2 co-infections, 
respectively. Four of the 62 (9.7%) HIV/HTLV-1-infected 
patients were diagnosed with HAM/TSP; two of the patients 
were receiving zidovudine monotherapy.18 ART does not 
appear to decrease the risk of HAM/TSP, as a study by Silva et 
al. reported myelopathy in 12 of 47 (25.5%) co-infected patients 
on ART.19 Casseb et al. diagnosed HAM/TSP in six out of 38 
(18%) dually infected patients and found that HTLV-1 proviral 
loads were significantly higher in patients with HAM/TSP 
compared to asymptomatic co-infected patients (p = 0.012).20

Our study confirms a high frequency of HIV co-infection in 
patients with HAM/TSP in KwaZulu-Natal. Dual infection is 
associated with a younger age of clinical presentation and 
shorter duration of symptoms prior to presentation. We 
postulate that the presence of HIV infection in HTLV-infected 
individuals predisposes them to developing HAM/TSP 
and that the disease course is of a more accelerated nature. 
The possibility of a more aggressive disease would also 
explain our finding of spinal cord hyperintensity which was 
only observed in patients who were also HIV-infected. 
Atypical MRI findings such as hyperintensity and contrast 
enhancement have been associated with more acute 
progression in HAM/TSP.21 However, there was no significant 
difference in the power grading or proportion of patients 
who remained ambulant between the two groups, and the 
increased frequency of sensory and sphincter impairment 
in  the HTLV mono-infected group is unexplained. The 
differences in the CSF findings of higher protein, lower 
glucose and increased white cells in HIV-positive patients are 
potentially a reflection of the chronicity of HIV infection and 
do not necessarily imply more aggressive disease.

TABLE 1: Demographic and clinical features of human T-cell lymphotropic virus-associated myelopathy/tropical spastic paraparesis patients.
Variables All (n = 52†) HIV + (n = 23) HIV - (n = 21) HIV + vs. HIV – ( p)

Median/n IQR/ % Median/n IQR/ % Median/n IQR/ %
Demographics
 Age (years) 41 32–53 37 30–44 50 40–56 0.002
 Gender (female) 35 67.3 17 73.9 14 66.6 0.74
Clinical features
 Duration of symptoms (months) 12 6–48 10 4–24 16 9–50 0.082
 MRC power grade 4 2–4 4 2–4 3 1–4 0.54
 Sensory impairment (yes) 37 74 14 60.9 19 90.5 0.037
 Sphincter disturbance (yes) 26 52 9 39.1 15 71.4 0.040
 Ambulant (yes) 26 52 14 60.9 9 30 0.37

†, Clinical features data missing for two patients.
HIV+, HIV-positive; vs., versus; HIV-, HIV-negative; IQR, interquartile range; MRC, Medical Research Council; n, number; %, percentage.

TABLE 2: Cerebrospinal fluid findings of human T-cell lymphotropic virus-associated myelopathy/tropical spastic paraparesis patients.
Variables All patients (n = 33) HIV + (n = 16) HIV - (n = 15) HIV + vs. HIV – ( p)

Median IQR Median IQR Median IQR

Protein (g/L) 0.45 0.31–0.74 0.63 0.37–1.01 0.41 0.27–0.54 0.099
Glucose (mmol/L) 3 2.6–3.23 2.9 2.45–3 3.2 2.7–3.4 0.023
Polymorphonuclear cells (cells/µL) 0 0–2.5 0 0–13 0 0–0 0.007
Lymphocytes (cells/µL) 1 0–8 2 0–10 0 0–8 0.58

HIV+, HIV-positive; vs., versus; HIV-, HIV-negative; IQR, interquartile range; CSF, cerebrospinal fluid.
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The proportion of HAM/TSP patients found to be HIV-
positive in this study is much higher than what was initially 
observed in KwaZulu-Natal province (52% vs. 6.6%). This is 
not unexpected given that the previous survey of HAM/TSP 
patients in the region was conducted in the early 1990s, a 
period which signalled the beginning of the HIV epidemic in 
South Africa. The finding is similar to that of a more recent 
South African study that investigated HIV co-infection in 
HAM/TSP patients in which nine of 21 (42.8%) patients with 
HAM/TSP were found to have concurrent HIV infection.14 
Schutte et al. reported similar findings to ours with respect to 
age at presentation and duration of symptoms. However, a 
statistically significant difference was not demonstrated with 
regard to age at presentation, which might have been related 
to small sample size. CD4 counts in our cohort tended to be 
relatively preserved with the median count being 781 cells/
µL, which differs from the study of Schutte et al. in which 
56% of patients had counts less than 350 cells/µL. It should 
be noted that although preserved, these CD4 cells are 
functionally impaired and ART should be considered 
regardless of the CD4 counts in these patients.22, 23

HIV leads to increased HTLV protein expression.24, 25 These 
effects may be a possible explanation as to how HTLV is more 
readily able to overcome the immune response. Both HIV 
and HTLV infect endothelial cells and astrocytes, resulting in 
blood-brain barrier damage.26 The proportional contribution 
of each of the viruses to the development of myelopathy has 
been debated; however, an early pathological study of two 
patients with co-infection suggested that the myelopathy 
was because of HTLV as no evidence of HIV-associated 
vacuolar myelopathy was found.27 In a further post-mortem 
examination of a dually infected patient with HIV dementia 
and HAM/TSP, co-infection of a single-cell phenotype could 
not be demonstrated.28 HIV was found in macrophages or 
microglia, whilst HTLV was found in astrocytes, suggesting 
that mechanisms other than co-infection of the same cell 
play  a role in the development of neurological disease in 
co-infected patients. Whilst HIV-associated neurocognitive 
disorder (HAND) has been well characterised, there is much 
less information regarding the effects of HTLV or retroviral 
co-infection on the brain and cognition.

Limitations of this study include the retrospective design, the 
inability to ascertain the sequence of viral infection and the 
unavailability of longitudinal data. We could not ascertain if 
ART offers any protection, nor could we determine whether 
ART alters the progression of disease. We also did not have 
any data regarding HIV and HTLV viral and proviral loads, 
respectively.

Conclusion
To date this study is the largest that directly compares 
HAM/TSP in HIV-positive and HIV-negative patients and 
suggests that HTLV-1 and HIV have a synergistic effect 
with regard to the development of neurological 
complications. CD4 cell counts tend to be relatively well 
preserved in co-infected patients.

Further longitudinal studies of mono-infected and dually 
infected patients with monitoring of viral loads and clinical 
outcomes are required to enhance the understanding and 
impact of HIV/HTLV co-infection. Areas known to be endemic 
for both viruses provide a unique and ideal opportunity 
to  perform community-based screening of asymptomatic 
patients. Ascertaining the sequence of infection, clinical 
manifestations, monitoring biomarkers of disease and 
response to ART are key issues requiring further investigation.

Acknowledgements
We acknowledge Dr Pravi Moodley from the Virology 
Department at Inkosi Albert Luthuli Central Hospital who 
assisted with accessing HTLV serology data from the National 
Health Laboratory Services.

Competing interests
The authors declare that they have no financial or personal 
relationship(s) which may have inappropriately influenced 
them in writing this article.

Authors’ contributions
H.F.P. and A.I.B. were responsible for concept and design of 
the study. H.F.P. undertook acquisition and interpretation of 
data and drafting of the manuscript. A.I.B. undertook critical 
review of the manuscript. S.M. undertook statistical analysis 
and review of the manuscript.

References
1.	 Johnson JM, Franchini G. Retroviral proteins that target the major 

histocompatibility complex class I. Virus Res. 2002;88(1–2):119–127. https://doi.
org/10.1016/S0168-1702(02)00124-7

2.	 Khabbaz RF, Onorato IM, Cannon RO, et al. Seroprevalence of HTLV-1 and HTLV-2 
among intravenous drug users and persons in clinics for sexually transmitted 
diseases. N Engl J Med. 1992;326(6):375–380. https://doi.org/10.1056/NEJM 
199202063260604

3.	 Bhigjee AI, Vinsen C, Windsor IM, Gouws E, Bill PL, Tait D. Prevalence and 
transmission of HTLV-I infection in Natal/KwaZulu. S Afr Med J. 1993;83(9):665–
667.

4.	 de Gans J, Portegies P. Neurological complications of infection with 
human  immunodeficiency virus type 1. A review of literature and 241 cases. 
Clin  Neurol Neurosurg. 1989;91(3):199–219. https://doi.org/10.1016/0303-
8467(89)90114-5

5.	 Robert-Guroff M, Weiss SH, Giron JA, et al. Prevalence of antibodies to HTLV-I, 
-II, and -III in intravenous drug abusers from an AIDS endemic region. JAMA. 
1986;255(22):3133–3137. https://doi.org/10.1001/jama.1986.03370220095 
034

6.	 Bessong PO, Mathomu LM. Seroprevalence of HTLV1/2, HSV1/2 and Toxoplasma 
gondii among chronic HIV-1 infected individuals in rural northeastern South 
Africa. Afr J Microbiol Res. 2010;4(23):2587–2591.

7.	 Bartholomew C, Blattner W, Cleghorn F. Progression to AIDS in homosexual men 
co-infected with HIV and HTLV-I in Trinidad. Lancet. 1987;2(8573):1469. https://
doi.org/10.1016/S0140-6736(87)91172-X

8.	 Harper ME, Kaplan MH, Marselle LM, et al. Concomitant infection with HTLV-I and 
HTLV-III in a patient with T8 lymphoproliferative disease. N Engl J Med. 
1986;315(17):1073–1078.

9.	 Shibata D, Brynes RK, Rabinowitz A, et al. Human T-cell lymphotropic virus type I 
(HTLV-I)-associated adult T-cell leukemia-lymphoma in a patient infected with 
human immunodeficiency virus type 1 (HIV-1). Ann Intern Med. 1989;111(11):871–
875. https://doi.org/10.7326/0003-4819-111-11-871

10.	 Page JB, Lai SH, Chitwood DD, Klimas NG, Smith PC, Fletcher MA. HTLV-I/II 
seropositivity and death from AIDS among HIV-1 seropositive intravenous drug 
users. Lancet. 1990;335(8703):1439–1441.

11.	 Tanajura D, Castro N, Oliveira P, et al. Neurological manifestations in Human T-Cell 
Lymphotropic Virus Type 1 (HTLV-1)-infected individuals without HTLV-1-
associated myelopathy/tropical spastic paraparesis: A longitudinal cohort study. 
Clin Infect Dis. 2015;61(1):49–56. https://doi.org/10.1093/cid/civ229

http://www.sajhivmed.org.za
https://doi.org/10.1016/S0168-1702(02)00124-7
https://doi.org/10.1016/S0168-1702(02)00124-7
https://doi.org/10.1056/NEJM199202063260604
https://doi.org/10.1056/NEJM199202063260604
https://doi.org/10.1016/0303-8467(89)90114-5
https://doi.org/10.1016/0303-8467(89)90114-5
https://doi.org/10.1001/jama.1986.03370220095034
https://doi.org/10.1001/jama.1986.03370220095034
https://doi.org/10.1016/S0140-6736(87)91172-X
https://doi.org/10.1016/S0140-6736(87)91172-X
https://doi.org/10.7326/0003-4819-111-11-871
https://doi.org/10.1093/cid/civ229


Page 5 of 5 Original Research

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

12.	 Berger JR, Svenningsson A, Raffanti S, Resnick L. Tropical spastic paraparesis-like 
illness occurring in a patient dually infected with HIV-1 and HTLV-II. Neurology. 
1991;41(1):85–87. https://doi.org/10.1212/WNL.41.1.85

13.	 Ehrlich GD, Davey FR, Kirshner JJ, et al. A polyclonal CD4+ and CD8+ lymphocytosis 
in a patient doubly infected with HTLV-I and HIV-1: A clinical and molecular 
analysis. Am J Hematol. 1989;30(3):128–139. https://doi.org/10.1002/ajh.2830 
300304

14.	 Schutte C, Townsend T, Van Coller R, Olorunju S. Comparison of HTLV-associated 
myelopathy (HAM) in HIV-positive and HIV-negative patients at a tertiary 
South African hospital. S Afr Med J. 2013;103(1):43–46. https://doi.org/10.7196/
SAMJ.5298

15.	 Taylor GP, Goon P, Furukawa Y, et al. Zidovudine plus lamivudine in human 
T-lymphotropic virus type-I-associated myelopathy: A randomised trial. 
Retrovirology. 2006;3:63. https://doi.org/10.1186/1742-4690-3-63

16.	 Berger JR, Raffanti S, Svenningsson A, McCarthy M, Snodgrass S, Resnick L. The 
role of HTLV in HIV-1 neurologic disease. Neurology. 1991;41(2 Pt 1):197–202.

17.	 Harrison LH, Vaz B, Taveira DM, et al. Myelopathy among Brazilians coinfected 
with human T-cell lymphotropic virus type I and HIV. Neurology. 1997;48(1):​
13–18. https://doi.org/10.1212/WNL.48.1.13

18.	 Beilke MA, Japa S, Moeller-Hadi C, Martin-Schild S. Tropical spastic paraparesis/
human T leukemia virus type 1-associated myelopathy in HIV type 1-coinfected 
patients. Clin Infect Dis. 2005;41(6):e57–e63. https://doi.org/10.1086/432890

19.	 Silva MT, Neves ES, Grinsztejn B, de Melo Espindola O, Schor D, Araujo A. 
Neurological manifestations of coinfection with HIV and human T-lymphotropic 
virus type 1. AIDS. 2012;26(4):521–523. https://doi.org/10.1097/QAD.0b013e 
32834c4a3e

20.	 Casseb J, de Oliveira AC, Vergara MP, et al. Presence of tropical spastic paraparesis/
human T-cell lymphotropic virus type 1-associated myelopathy (TSP/HAM)-like 
among HIV-1-infected patients. J Med Virol. 2008;80(3):392–398. https://doi.
org/10.1002/jmv.21111

21.	 Shakudo M, Inoue Y, Tsutada T. HTLV-I-associated myelopathy: Acute progression 
and atypical MR findings. Am J Neuroradiol. 1999;20(8):1417–1421.

22.	 Schechter M, Harrison LH, Halsey NA, et al. Coinfection with human T-cell 
lymphotropic virus type I and HIV in Brazil. Impact on markers of HIV disease 
progression. JAMA. 1994;271(5):353–357. https://doi.org/10.1001/jama.271.5. 
353

23.	Casseb J, Posada-Vergara MP, Montanheiro P, et al. T CD4+ cells count among 
patients co-infected with human immunodeficiency virus type 1 (HIV-1) and 
human T-cell leukemia virus type 1 (HTLV-1): High prevalence of tropical spastic 
paraparesis/HTLV-1-associated myelopathy (TSP/HAM). Rev Inst Med Trop Sao 
Paulo. 2007;49(4):231–233. https://doi.org/10.1590/S0036-46652007000 
400007

24.	 Roy U, Simpson SA, Mondal D, Eloby-Childress S, Winsor EL, Beilke MA. 
Upregulation of HTLV-1 and HTLV-2 expression by HIV-1 in vitro. J Med Virol. 
2008;80(3):494–500. https://doi.org/10.1002/jmv.21089

25.	 Beilke MA, Japa S, Vinson DG. HTLV-I and HTLV-II virus expression increase with 
HIV-1 coinfection. J Acquir Immune Defic Syndr Hum Retrovirol. 1998;17(5):391–
397. https://doi.org/10.1097/00042560-199804150-00002

26.	 Afonso PV, Ozden S, Cumont MC, et al. Alteration of blood-brain barrier integrity 
by retroviral infection. PLoS Pathog. 2008;4(11):e1000205. https://doi.org/ 
10.1371/journal.ppat.1000205

27.	 Rosenblum MK, Brew BJ, Hahn B, et al. Human T-lymphotropic virus type 
I-associated myelopathy in patients with the acquired immunodeficiency 
syndrome. Hum Pathol. 1992;23(5):513–519. https://doi.org/10.1016/0046-
8177(92)90128-P

28.	 Levin MC, Rosenblum MK, Fox CH, Jacobson S. Localization of retrovirus in the 
central nervous system of a patient co-infected with HTLV-1 and HIV with HAM/
TSP and HIV-associated dementia. J Neurovirol. 2001;7(1):61–65. https://doi.
org/10.1080/135502801300069719

http://www.sajhivmed.org.za
https://doi.org/10.1212/WNL.41.1.85
https://doi.org/10.1002/ajh.2830300304
https://doi.org/10.1002/ajh.2830300304
https://doi.org/10.7196/SAMJ.5298
https://doi.org/10.7196/SAMJ.5298
https://doi.org/10.1186/1742-4690-3-63
https://doi.org/10.1212/WNL.48.1.13
https://doi.org/10.1086/432890
https://doi.org/10.1097/QAD.0b013e32834c4a3e
https://doi.org/10.1097/QAD.0b013e32834c4a3e
https://doi.org/10.1002/jmv.21111
https://doi.org/10.1002/jmv.21111
https://doi.org/10.1001/jama.271.5.353
https://doi.org/10.1001/jama.271.5.353
https://doi.org/10.1590/S0036-46652007000400007
https://doi.org/10.1590/S0036-46652007000400007
https://doi.org/10.1002/jmv.21089
https://doi.org/10.1097/00042560-199804150-00002
https://doi.org/10.1371/journal.ppat.1000205
https://doi.org/10.1371/journal.ppat.1000205
https://doi.org/10.1016/0046-8177(92)90128-P
https://doi.org/10.1016/0046-8177(92)90128-P
https://doi.org/10.1080/135502801300069719
https://doi.org/10.1080/135502801300069719

