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Thrombotic thrombocytopenic purpura
(TTP)-like syndrome in the HIV era
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Abstract

Background: The thrombotic microangiopathies (TMAs) is a heterogeneous group of relatively uncommon but serious
disorders presenting with thrombocytopenia and microangiopathic haemolysis. Thrombotic thrombocytopenic purpura
(TTP) is one of these microangiopathic processes. HIV infection is an acquired cause of TTP but the pathogenesis is poorly
understood. HIV-associated TTP was previously described to be associated with advanced immunosuppression. The
incidence of HIV-related TTP was expected to decline with access to anti-retroviral therapy (ART).

Methods: We undertook an observational study of patients with a diagnosis of TTP admitted to our hospital (CMJAH).
The patient demographics, laboratory test results and treatment outcomes were recorded.

Results: Twenty-one patients were admitted with a diagnosis of TTP during the study period. All patients had
schistocytes and severe thrombocytopaenia. The presenting symptoms were non-specific and renal dysfunction and
neurological compromise were uncommon. 77% of the patients were HIV-infected and, in 7 patients, TTP was the index
presentation. The remainder of the HIV infected patients were on ART and the majority were virologically suppressed. A
significant female preponderance was present. Only 4 of the 21 patients tested HIV negative with a positive Coombs test
in 2. All patients in this cohort received treatment with plasma exchange therapy for a median period of 12 days with a
96.5% survival rate. Neither the baseline laboratory features nor the degree of immunosuppression was predictive of the
duration of therapy needed for remission.

Conclusion: HIV-related TTP is still a cause of morbidity and the clinical presentation is heterogeneous which may
present a diagnostic challenge in the absence of sensitive biomarkers. Early treatment with plasma exchange is effective
but expensive and invasive.

Introduction
The thrombotic microangiopathies (TMAs) consist of a
heterogeneous group of relatively uncommon but ser-
ious disorders presenting with thrombocytopenia and
microangiopathic haemolysis with resultant characteris-
tic red cell fragments on peripheral smear morphology.
The pathophysiological disorders manifesting as TMAs
include thrombotic thrombocytopenic purura (TTP),
haemolytic uraemic syndrome (HUS), disseminated
intravascular coagulopathy (DIC) and malignant hyper-
tension [1–3].
Thrombotic thrombocytopenic purpura (TTP) is a mi-

croangiopathic thrombotic process which can result in
multi-organ failure [4] characterised by widespread

microvascular thrombi consisting of platelets and von Will-
ebrand Factor (VWF). Thrombosis in TTP is initiated when
haemostatically-active ultralarge VWF multimers accumu-
late in the circulation because of a relative or absolute defi-
ciency of the cleaving protease, ADAMTS-13 (a disintegrin
and metalloprotease with thrombospondin type 1 repeats,
member 13) [5]. The sole function of ADAMTS-13 is to
cleave VWF [4, 5]. Unravelling of VWF multimers in the
high shear stress microvasculature results in spontaneous
formation of platelet aggregates in organs such as the kid-
neys, heart and brain [4, 6]. TTP is reported as rare with an
annual incidence of 1 per 1,000,000 of the population [7]
but it carries a high mortality rate (10–20%) [1, 8]. Approxi-
mately 5% of cases are caused by a congenital deficiency of
ADAMTS-13 [4]. The remainder (over 90%) are ascribed
to auto-antibody formation against ADAMTS-13 arising
spontaneously or secondary to a number of states including
collagen vascular disorders like systemic lupus
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erythematosus (SLE), pregnancy, post-transplantation or
after drug exposure [4, 5]. Female patients of African ances-
try reportedly have the highest prevalence of acquired TTP
often in the context of active SLE [4].
The diagnosis of TTP is based on clinical suspicion with

supporting laboratory test results [9]. The diagnostic pentad
consists of anaemia, neurological symptoms, fever, thrombo-
cytopaenia and renal dysfunction although all 5 features are
seen in fewer than 10% of patients [10]. Critical organ ischae-
mia can also present as gastrointestinal symptoms (in 35% of
patients) and cardiac symptoms (25%) [10]. The laboratory
tests reveal a severe bicytopaenia (anaemia and thrombo-
cytopaenia) which is present in almost all cases with schisto-
cytes (red cell fragments) on the peripheral smear and an
elevated red cell distribution width (RDW). Laboratory fea-
tures of haemolysis are present, notably a marked increase in
lactate dehydrogenase (LDH) levels [4, 5, 11].
Early recognition and treatment is critical to prevent mor-

bidity and mortality. Standard therapy is plasma exchange to
supplement ADAMTS-13 and to remove ultra-large VWF
multimers. Where plasma exchange is not readily available,
plasma infusions can be performed [5, 12, 13].
HIV confers an increased risk for acquired TTP with a

15–40 fold higher incidence in this patient population
compared with the HIV-uninfected population [14] but
the pathogenesis is poorly understood [15]. TTP is re-
ported to be more common in HIV-infected patients with
advanced disease, low CD4+ T cell counts and with co-
morbidities (including Kaposi sarcoma and cryptococcal
meningitis) [15–17]. Published case reports have docu-
mented that almost 100% of patients with acquired TTP
have severe (< 10%) underlying ADAMTS-13 deficiency
but levels of this protease in HIV-infected patients with
TTP are variable and may be relatively preserved [18].
The incidence of HIV-related TTP was expected to de-
cline with widespread access to antiretroviral therapy
(ART) [10, 12–14] but evidence suggests that HIV is still
an important cause of secondary TTP [4, 16].
The haematology ward at Charlotte Maxeke Johannes-

burg Academic Hospital (CMJAH), South Africa, has
not experienced the predicted decline in HIV-related
TTP or TTP-like syndrome [19] despite increased access
to antiretroviral therapy. We decided to undertake a
study to document the clinical presentation and treat-
ment outcomes in these patients.

Methodology
This was a retrospective observational study of all patients
with a diagnosis of TTP or TTP-like syndrome admitted to
the haematology ward at CMJAH, a 1000 bed, tertiary care
academic hospital in Johannesburg, South Africa, over a
period of 24months. Patient demographic and clinical pa-
rameters, treatment and outcome were collated using a
database. As this study was retrospective, informed consent

could not be obtained. Ethics approval for the study was
granted by the Human Research Ethics Committee (Med-
ical) of the University of the Witwatersrand (Clearance Cer-
tificate No. M160134).
Descriptive statistics were derived for all parameters.

For continuous variables, medians and interquartile ranges
were derived. Where appropriate, a Mann-Whitney U test
was performed and a p value of < 0.05 was considered sta-
tistically significant.

Results
Twenty-one patients were admitted to CMJAH with a diag-
nosis of TTP during the study period. This hospital serves
as a referral centre for healthcare facilities in Gauteng, the
smallest but most densely populated province of South Af-
rica. The hospital operates various specialist units, includ-
ing haematology and oncology.
The patient demographics, laboratory test results and

treatment are detailed in Table 1.
All patients presented with laboratory features of a micro-

angiopathic thrombotic process with high numbers of schis-
tocytes on the peripheral smear and a severe evolving
thrombocytopaenia (median platelet count at diagnosis of
12 × 109/L). The majority of patients were transferred to our
tertiary care facility from other clinical sites. The presenting
symptoms were non-specific commonly including headache,
lethargy and gastrointestinal symptoms (diffuse abdominal
pain with mild diarrhoea). Only 1 patient had laboratory evi-
dence of renal dysfunction (urea of 27.3mmol/L (normal ref-
erence range 2.1–7.1mmol/L) and a creatinine of 262 μmol/
L (normal reference range 49–90 μmol/L)) together with
confusion. This patient demised shortly after admission and
could not be further investigated. Only 1 patient presented
with active bleeding (ecchymoses).
Only 4 of the 21 patients tested HIV negative. All of these

patients were female and were investigated extensively for
underlying autoimmune disease. A positive Coombs test for
IgG antibodies was seen in 2 of these patients. One patient
could not be tested for HIV infection. The remaining 17 pa-
tients were HIV-infected and in 7 (47%), TTP was the initial
presentation of the underlying HIV infection. These patients
were untreated and had a median viral load of 228,912
(interquartile range: 131952.5–467,817.5 copies per ml) and
a median CD4+ T cell count of 134 cells/uL (interquartile
range: 90–305 cells/uL). The HIV infected ART naïve pa-
tients were all commenced on ART with as a single,
fixed-dose combination (FDC) tablet containing tenofovir
(TDF), emtricitabine (FTC) and efavirenz (EFV) following
appropriate pre- and post-test counselling. The remainder of
the infected patients were on ART and the majority were
virologically suppressed with only 2 patients having detect-
able viral loads. These patients did, however display a wide
range of CD4+ T cell counts with a median value of 184.5
cells/mm3 and an interquartile range of 170–232 cells/uL.
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There was a significant female preponderance in the
HIV-infected patients with only 4 of these patients
(23.5%) being male. Male patients presented with signifi-
cantly higher platelet counts than females (median of
16 × 109/l vs 6 × 109/l, p < 0.004). No other significant dif-
ferences between male and female patients was noted with
respect to degree of anaemia, levels of LDH or duration of
plasma exchange.
Haptoglobin was analysed in the 19 of the 21 patients

and was consistently reduced to < 0.01 g/L (normal refer-
ence range 0.4–2.4 g/L) despite preserved liver synthetic
function as indicated by normal albumin concentration.
All patients in this cohort received treatment with plasma

exchange therapy for a median period of 12 days (range 1–
20 days) with a 96.5% survival rate (one patient demised 24
h post-admission). One patient refused hospital care after
12 days of treatment. The remaining patients were dis-
charged post-exchange therapy to out-patient follow-up care
after their platelet counts had normalised and had remained
stable for 2 days and their LDH levels had declined to nor-
mal [5, 11, 12]. Neither the baseline platelet counts, LDH
level nor the degree of immunosuppression was predictive
of the duration of plasma exchange needed for remission.

Discussion
Although TTP incidence was reported to be declining in
HIV-infected patients with increased access to ART [4],
this has not been the experience at our centre. Over a
24-month period, we admitted 21 patients with a diag-
nosis of TTP-like syndrome. The majority (75%) of pa-
tients admitted to CMJAH with a diagnosis of TTP were
HIV-infected in keeping with previous studies at our
own and other centres in South Africa [13, 15, 16, 18].
The clinical presentation in our cohort was heteroge-

neous with none of the patients displaying the classical
diagnostic pentad [15]. Of note, only 1 patient had ob-
jective laboratory features of renal dysfunction and no
patient had clear evidence of neurological dysfunction.
Consistent features in our presenting cohort were severe
evolving thrombocytopaenia and haemolytic anaemia
with numerous schistocytes on the peripheral smear.
Applying the PLASMIC score [2, 20] consisting of the

presence of thrombocytopenia and haemolysis with re-
duced mean red cell volume (MCV), preserved renal func-
tion and absence of underlying malignancy with no history
of receiving a tissue transplant, to the patients in our cohort
(Table 1) would have changed the diagnosis of TTP to an-
other TMA for patients 1, 11 and 21. The PLASMIC score
was however developed to identify patients with TMA and
severe ADAMTS-13 deficiency manifesting as TTP. Previ-
ous studies at our centre have demonstrated that a signifi-
cant proportion of patients with HIV-associated TTP-like
syndrome do not have anti-ADAMTS-13 inhibiting anti-
bodies [18]. Other studies have shown heterogeneity in levels

of ADAMTS-13 in these patients ranging from very severe
deficiency (< 5%) in up to 44% of patients to normal levels in
up to 30% of patients and factors other than ADAMTS-13
deficiency are therefore postulated as pathogenic mecha-
nisms including endothelial injury by HIV itself [21–25],
damage by other opportunistic infections or endothelial acti-
vation caused by HIV-associated chronic inflammation [15,
18, 26]. This endothelial injury is postulated to results in re-
lease of stored VWF which overwhelms the capacity of
ADAMTS-13 culminating in a consumptive deficiency. A
similar transient deficiency in ADAMTS-13 activity can be
seen in healthy volunteers after DDAVP administration
which results in release of VWF from endothelial cells [27].
The application of scoring systems such as the PLASMIC
score in our environment is currently inappropriate given
the high mortality if definitive treatment is not promptly
instituted.
Endothelial damage and local activation of coagulation

probably also results in an isolated, elevated D-dimer level
in these patients [18, 28]. The patients in this study had
consistently raised D-dimer levels with a median level of
2.565mg/L although other coagulation parameters were
not deranged. The inconsistency between the decrease in
ADAMTS-13 levels and presence of inhibiting antibodies
may explain the therapeutic effect of plasma infusion
without exchange therapy in HIV-related TTP [13]. The
elevated D-dimer levels in the 4 HIV-uninfected patients
in the current cohort may relate to sub-clinical bleeding
in view of the significant thrombocytopaenia. A differen-
tial diagnosis of Evan’s syndrome (autoimmune haemolytic
anaemia with thrombocytopaenia) was considered in 2 of
the HIV-uninfected patients although the laboratory fea-
tures were non-diagnostic (specifically the Coombs testing
was equivocal). The therapy for TTP is, however, effective
for patients with Evan’s syndrome and both patients
responded well.
HIV-associated TTP or TTP-like syndrome is preva-

lent in our centre despite increased access to anti-
retroviral therapy (ART). The patients in this study did
not show consistently low CD4+ T cell counts or high
HIV viral loads. Other co-morbid diseases like Kaposi
Sarcoma and cryptococcal meningitis were not overtly
evident in the HIV-infected patients in our cohort. Previ-
ous studies have shown that TTP is seen in patients with
profound immunosuppression and often with AIDS-defining
conditions like Kaposi Sarcoma [5, 9, 14, 18, 28, 29]. 8 of the
15 HIV-infected patients in the current study were on ART
at the time of admission with TTP. The HIV viral loads
ranged from below detectable limit (in the majority
of these patients) to 2,030,000 copies/ml. The viral
load and CD4+ T cell count did not predict the dur-
ation of plasma exchange needed to achieve remis-
sion although the HIV-uninfected patients did
achieve remission after on average fewer days of
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plasma exchange therapy. For 7 patients, TTP was
the index presentation of their HIV infection.
The differential diagnosis for TTP includes other

thrombotic microangiopathies (TMAs) importantly dis-
seminated intravascular coagulopathy (DIC) and haemo-
lytic uraemic syndrome (HUS) [30]. The diagnosis of TTP
and TTP-like syndrome in our unit is made on the basis
of severe thrombocytopaenia, elevated LDH levels and
schistocytes on the peripheral smear in the correct clinical
setting (including the presence of HIV infection). DIC is
generally excluded when the coagulation parameters (with
the exception of the D-dimers) are normal [28]. HUS
would only be considered in patients with current or his-
torical diarrhoea and severe renal dysfunction. In our co-
hort, only 1 patient presented with any significant renal
dysfunction. The absence of a single highly sensitive and
specific marker for TTP in HIV infection is a significant
impediment to early diagnosis and care, since other TMAs
cannot always be excluded with certainty. Of note, the
Coombs test may be non-specifically positive in
HIV-infected patients and the clinical and diagnostic sig-
nificance of this is uncertain [31].
All 21 patients in this cohort received daily plasma ex-

change therapy with Fresh Frozen Plasma (FFP). In pa-
tients who responded slowly either the volume of
exchange was increased to 1.5 plasma volumes and/ or
cryo-poor plasma at the treating clinician’s discretion [32].
Steroids (prednisolone at 1mg/kg) were prescribed to all
HIV-uninfected patients in the cohort but were used in-
consistently in the HIV-infected individuals [4, 5]. Only 1
patient demised during this study after 1 day of treatment.
The cause of death in this patient was not clear. This pa-
tient presented with the highest LDH levels in the cohort
(5472 U/L) suggesting severe haemolysis and tissue dam-
age [4]. All other patients responded to therapy and were
discharged with normal platelet counts and LDH levels. All
HIV-infected patients who were not on ART were placed on
first-line therapy consisting of single, fixed-dose combination
(FDC) tablet containing tenofovir (TDF), emtricitabine
(FTC) and efavirenz (EFV [32]. The 4 HIV-uninfected pa-
tients responded quicker to plasma exchange. A possible dif-
ferential diagnosis of Evans syndrome (autoimmune
haemolytic anaemia with thrombocytopaenia) was consid-
ered in these patients.

Conclusion
TTP or TTP-like syndrome is a significant cause of mor-
bidity in patients infected with HIV. There is no clear link
to opportunistic infections in all cases or to severe levels
of immunosuppression. In some cases, TTP represents
the presenting complaint for patients with undiagnosed
HIV infection. Early treatment with plasma exchange is
highly effective but expensive and invasive (requiring in-
sertion of large bore catheters). The absence of highly

sensitive and specific biomarkers to diagnose TTP in this
subset of patients is a challenge.

Limitation of the study
Only 8 (less than 50%) patients in this cohort were on ART
limiting the statistical ability to draw a conclusion with re-
gard to the effectiveness of ART in preventing the develop-
ment of TTP. In addition, ADAMTS-13 antibodies and
levels are not routinely measured at our centre which makes
the application of scoring systems like the PLASMIC score
difficult. Previous studies [18] suggest, however, that this
score may need modification in our patient population due
to the heterogeneity in ADAMTS-13 levels.

Acknowledgements
None

Funding
Funding was provided partially through the Discovery Foundation Academic
Award and the National Research Foundation Thuthuka Grant
(TTK20110801000022866) both awarded to EM.

Availability of data and materials
All data and material which was available under the consent guidelines was
included in this publication.

Authors’ contributions
SL and RG devised the study and collected the data. EM and SL analysed the
data and wrote the paper. All authors read and approved the final
manuscript

Ethics approval and consent to participate
This was a retrospective analysis and patients were not consented. The
research was approved by the University of Witwatersrand Ethics Committee
(Clearance Certificate No. M160134).

Consent for publication
All authors have reviewed and approve submission of this work.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 2 October 2018 Accepted: 2 December 2018

References
1. Sadler JE. What’s new in the diagnosis and pathophysiology of thrombotic

thrombocytopenic purpura. Hematology Am Soc Hematol Educ Program.
2015;2015:631–6.

2. Bendapudi PK, Upadhyay V, Sun L, Marques MB, Makar RS. Clinical scoring Systems
in Thrombotic Microangiopathies. Semin Thromb Hemost. 2017;43(5):540–8.

3. Kappler S, Ronan-Bentle S, Graham A. Thrombotic Microangiopathies (TTP,
HUS, HELLP). Hematol Oncol Clin North Am. 2017;31(6):1081–103.

4. Joly BS, Coppo P, Veyradier A. Thrombotic thrombocytopenic purpura.
Blood. 2017;129(21):2836–46.

5. Blombery P, Scully M. Management of thrombotic thrombocytopenic
purpura: current perspectives. J Blood Med. 2014;5:15–23.

6. Allie S, Stanley A, Bryer A, Meiring M, Combrinck MI. High levels of von Willebrand
factor and low levels of its cleaving protease, ADAMTS13, are associated with stroke
in young HIV-infected patients. Int J Stroke. 2015;10(8):1294–6.

7. Mariotte E, Azoulay E, Galicier L, Rondeau E, Zouiti F, Boisseau P, et
al. Epidemiology and pathophysiology of adulthood-onset thrombotic
microangiopathy with severe ADAMTS13 deficiency (thrombotic

Louw et al. Thrombosis Journal           (2018) 16:35 Page 6 of 7



thrombocytopenic purpura): a cross-sectional analysis of the French
national registry for thrombotic microangiopathy. Lancet Haematol.
2016;3(5):e237–45.

8. Furlan M, Robles R, Lammle B. Partial purification and characterization of a
protease from human plasma cleaving von Willebrand factor to fragments
produced by in vivo proteolysis. Blood. 1996;87(10):4223–34.

9. Bentley MJ, Wilson AR, Rodgers GM. Performance of a clinical
prediction score for thrombotic thrombocytopenic purpura in an
independent cohort. Vox Sang. 2013;105(4):313–8.

10. Scully M, Yarranton H, Liesner R, Cavenagh J, Hunt B, Benjamin S, et al.
Regional UK TTP registry: correlation with laboratory ADAMTS 13 analysis
and clinical features. Br J Haematol. 2008;142(5):819–26.

11. George JN. How I treat patients with thrombotic thrombocytopenic
purpura: 2010. Blood. 2010;116(20):4060–9.

12. Sayani FA, Abrams CS. How I treat refractory thrombotic thrombocytopenic
purpura. Blood. 2015;125(25):3860–7.

13. Novitzky N, Thomson J, Abrahams L, du Toit C, McDonald A.
Thrombotic thrombocytopenic purpura in patients with retroviral
infection is highly responsive to plasma infusion therapy. Br J
Haematol. 2005;128(3):373–9.

14. Becker S, Fusco G, Fusco J, Balu R, Gangjee S, Brennan C, et al. HIV-associated
thrombotic microangiopathy in the era of highly active antiretroviral therapy:
an observational study. Clin Infect Dis. 2004;39(Suppl 5):S267–75.

15. Brecher ME, Hay SN, Park YA. Is it HIV TTP or HIV-associated thrombotic
microangiopathy? J Clin Apher. 2008;23(6):186–90.

16. Benjamin M, Terrell DR, Vesely SK, Voskuhl GW, Dezube BJ, Kremer Hovinga JA, et
al. Frequency and significance of HIV infection among patients diagnosed with
thrombotic thrombocytopenic purpura. Clin Infect Dis. 2009;48(8):1129–37.

17. Saab KR, Elhadad S, Copertino D, Laurence J. Thrombotic Microangiopathy
in the setting of HIV infection: a case report and review of the differential
diagnosis and therapy. AIDS Patient Care STDs. 2016;30(8):359–64.

18. Gunther K, Garizio D, Nesara P. ADAMTS13 activity and the presence of
acquired inhibitors in human immunodeficiency virus-related thrombotic
thrombocytopenic purpura. Transfusion. 2007;47(9):1710–6.

19. Chang JC. TTP-like syndrome: novel concept and molecular pathogenesis of
endotheliopathy-associated vascular microthrombotic disease. Thromb J. 2018;16:20.

20. Bendapudi PK, Hurwitz S, Fry A, Marques MB, Waldo SW, Li A, et al.
Derivation and external validation of the PLASMIC score for rapid
assessment of adults with thrombotic microangiopathies: a cohort study.
Lancet Haematol. 2017;4(4):e157–e64.

21. del Arco A, Martinez MA, Pena JM, Gamallo C, Gonzalez JJ, Barbado FJ, et al.
Thrombotic thrombocytopenic purpura associated with human
immunodeficiency virus infection: demonstration of p24 antigen in
endothelial cells. Clin Infect Dis. 1993;17(3):360–3.

22. Green DF, Resnick L, Bourgoignie JJ. HIV infects glomerular endothelial and
mesangial but not epithelial cells in vitro. Kidney Int. 1992;41(4):956–60.

23. Cenacchi G, Re MC, Preda P, Pasquinelli G, Furlini G, Apkarian RP, et
al. Human immunodeficiency virus type-1 (HIV-1) infection of
endothelial cells in vitro: a virological, ultrastructural and immuno-
cytochemical approach. J Submicrosc Cytol Pathol. 1992;24(2):155–61.

24. Steffan AM, Lafon ME, Gendrault JL, Schweitzer C, Royer C, Jaeck D, et al. Primary
cultures of endothelial cells from the human liver sinusoid are permissive for
human immunodeficiency virus type 1. Proc Natl Acad Sci U S A. 1992;89(5):1582–6.

25. Re MC, Furlini G, Cenacchi G, Preda P, La Placa M. Human
immunodeficiency virus type 1 infection of endothelial cells in vitro.
Microbiologica. 1991;14(2):149–52.

26. Younas M, Psomas C, Reynes J, Corbeau P. Immune activation in the
course of HIV-1 infection: causes, phenotypes and persistence under
therapy. HIV Med. 2016;17(2):89–105.

27. Reiter RA, Knobl P, Varadi K, Turecek PL. Changes in von Willebrand
factor-cleaving protease (ADAMTS13) activity after infusion of
desmopressin. Blood. 2003;101(3):946–8.

28. Gunther K, Dhlamini B. D-dimer levels are markedly raised in HIV-related
thrombotic thrombocytopenic purpura. AIDS. 2007;21(8):1063–4.

29. Gervasoni C, Ridolfo AL, Vaccarezza M, Parravicini C, Vago L, Adorni F,
et al. Thrombotic microangiopathy in patients with acquired
immunodeficiency syndrome before and during the era of
introduction of highly active antiretroviral therapy. Clin Infect Dis.
2002;35(12):1534–40.

30. Noris M, Remuzzi G. Atypical hemolytic-uremic syndrome. N Engl J
Med. 2009;361(17):1676–87.

31. Iordache L, Launay O, Bouchaud O, Jeantils V, Goujard C, Boue F, et
al. Autoimmune diseases in HIV-infected patients: 52 cases and
literature review. Autoimmun Rev. 2014;13(8):850–7.

32. Rock GA, Shumak KH, Buskard NA, Blanchette VS, Kelton JG, Nair RC,
et al. Comparison of plasma exchange with plasma infusion in the
treatment of thrombotic thrombocytopenic purpura. Canadian
Apheresis Study Group. N Engl J Med. 1991;325(6):393–7.

Louw et al. Thrombosis Journal           (2018) 16:35 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methodology
	Results
	Discussion
	Conclusion
	Limitation of the study

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

