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The protocol that has been approved by the University of the Free Sate Health Research Ethics
Committee is, National profile of characteristics of patients treated for TTP which is an extension of
the study: The characteristics of patients with TTP at Universitas Haematology department from
2010-2017.

This study relied solely on the provision of data from the WCBS, and not all the information could
be supplied. This was initially planned as a national study, but data was only received from the
Western Cape Province and the researchers were unable to obtain data from the South African
National Blood Service (SANBS), limiting the study to the Western Cape.

The manuscript title has therefore been changed to; Thrombotic Thrombocytopenic Purpura in the

Western Cape: Patient profile from the Western Cape Blood Service from 2010 to 2017.
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Summary

Thrombotic thrombocytopenic purpura (TTP) is a rare life-threatening hematological disorder. It is
caused by a deficiency in ADAMTS13. ADAMTS13 is a zinc-containing metalloprotease enzyme that
cleaves Von Willebrand factor (VWF). The deficiency of ADAMTS13 results in VWF accumulation
and causes platelet rich thrombi, resulting in haemolytic anaemia and thrombocytopenia. There is
an increased risk of TTP among female patients, patients from black races and patients with blood
group O, based on previous studies. It is also most commonly seen among patients with HIV. The

mainstay of treatment is plasma exchange and fresh frozen plasma.

A retrospective study aimed at describing the national characteristics of TTP from 2010 to 2017 was
done. Permission to conduct the study was obtained from the Health Sciences Research Ethics
Committee of the University of the Free State (HSREC), Western Cape Blood Service (WCBS) ethics
committee and South African National Blood Service (SANBS). The described characteristics are the

age, gender, blood group and the blood products given to the patients.



Abbreviations:

ADAMTS13 A disintegrin and metalloproteinase with a thrombospondin type 1 motif, member
13

ARV anti-retroviral treatment

FBC full blood count

FFP fresh frozen plasma

HAART highly active anti-retroviral therapy
HIV human immunodeficiency virus

HUS haemolytic uremic syndrome

MAHA microangiopathic hemolytic anemia
PEX plasma exchange

RBC red blood cell

TMA thrombotic microangiopathy

TTP thrombotic thrombocytopenic purpura
UAHC Universitas Academic Hospital Complex
VWEF von Willebrand factor



Definitions

ADAMTS13: Processes ultra-large multimers of VWF secreted from Weibel Palade bodies of

stimulated endothelial cells and platelets to VWF monomers (1).

MAHA: Fragmentation of red blood cells as they pass through platelet-rich microthrombi in
microvascular system. Findings on peripheral smear: prominent schistocytes, helmet cells and

triangular cells (1).

Von Willebrand Factor: Glycoprotein involved in blood clotting. It causes platelets to adhere to the

endothelial layer of the cell (2).



Chapter 1

Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare life-threatening disease caused by reduced
activity of ADAMTS13. It is characterized by small-vessel platelet-rich thrombi that cause
thrombocytopenia and microangiopathic haemolytic anaemia (3). It is associated with advanced

forms of HIV (1).

Thrombotic thrombocytopenic purpura (TTP) can be acquired, in which case it is an autoimmune
disorder where there is an autoantibody inhibitor of ADAMTS13 activity, or hereditary, due to
homozygous or compound heterozygous mutations in ADAMTS13 (4). It is important to note that
there are a number of other causes of microangiopathic haemolytic anaemia (TMA), which may be
difficult to differentiate from TTP. These include the following hereditary causes: complement-
mediated TMA, metabolism-mediated TMA, and coagulation-mediated TMA. Acquired causes may

be due to Shiga toxin-mediated TMA, drug-mediated TMA and complement-mediated TMAs (4).

Thrombotic thrombocytopenic purpura and hemolytic uremic syndrome (HUS) were previously
thought to be overlapping syndromes. They are similar disorders but HUS is more prevalent in

children and frequently present with renal impairment (5) (6).

Epidemiology
Reported cases are four to eleven per one million adults per year in the USA (7). Acquired TTP is
rare in children, and the median age is 41 years. There is an increased risk of TTP in females,

patients belonging to black racial groups and patients with the blood group O (3) (8).

The risk of blood group O was postulated after a multi-centre study was performed in Oklahoma
from 1995 to 2009, which showed that among patients with TTP and severe ADAMTS13 deficiency,
the relative frequency of patients with blood group O was greater than expected, suggesting that

blood group O could be a risk factor for severe ADAMTS13 deficiency (9).



In a study by Martino et al., a comparison was made between black and white people on survival
and genetic risk factors in TTP. It was found that there was a low frequency of protective allele
DRB1*04 in black people, which is a strong risk factor for developing TTP (10). Even though the
frequency is much higher in the black population, it has been found that they have better survival

rates than white patients. (10)

A study was conducted on 83 patients with autoimmune TTP at the University of Alabama at
Birmingham Medical Center between April 2016 and June 2019. The study found that lower levels
of ADAMTS13 and increased 1gG of ADAMTS13 resulted in higher levels of relapse and exacerbation
(11).

From the study, other important role players were found to be autoantibodies, genetic mutations,

pregnancy, infection, obesity and HLA DRB1*11 (1).

Presentation
Thrombotic thrombocytopenic purpura (TTP) presents as a severe microangiopathic haemolytic
anaemia and thrombocytopenia (3). Initial symptoms are fatigue, dyspnoea, petechiae or other

bleeding. Patients are not always critically ill.

The common presenting features, with frequency expressed as a percentage in brackets, are the
following (3):
- Microangiopathic hemolytic anemia (MAHA) and thrombocytopenia are the hallmark of TTP,
and are present in 100% of cases.
- Neurological: severe (35%) - coma, seizures, stroke, focal signs
minor (20.3%) - confusion, headache
none (34%)

- Renal: acute kidney injury (6%), renal insufficiency (41%), normal renal function
9



(53%)
- Fever: (23%)
- Gastrointestinal: abdominal pains, nausea, vomiting or diarrhea
- Cardiac: chest pains, arrhythmias, sudden cardiac death, myocardial infarction,

cardiogenic shock and heart failure

The complete pentad of clinical features namely MAHA, thrombocytopenia, renal failure,

neurological symptoms and fever occur in 5% of patients (3).

Diagnostic testing

The condition should be suspected in those presenting with microangiopathy and

thrombocytopenia, with or without organ involvement.

Supporting laboratory investigations include a full blood count (FBC), peripheral smear, creatinine,
lactate dehydrogenase (LDH), unconjugated bilirubin, haptoglobin, coagulation testing, coombs and

ADAMTS13 activity.

The diagnosis of TTP made when there is MAHA, thrombocytopenia, markedly increased LDH,

increased bilirubin, negative coombs, decreased haptoglobin and decreased ADAMTS13 levels.

Systemic conditions associated with MAHA (3) (4)

- Systemic infection

- Systemic malignancy

- Severe pre-eclampsia, eclampsia, haemolysis, elevated liver enzymes and low platelet count
(HELLP) syndrome

- Severe hypertension

- Systemic rheumatic disorders: systemic lupus erythematosus (SLE), scleroderma renal crisis,

10



and catastrophic antiphospholipid syndrome

- Hematopoietic stem-cell or organ transplantation due to bone marrow ablation, high doses of
chemotherapy, immunosuppressive drugs, or rejection of transplanted kidneys

- Chemotherapy drugs associated with MAHA, e.g. mitomycin, cisplatin, daunorubicin and
cytosine arabinoside, to mention a few other drugs associated with MAHA are cyclosporine,
clopridrogrel, ticlopidine and quinine (12)

- Disseminated intravascular coagulation,

- Severe vitamin B 12 deficiency

- Pancreatitis

Treatment

This disease, if left untreated, is associated with a high mortality rate of >90%. Once suspected,
treatment should be commenced speedily, because ADAMTS13 level results usually take long to
come out. (1) The mainstay of treatment is plasma exchange, and the addition of steroids and

rituximab has improved outcomes (1) (13).

Oral prednisone at a dose of 1mg/kg per day is prescribed if the patient can tolerate it, otherwise
methyl prednisone may be used intravenously. The steroids are then tapered when the platelet

count normalizes (13).

Rituximab has been added to the first line treatment of TTP (with steroids and plasma exchange),
unless it is contraindicated. It has been shown to cause less relapse, and reduces the risk of

exacerbation. It is a Cluster or Differentiation 20 (CD20) monoclonal antibody inhibitor (13).

Plasma exchange (PEX) is part of first line treatment, and fresh frozen plasma infusions can be given
while awaiting PEX. Oliguric renal failure may limit the amount of plasma that can be infused while
awaiting PEX. Plasma exchange involves the removal of the patient’s plasma and replacement with

donor plasma. The rationale for this is that the plasma will be removed with other substances that

11



are causing damage to the patient. In TTP the plasma will be removed with VWF and
autoantibodies against ADAMTS13. The plasma exchange is performed daily and is continued until

the platelet count is more than 150x10°/L (14).

Complications of plasma exchange include the following (14):

- Citrate-induce hypocalcaemia

- Anaphylactic reaction

- Transfusion-related lung injury

- Risk of transfusion-transmitted disease

- Vascular catheter complications (Infection, pain, nerve damage, thrombosis, hematoma and air

embolism)

When plasma infusion is considered, either FFP or cryo-poor plasma (cryo-supernatant) or freeze-
dried plasma may be used.

- Fresh frozen plasma is prepared from a single unit of whole blood which contains all the
coagulation factors (14).

- Cryo-poor plasma may be used instead of FFP as it is deficient of cryoprecipitant.
Cryoprecipitate is the cold insoluble fraction of FFP and it contains factor VIII, VWF,
fibrinogen, fibronectin and factor XIIl (15).

- Bio plasma (National Bioproducts Institute) is a freeze-dried plasma made from pooled fresh
human plasma, which is inactivated for lipoprotein-coated viruses found in HIV, Hepatitis B

and Hepatitis C (15).

Previous studies have been conducted on outcomes of TTP in specific blood groups. In one study
done at Cairo University Hospital from 2008 to 2016 on 33 patients with severe ADAMTS 13
deficiency, it was found that the patients with blood group O needed more plasma exchange
sessions to achieve remission, and that cryo-supernatant improves outcomes in patients with

refractory TTP (16).

12



TTP in HIV infected persons

The human immune deficiency virus (HIV) has been found to be a precipitant in the development of
TTP. This is related to the direct effects of HIV causing endothelial damage. The presence of the
antigen P24 in the endothelium of cells, suggests either a direct toxic effect or endothelium
impairment. TTP has a greater incidence in HIV patients. It usually develops in advanced HIV,
where patients have high viral loads, and in those who are not yet on ARVs (anti-retroviral therapy).
Certain studies have indicated a reduction in the incidence of HIV since the introduction of ARVs.
When it comes to treatment of TTP, the prompt initiation of ARVs has been shown to cause faster
resolution of TTP than patients on plasma exchange only. The risk of relapse of TTP in HIV is

reduced when the patient maintains a low viral load by taking ARVs (10) (17).

In a study by Louw et al. with 21 patients in South Africa it was found that HIV-related TTP was a

cause for mortality, and the presentation is usually diverse (18).

Novitsky et al. did a descriptive study on 44 patients between 1996 and 2003 at Groote Schuur
Hospital. The aim was to look at the response of TTP to therapy with or unrelated to HIV. It was
found that HIV positive patients were highly responsive to plasma infusions when compared to HIV

negative patients (1).

TTP and HIV viral load

In numerous published journal articles on patient case reports, it has been shown that TTP in HIV
positive patients is associated with a high viral load, while in other instances the CD4 count can be
normal. TTP associated with HIV will usually present in patients who are non-compliant with their
treatment, indicating the causal effect of HIV on TTP (19) (20). Treatment of TTP in the setting of

HIV is therefore based on immediate commencement of antiretroviral therapy, as this has been

13



shown to give a rapid response (21). It has also been demonstrated that the incidence of TTP has

been reduced in the post-ARV era, compared to the pre-ARV era, in a study done by Becker et al

(22).

Role of Anti-retroviral Therapy

South Africa has the largest ARV roll-out in the world. It was estimated in 2015 that about 3.1
million people in the country were on ARVs (23). The use of ARVs over the years in South Africa has
changed according to CD4 count (Table 1). This might have had an impact on the incidence of TTP,
possibly causing a decrease in HIV-associated TTP.

Table 1 Qualification for antiretroviral therapy per year in South Africa (23)

Year Trigger for initiation of ARVs

Before 2012 CD4 count <200

2012 to 2014 CD4 count < 350

2015 to August 2016 CD4 count < 500

From September 2016 All HIV+ patients qualify regardless of CD4 count

Rationale of research project

The rationale for this research is that TTP is an interesting and rare haematological disorder which
can mimic many other causes of a microangiopathic haemolytic anaemia. It usually does not
present with the usual pentad of MAHA, thrombocytopenia, renal failure, neurological symptoms
and fever, as this only occurs in about 5% of patients. It would be interesting to see the
epidemiology and the demographics in South Africa to better understand the disease and how it
behaves. With regards to the demographics this study will investigate age, gender, blood group, the
number of cases per year and blood products used. It will also look at the treatment regimens and
blood products given to patients. Understanding the disease will assist in its timely detection and

effective treatment.

14




Limitations and need for further research
This research project is a retrospective descriptive study, and therefore not all clinical data was

available, for example laboratory results and the presenting features of the patients.

This study relied solely on the provision of data from the WCBS, and not all the information could
be supplied. This was initially planned as a national study, but data was only received from the
Western Cape Province and the researchers were unable to obtain data from the South African
National Blood Service (SANBS), limiting the study to the Western Cape. One measurement error

was that patients who had a diagnosis of TTP and did not receive FFP, would be missed.

A prospective study can be done where certain data can be obtained, like clinical features,

laboratory results, concomitant medication, patient outcome and the specific treatment modality.

Aims and objectives

The aim of this research project was to describe the characteristics of patients with TTP from 2010
to 2017 in South Africa (which is an extension of the initial project of describing the characteristics

of patients diagnosed with TTP at the Universitas Haematology Department from 2010 to 2017).

Approval was obtained from the WCBS and SANBS ethics committees for the provision of data for
the time period 01 January to 31 December 2017, for patients above the age of 18 that received
fresh frozen plasma for indications of TTP, microangiopathic haemolytic anaemia and haemolytic
uremic syndrome. The data that was collected from the archives of WPBTS and information

received was from the Western Cape, which included the demographics of the patients such as
15



their age, the gender, the blood group, the name of hospital, the province, the date of first plasma
product ordered and the type and number of blood product ordered. We unfortunately did not

receive the required data from SANBS despite getting approval.

The demographics and characteristics that have been described in the manuscript are the age,

gender, blood group, number of TTP cases per year and the products given.
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Abstract

Introduction: Thrombotic thrombocytopenic purpura (TTP) is a rare life-threatening haematological
disorder caused by a deficiency in the Von Willebrand factor (VWF) cleaving enzyme, ADAMTS13.
Deficiency of ADAMTS13 results in the accumulation of ultra-large VWF multimers and causes
formation of platelet-rich thrombi, with subsequent haemolytic anaemia and thrombocytopenia.
An increased risk of TTP has been described in female patients, people with black ethnicity, and
patients with the O blood group. It is also commonly seen among patients with HIV. The mainstay
of treatment is plasma exchange and infusion of fresh frozen plasma. Conflicting results regarding
best treatment options, necessitates further research into TTP management.

Aim: This retrospective study aims to describe the profile of people treated for TTP by the blood
transfusion services in the Western Cape Province from 2010 to 2017. Permission to conduct this
study was obtained from the Health Sciences Research Ethics Committee of the University of the
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Free State (HSREC) and the Western Cape Blood Service (WCBS).

Results: The median age of TTP patients was 35.5 years, and the majority of the patients was
female (72.43%). The B blood group was overrepresented in our study population, when compared
to the reported prevalence in South African blood donors. The Rh-negative blood groups were
found to be underrepresented, and proportionally less common than reported in the healthy South
African blood donor population. The most commonly used blood product was fresh frozen plasma.
Conclusion: TTP is more prevalent in females than males in the Western Cape population. The
median age of TTP patients in our study is lower than what is reported in other countries. The B
blood group could be a risk factor for TTP, however, the lower incidence in Rh-negative blood
groups could indicate it as a protective factor against TTP. We recommend that further

investigation into the aetiological factors of TTP in South Africa is performed.
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare life-threatening haematological disorder
caused by a deficiency in the Von Willebrand factor (VWF) cleaving enzyme, ADAMTS13. When
ADAMTS13 is deficient, ultra-large VWF multimers accumulate in the circulation system, causing
the formation of platelet-rich thrombi, subsequently resulting in microangiopathic haemolytic
anaemia (MAHA) (1). An increased risk of developing TTP has been reported in females, people
with black ethnicity, and people belonging to blood group O (2). Infection with the human immune
deficiency virus (HIV) is an additional risk factor for the development of TTP (3). Other important
contributors are the presence of anti-ADAMTS13 autoantibodies, certain genetic mutations,

pregnancy, infection, obesity, and HLA variants (HLA DRB1*11, DRB1*3 andDRB1*04) (4)(5).

It has been previously argued that blood group O could be a partially protective element against
TTP because of the presence of a lower level of VWF as compared to other blood groups (6).
However, a study done in Oklahoma from 1995 to 2009, which included 301 patients, found that
among patients with TTP and severe ADAMTS13 deficiency, the relative frequency of patients with
blood group O was greater than expected, suggesting that blood group O could be a risk factor for

severe ADAMTS13 deficiency (7).

HIV infection has been found to be a precipitating factor in the development of TTP. It has been
stated that this is related to the direct effects of HIV-related endothelial damage, as the presence of
the antigen P24 in the endothelium suggests either a direct toxic effect or endothelium impairment
(8). TTP is reported to occur in patients with advanced HIV infection who have high viral loads, and
those who have not yet started on anti-retroviral treatment (ART) (9). Prompt initiation of ART has
been shown to cause faster resolution of TTP compared to plasma exchange alone. The risk of
relapse of TTP in HIV-infected patients is reduced when a patient maintains a low viral load by
taking ART(8). Although some studies show a decline in the incidence of TTP since the introduction

of ART (10) (11), HIV infection remains an important risk factor for thrombotic microangiopathies.

The mainstay of treatment of TTP is plasma exchange, while the addition of steroids and rituximab
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has improved outcomes. In HIV positive patients, the prompt initiation of ART assists with faster
resolution of TTP (10). In a South African study by Louw et al. (2018), it was found that TTP was
more common in HIV-infected patients (77%), and had a female predominance (76%). Even though
the patients showed a good overall survival on plasma exchange treatment (96.5% survival rate),
HIV-infection was a risk for mortality. The presentation of TTP in HIV-infected patients is usually
diverse, further complicating diagnosis and management (12). Another South African study found
that HIV-associated TTP patients were more responsive to plasma infusions than HIV-negative TTP
patients. None of the HIV-infected patients required apheresis compared to the roughly 43% of the
HIV-negative patients who required apheresis (17% of these patients died regardless of receiving
aphaeresis) (3). Therefore, with the two studies recommending different treatment approaches to
HIV-associated TTP in South Africa, further exploratory research on the aetiological factors

associated with HIV-linked TTP-like syndrome in our setting is vital.

The lack of current TTP data in South Africa and controversy around the role of blood group and
HIV in TTP prompted this study. The researchers aimed to determine the demographics of patients
treated for TTP in the Western Cape Province of South Africa. The Western Cape Blood Service
(WCBS) was approached, and the data of all patients that received blood products for the reported
diagnosis of thrombotic thrombocytopenic purpura, TTP, and MAHA was requested. The described

characteristics included age, gender, blood group and the blood products given.

Methodology

Study design
A retrospective study was performed using data from the Western Cape Blood Service, South

Africa.

Participant selection
All archived electronic records of patients who were issued blood products for the recorded

indication of ‘thrombotic thrombocytopenic purpura’, ‘TTP’, ‘microangiopathic haemolytic
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anaemia’, ‘MAHA’, ‘haemolytic uraemic syndrome’, and ‘HUS’, from 01 January 2010 to 31

December 2017 were included in the study.

Measurement

The electronic data was retrieved from Blood Bank electronic records by the Information
Technology data analysts, and sorted by WCBS senior staff. Demographic data including age,
gender, and treating hospital was collected, as well as Blood Bank data (blood group, type of blood

product ordered, quantity of blood products, and dates of first and last orders).

Bias

It is acknowledged that due to the retrospective nature of this study, some selection bias may be
present. Only cases that were reported as TTP, MAHA and HUS were included in the study. The
diagnosis of TTP was not confirmed by laboratory testing. There may be cases that were missed due
to other recorded diagnoses. Patients who received other plasma products not issued by the WCBS

(e.g. freeze-dried plasma or Bioplasma®(NBI)) were not represented in this data.

Ethics
Approval to conduct this study was obtained from the Health Sciences Research Ethics Committee
(HSD 2018/0114) of the University of the Free State (HSREC) and permission to use this data was

obtained from the management of the WCBS.

Statistical methods

The Department of Biostatistics at the University of the Free State performed the data analysis.
Continuous variables were summarised by means, standard deviations or medians and percentiles.
Categorical variables were summarised by frequencies and percentages. Differences between
groups (e.g. blood groups) were evaluated using appropriate statistical tests and confidence

intervals for unpaired data.
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Results

A total of 342 cases with at least one of the specified recorded diagnoses were included in the
study. This number includes patients treated at public (91.8%, n=314) as well as private (8.2% n=28)
hospitals. The majority of the cases were from two public academic hospitals, namely Tygerberg

(39.8% n=136) and Groote Schuur (37.1%, n=127).

Of the 342 cases included in the study, 293 had confirmed TTP, one had HUS and 48 had a diagnosis
of ‘possible TTP’. The HIV status was recorded in only 13 patients and they were all HIV-infected.
Systemic lupus erythematosus (SLE) was present in five cases, four of the SLE cases had TTP and

one had ‘possible TTP’. Disseminated intravascular coagulation was noted in seven cases.

The median age of the cases was 35.5 years (IQR, 30-43 years). The youngest case was 19 and the

oldest was 81 years of age. Females represented 72.43% (n=247) of the study population.

Over the study period, the mean number of cases per annum was almost 43 new cases per year.
The highest number of cases of TTP was reported in 2017 (59 cases) and the lowest number of

cases was 36 (2011 and 2012). The number of cases per year is indicated in Figure 1.

NUMBER OF CASES OF TTP

o
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Figure 1. Number of cases of TTP per year

One hundred and thirty-one (131; 38.53%) participants were blood group O positive (OP), followed
by 109 (31.76%) who were A positive (AP). Only one participant (0.29%) was blood group AB
negative (ABN), and three (0.88%) were B negative (BN). The blood groups of the participants are

presented in Table 1.
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Table 1. Prevalence of blood groups in the Western Cape TTP and South African blood donor

populations (13)

Blood Group n TTP Study % 95% confidence interval SA Blood donors %
ABN 1 0.29 0.1% - 1.6% 1

ABP 20 5.88 3.8% - 8.9% 3

AN 5 1.47 0.6% - 3.4% 5

AP 109 31.76 27.0% - 36.9% 32

BN 3 0.88 0.3% - 2.6% 2

BP 64 18.82 15.0% - 23.3% 12

ON 8 2.35 1.2% - 4.6% 6

oP 131 38.53 33.5% - 43.8% 39

Unknown 1 0.29

Key: ABP AB positive, AN A negative, AP A positive, BN B negative, BP B positive, ON O negative, OP O positive.

Blood products that were issued to the cases are summarised in

Table 2.

Table 2: Blood products issued to cases

Blood product Cases receiving blood | Median number of | Maximum number of

product (%, n) units issued (IQR) units issued to a single
patient

Frp* 84.5%, 289 9 (5-27) 169

Cryo-poor plasma* 55.8%, 191 19, (8-41) 260

Paediatric pooled plasma 1.16%, 4 5(3.5-9) 12

CryoprecipitateA 1.75%, 6 20 (10-40) 40

RCC (including leukodepleted | 68.4%, 234 3 (2-4) 26

RCC)

Platelets 14.3%, 49 4

Key: IQR interquartile range, FFP fresh frozen plasma, RCC red cell concentrate.

* FFP is the total plasma content of a whole blood donation. i Cryoprecipitate is collected from thawing a frozen FFP unit and
collecting the precipitate. : Cryo-poor plasma (or cryosupernatant) is the remaining product after the cryoprecipitate has been
extracted from thawed FFP

Seventy-two (72) units of platelets were issued to 49 (14.3%) patients. TTP was diagnosed in 67.3%

(n=33/49) of the patients receiving platelets, while the remainder (n=16/49) had a diagnosis of

25



'possible TTP’. Random donor pooled platelet products (POOLP) were issued to 73.5% (n=36/49) of
these participants. The maximum number of POOLP units issued to a single patient was four units.
Thirty-two (n=32/36) patients from this group who received POOLP were diagnosed with TTP and
four (n=4/36) were recorded as “possible TTP” cases. Single donor apheresis platelet products
(PLAPH) were issued to 30.6% (n=15/49) of the total number of patients who received platelets.
The maximum number of PLAPH units received by a single patient was four units. Three (n=3/15)
patients from this group had confirmed TTP and ten (n=10/15) had “possible TTP”. Two patients
received both POOLP and PLAPH units.

Discussion:

The characteristics of TTP that have been described are age, gender, incidence, blood groups and

blood products.

Demographics

In our study the majority of the TTP population was females (72.43%). Considering that during
roughly the same time period (2011 to 2016) females only comprised between 50.9% (2011) and
50.7% (2016) of the Western Cape Province population, and nationally remained constant at 51% of
the total population (2011 and 2016), females are over-represented in the TTP group by more than
20% (14). The results of this study therefore support the findings of previous studies that found
that females are at a higher risk of developing TTP (1) (7) (15) (16) (17).

The median age of our study population was 35.5 years. This finding is similar to the mean age of
34.3 years found in another South African study (15). The mean age of onset for TTP in South Africa
seems to be slightly younger when compared to other areas of the world where the median age

was determined to be 41 years (1).

Incidence
TTP is a life-threatening haematological disorder that is associated with advanced forms of HIV

infection. Another South African study (15) showed that 78.0% of patients with TTP were also HIV
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infected. With millions of people in South Africa infected with HIV, a high incidence of HIV-related
TTP can be expected. From September 2017 every HIV-infected patient in South Africa has been
eligible to be started on ART regardless of their CD4 count (18). This was a very positive
development in the South African healthcare system, and it was hoped that the widespread use of
ART would also result in a decline in HIV-associated TTP. Unfortunately, the HIV status was only
recorded for 13 patients in our study cohort. Therefore, we could not evaluate the effect of ART
treatment on HIV-related TTP. However, we could evaluate the incidence of all TTP cases before
and directly after the rollout of ARV treatment in South Africa. Alarmingly, the incidence of TTP in
the Western Cape was found to be increasing from an average of 40 cases per year (2010 to 2016)
to 59 cases in 2017 alone. However, it may be too soon to assume that the rollout of ART did not
have an effect on the incidence of TTP. Therefore, a follow-up study would be needed covering a
longer timespan following implementation of the revised ART programme, in order to establish if

there was a significant change in the incidence of TTP or not.

Blood groups

For the purposes of this study, blood group patient data is compared to blood group data from the
donor population of the South African National Blood Service (SANBS). SANBS provides a service to
all the provinces of South Africa with the exception of Western Cape. Furthermore, the blood donor
population may not be representative of the South African population as a whole. Despite changes
in donation policies in post-apartheid South Africa, the majority of blood donors in South Africa are
White. Thus the general blood donor population in South Africa may not be a true representation

of the region’s demographics, resulting in a systematic bias of our results.

It was previously postulated that blood group O would have a lower incidence of TTP, due to a
lower level of VWF in that blood group (2). A 2009 study in Detroit, USA, found that the O blood
group had a lower incidence in patients with TTP (36%) when compared to the rest of the local
population (44%). However, the differences they described were not statistically significant (19).
Another retrospective study in the USA in 2009 also found no statistical difference between group

O and non-O TTP patients (2). In 2011, a large multicentre study on the Oklahoma TTP registry
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surprisingly found that blood group O was a risk factor for TTP associated with ADAMTS13
deficiency (7). In the TTP study population for our current study, it was found that the O blood
group is less prevalent when compared to the SANBS donor population (40.9% vs 45%). However,
there was a similar prevalence of O-positive people the groups (38.5% vs 39%), but O-negative was
nearly three times less prevalent in the TTP group than in the SANBS donor population (2.4% vs
6%). The AB blood group was over-represented in the TTP group (6.2% vs 4%). However, the AB-
negative group was much less prevalent in the TTP group (0.23% vs 1%), with the AB-positive group
representing nearly double the prevalence than that of the general population (5.9% vs 3%). The A-
positive blood group showed a similar prevalence between the two groups (31.8% vs 32%),
however, the A-negative group was more than three times less prevalent in the TTP group (1.5% vs
5%). The B-positive blood group was more prevalent in the TTP group (18.8% vs 12%), but the B-
negative group was again under-represented in the TTP group (0.9% vs 2%). The clear pattern that
emerged from our data is that Rh-negative was under-represented in our study population for all
blood groups (5.0% vs 14%). Two blood types were over-represented in the TTP group, namely AB-
positive and B-positive (5.9% vs 3%, and 18.8% vs 12%, respectively). Therefore, it may be
hypothesised that Rh-negative grouping is a possible protective factor in the development of TTP,
whereas the B blood group and Rh D expression serve as a possible risk factors. We believe that our
data warrants further investigation into the correlation between TTP and blood groups in our

setting.

Treatment options

The mainstay of treatment for TTP is plasma exchange, fresh frozen plasma and steroids.
Rituximab, which is a CD20 monoclonal antibody, has been added to the first line treatment. ( 1) It
has been shown that patients with blood group O need more plasma exchange sessions to achieve
remission (6). The same study showed that treatment with cryo-supernatant improved the clinical
outcome in blood group O patients with refractory disease, which may be due to the fact that cryo-
supernatant is devoid of VWF. This study was not designed to evaluate the response to treatment
or differences in response to treatment options, but we noted that fresh frozen plasma was

administered to 84.5% of the cases (average of nine units were given per patient) and 55.8% of the
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patients were treated with cryo-poor plasma. Fresh frozen plasma as well as cryo-poor plasma was
issued to 139 patients (40.6%). Red cell concentrates were issued to 68.4% of the cases, as patients

with TTP develop haemolysis as part of the disease process and require red cell transfusions.

Platelet products were issued to 49 patients (14.3%). Platelet products are usually considered
inappropriate therapy in patients with TTP without significant bleeding, as they may worsen patient
outcomes. Platelet transfusion has been shown to increase the platelet-rich thrombi, which
worsens thrombotic complications, although a systematic review on this subject showed uncertain
causation of platelet transfusion and harm (20). This is supported by a more recent publication (21)
that reported no additional harmful thrombotic complications in TTP patients who received platelet
therapy. This should be read in caution, as these observations were made at sites where plasma
exchange was routinely available for the management of TTP, which is not the situation in many
sites in South Africa. Additionally, platelet products should not be withheld from patients with
clinically important bleeding or where indicated for invasive procedures. As this was a retrospective
study using Blood Bank data, we could not establish the indication for the platelet transfusion, thus,

we cannot comment on appropriateness of transfusion or effect on outcome.

Limitations

This study relied solely on the provision of data from the WCBS, and not all the information could
be supplied. This was initially planned as a national study, but data was only received from the
WCBS and the researchers were unable to obtain data from the South African National Blood
Service (SANBS), limiting the study to the Western Cape. One measurement error was that patients
who had a diagnosis of TTP and did not receive FFP, would be missed. Further were the
retrospective nature of the study, and unavailability of certain data points and treatment
modalities. Furthermore, presenting features, concomitant medication, clinical course and patient

outcomes could not be measured.

Conclusion

Utilising data from 342 patients, we can conclude that TTP is indeed more common in females, with
29



our study population being 70% female. It is also noteworthy that the median age in our study
population was 35.5 years, which correlates with other South African data, but is younger than
reported elsewhere in the world. Therefore, our results indicate that TTP occurs earlier in life in the
South African population than described globally. Unsurprisingly, the most commonly transfused
blood product was FFP, which is the mainstay of TTP treatment in South Africa, and corresponds to
the most commonly used TTP treatment regimen in the country. Our results further suggest that
Rh-negative blood groups could possibly be a protective factor against TTP, as the Rh-negative
groups were underrepresented in all TTP patients, when evaluated against the known South African
blood donor population. However, the B and AB blood groups were over-represented in our TTP
population, which could indicate that the B antigen is a risk factor for the development of TTP in
our population. We believe that these findings provide enough scientific evidence to warrant

further in-depth investigation into the role of HIV and blood groups in the development of TTP.
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B. Letter of approval from Western Cape Blood Service
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University of the Free State Health Sciences Research Ethics Committee
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Participation of the Western Province Blood Transfusion Service (WPBTS) in the M.Med
thesis: National profile of the characteristics of patients treated for TTP (an extension
of the study: The characteristics of patients with TTP at Universitas Haematology
Department from 2010 - 2017 (HSD 2018/0114))

This letter serves to confirm that WPBTS is willing to participate in the above-mentioned
study by supplying data and blood product usage of patients treated for
thrombotocytopenic purpura (TTP) and haemolytic uraemic syndrome (HUS) between 2010
- 2017 provided that ethics approval is granted from your institution.

All supplied information will be treated in a strictly confidential manner as per standard
research etiquette.

Further queries can be directed to Dr Caroline Hilton (WPBTS Transfusion Medical
Specialist) - caroline@wpbts.org.za.

Kind regards, ™

A

L Dr Gregory Bellairs

Chief Executive Officer / Medical Director WPBTS
greg@wpbts.org.za

Paarl Worcester George

263 Main Road, Paarl, 7646 26 Napier Street, , 6850 Centre, Courtenay Street

PO Box 422, Paarl, 7620 PO Box 194, Worcester, 6849 PO Box 65, George, 6530

T: 021 871 1030 / F: 021 872 5945 T: 023 342 2450 / F: 023 342 7556 T: 044 874 2074 / F: 044 874 6097

WP Blood Transfusion Service NPC
Pr. No: 7800045 / Reg. No: 1943/016692/08

Directors: GRM Bellairs, AR Bird, MR Burton, NB du Toit, BdL Figaji, A Huggett, C Ingram, V Louw, DM Ndebele, R Ramsbottom, PK Slack (Chairman), PJ Veldhuizen
Company Secretary: | van Schalkwyk PER19 (16 Oct 17)
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C. Letter of approval from the South African National Blood Service

Toll Free: 0800 11 9031

Head Office or Zone
Head Office

1 Constantia Boulevard
Constantia Kloof Ext 22
1709

Postal Address: Private Bag X14, Weltevreden Park, 1715

SANBS

Registration No. 2000/026390/08

Tel: 011 761 9290

Email: Jackie.thomson@sanbs.org.za www.sanbs.org.za

Per email:

HREC

30 October 2018
To whom it may concern,

Re: Study Protocol: Re “NATIONAL PROFILE OF THE CHARACTERISTICS OF THE PATIENTS
TREATED FOR TTP”
The SANBS is able and willing to transfer data for the study purposes.

Yours Sincerely

Dr Jackie Thomson

AAAN .

Medical Director

Board of Directors:

Executives: J Louw (CEO) J Thomson (Medical Director)

Non-Executives: G Simelane (Chairman), R Brand, W Gumede, P Knox, V Moodley, A Ramalho, R Theunissen.
Company Secretary: M Luthuli.

FRM-CEO-002
1001481 REV 20 (10/03/17)
Page 1 of 1
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D: Letter of permission from Free State Department of Health

health

Department of
Health

FREE STATE PROVINCE

18 June 2018
Miss M Mohale
Dept. of Internal Medicine
UFS

Dear Miss M Mohale
Subject: The characteristics of patients with Thrombotic Thrombocytopenic Purpura (TTP) at Universitas Haematology
Department from 2010 to 2017
. Please ensure that you read the whole document, Permission is hereby granted for the above — mentioned research on the
following conditions:

e Serious Adverse events to be reported to the Free State department of health and/ or termination of the study

e Ascertain that your data collection exercise neither interferes with the day to day running of Universitas Hospital nor the
performance of duties by the respondents or health care workers.

e  Confidentiality of information will be ensured and please do not obtain information regarding the identity of the participants.

. Research results and a complete report should be made available to the Free State Department of Health on completion
of the study (a hard copy plus a soft copy).

. Progress report must be presented not later than one year after approval of the project to the Ethics Committee of the University
of Free State and to Free State Department of Health.

*  Any amendments, extension or other modifications to the protocol or investigators must be submitted to the Ethics Committee of
the University of Free State and to Free State Department of Health.

e  Conditions stated in your Ethical Approval letter should be adhered to and a final copy of the Ethics Clearance
Certificate should be itted to lithckom fshealth.gov.za or sebeclats a fshealth. gov.za before you commence with the
study

. No financial liability will be placed on the Free State Department of Health
. Please discuss your study with the institution manager/CEOs on commencement for logistical arrangements
. Department of Health to be fully indemnified from any harm that participants and staff experiences in the study

. Researchers will be required to enter in to a formal agreement with the Free State department of health regulating and
formalizing the research relationship (document will follow)

. You are encouraged to present your study findings/results at the Free State Provincial health research day

Future research wilhonly be granted permission if correct procedures are followed see hitp://nhrd hst.org. za

Dr D Motau

HEAD:HEAEBH C
Date: —2> ,g

: Ith
PO Box 227, Bloemfotein, 9300
4"Flo0f" ive Suite, Bophelo House, cnr M: and, Harvey Road, Bloemfotein




E. Permission from Head of Department

UNIVERSITY OF THE
FREE STATE UFSUV
UMVERSITEN AN L HEALTH SCIENCES
YUNIVESITHI YA GESONDHEIDSWETENSKAPPE

FREISTATA

08 May 2018

The SANBS Human Research Ethics Committee
1 Constantia Boulevard

Constantia Kloof

Extension 22, Weltevreden Park

1715

The Chairman,

Re: The characteristics of patients with thrombotic thrombocytopenic purpura
(TTP) at Universitas Haematology Department from 2010 — 2017.

| hereby give my approval that Dr Khethi Mohale's research protocol “The
characteristics of patients with thrombotic thrombocytopenic purpura (TTP) at
Universitas Haematology Department from 2010 — 2017” may be performed in my
department.

Yours sincerely,

—>

Dr TRP Mofokeng ......\.....]...
Head of Department: De| ent of Internal Medicine

Department of Internal Medicine. University of the Free State.

205 Nelson Mandela Drive, Park West, Bloemfontein 9301, South Africa

P.O. Box 339 (G73), Bloemfontein 9300, South Africa, \ )
T: +27(0)51 4053154, Fax: +27(0)51 4012659

www.ufs.ac.za
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F. Protocol approved by HSREC

National profile of the characteristics of patients treated for TTP

An extension of the study: The characteristics of patients with TTP at Universitas Haematology

Department from 2010-2017. (HSD 2018/0114)

Researcher:
Dr M Mohale

Registrar: Internal Medicine, University of the Free State

Supervisor:
Dr C Barrett
Consultant: Internal Medicine, University of the Free State
Co-supervisor:
Dr Walter Janse van Rensburg
Biomedical Scientist, Lecturer, Human Molecular Biology Unit, University of the Free State
Collaborators:
Nadia Mundey
Blood Bank Supervisor: Western Province Blood Transfusion Service
Dr C Hilton
Transfusion Medical Specialist: Western Province Blood Transfusion Service
Dr PL Wessels
Medical manager: Free State & Northern Cape, South African National Blood Service (SANBS)
Dr C Poole

Lead consultant: Specialised Transfusion and Therapeutic Services, SANBS

Contact person:
Dr M Mohale
Registrar: Internal Medicine University of the Free State

Contact number: 0825302948
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Summary of protocol in layman’s terms:

The study is about looking at the presenting features of thrombotic thrombocytopenic purpura

(TTP) in Universitas Haematology Department from the time period 2010 to 2017.

Von Willebrand factor (VWF) is a protein vital in platelet adhesion to wound sites within blood

vessel walls.

Thrombotic thrombocytopenic purpura (TTP) is a haematological disorder were VWF cannot be
broken down because of a deficiency of an enzyme known as ADAMTS13. This results in an
accumulation of ultra large VWF molecules, that then spontaneously binds to platelets in the blood
stream, which results in the blocking of small blood vessels. Red blood cells (RBC) are cut into
fragments as they pass through these platelet rich thrombi. Hence these patients will present with
blood breaking down (fragmentation) and low platelets (thrombocytopenia). The presence of an

active infection, such as HIV, may trigger the onset of TTP.

Therefore, the study will describe the common features that these patients present with. Their

clinical presenting features, laboratory findings and outcomes of treatment.

The extended study aims to review the national profile of patients treated for TTP with plasma
products from both the Western Province Blood Transfusion Service (WPBTS) and SANBS, the South
African National Blood Service over the same period as the main study. The initial study was only
getting this data from patients treated at Universitas Hospital. Limitations are that there is some
data from the National Study that will not be available, yet other important demographic and
epidemiological data will be collected through this protocol ammendment, which will strengthen

the study.
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Abreviations:

ADAMTS13 A Disintegrin And Metalloprotease with a ThromboSpondin type 1 motif, member 13

ARV
FBC
FFP
HAART
HIV
HUS
MAHA
PEX
RBC
TMA
TTP
UAHC
VWF

anti-retroviral treatment

full blood count

fresh frozen plasma

highly active anti-retroviral therapy
human immundefeciency virus
haemolytic ureamic syndrome
microangiopathic haemolytic anaemia
plasma exchange

red blood cell

thrombotic microangiopathy
thrombotic thrombocytopenic purpura
Universitas academic hospital complex

Von Willebrand factor
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Definitions/ function

ADAMTS13: Processes ultra-large mutlimers of VWF secreted from Weibel palade bodies of

stimulated endothelial cells and platelets to VWF monomers. @)

MAHA: Fragmentation of red blood cells as they pass through platlet-rich microthrombi in
microvascular. Findings on peripheral smear: prominent schistocytes, helmet cells and triangular

cells. ?

Von Willebrand Factor: it is a glycoprotein involved in blood clotting. It causes platelets to adhere

to the endothelial of the cell.
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Introduction:

Background:

Thrombotic thrombocytopenic purpura (TTP) is a rare life-threatening disease caused by reduced
activity of ADAMTS13. It is characterized by small-vessel platelet-rich thrombi that cause
thrombocytopenia and microangiopathic haemolytic anaemia.! It is associated with advanced

forms of HIV.?

Thrombotic thrombocytopenic purpura (TTP) can be acquired, which is an autoimmune disorder
where there is an autoantibody inhibitor of ADAMTS13 activity, or hereditary due to homozygous
or compound heterozygous mutations in ADAMTS13.2 It is important to note that there are a
number of other causes of microangiopathic haemolytic anaemia (TMA), which may be difficult to
differentiate from TTP. These include the following hereditary causes: complement-mediated TMA,
metabolism-mediated TMA, coagulation-mediated TMA, and acquired causes may be due to Shiga

toxin-mediated TMA, drug-mediated TMA and complement-mediated TMA’s.?

Epidemiology
Reported cases are four to eleven per one million adults per year in the US.* Acquired TTP is rare in
children. The median age is 41 years. There is increased risk in females, black race and blood group

1,5
0.

The risk of blood group O was postulated after a multi-centre study was performed in Oklahoma
from 1995 to 2009 which showed that among patients with TTP and severe ADAMTS 13 deficiency

the relative frequency of patients with blood group O was greater than expected.®

In a study by Martino et al., a comparison between black and white people on survival and genetic
risk factors in TTP was made. It was found that there was a low frequency of protective allele

DRB1*04 in black people and it is a strong risk factor for developing TTP.’
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Presentation
Thrombotic Thrombocytopenic purpura (TTP) presents as a severe microangiopathic haemolytic
anaemia and thrombocytopenia.® Initial symptoms are fatigue, dyspnoea, petechiae or other

bleeding. Patients are not always critically ill.

Presenting features with frequency expressed as a percentage in brackets:’
- Microangiopathic haemolytic anaemia and thrombocytopenia are the hallmark of TTP, are
present 100% of the time.
- Neurological: severe (35%) - coma, seizures, stroke, focal signs
Minor (20.3%) - confusion, headache
None (34%)
- Renal: Acute kidney injury (6%), renal insufficiency (41%), normal renal function (53%)
- Fever (23%)
- Gastrointestinal: abdominal pains, nausea, vomiting or diarrhoea
- Cardiac: chest pains, arrhythmias, sudden cardiac death, myocardial infarction, cardiogenic

shock and heart failure

The complete pentad of clinical features namely MAHA, thrombocytopenia, renal failure,

neurological symptoms and fever occur in 5% of patients.’

Diagnostic testing
Suspected in those presenting with microangiopathy and thrombocytopenia, with or without organ

involvement.

Supporting laboratory investigations: Full blood count (FBC), peripheral smear, creatinine, lactate
dehydrogenase (LDH), unconjugated bilirubin, haptoglobin, coagulation testing, coombs,

ADAMTS13 activity.

Diagnosis of TTP made when there is MAHA, thrombocytopenia, markedly increased LDH,

increased bilirubin, negative coombs, decreased haptoglobin and decreased ADAMTS13 levels.
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Systemic conditions associated with MAHA'?

- Systemic infection

- Systemic malignancy

- Severe pre-eclampsia, eclampsia, haemolysis elevated liver enzymes low platelet count (HELLP)
syndrome

- Severe hypertension

- Systemic rheumatic disorders: systemic lupus erythematosus (SLE), scleroderma renal crisis,
catastrophic antiphospholipid syndrome

- Haematopoietic stem-cell or organ transplantation due to bone marrow ablation, high doses
chemotherapy, immunosuppressive drugs, or due to rejection of the transplanted kidney.

- Disseminated intravascular coagulation

- Severe vitamin B 12 deficiency

- Pancreatitis

Treatment

This disease is associated with a high mortality if not treated, with a mortality rate of >90%. Once
suspected, treatment should be commenced speedily, because ADAMTS13 levels usually take long
to recover.” The mainstay of treatment is plasma exchange, and the addition of steroids and

. . . 2,11
rituximab has improved outcomes. ~

Oral prednisone at a dose of 1mg/kg per day is prescribed if the patient can tolerate it, otherwise
methylprednisone may be used intravenously. The steroids are then tapered when the platelet

. 11
normalizes.

Rituximab has been added to first line treatment of TTP (with steroids and plasma exchange) unless
contraindicated. It has been shown to cause less relapse and reduces risk exacerbation. It is a

Cluster or Differentiation 20 (CD20) monoclonal antibody inhibitor. **

Plasma exchange (PEX) is part of first line treatment and fresh frozen plasma infusion can be given
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temporarily while awaiting PEX. Oliguric renal failure may limit the amount of plasma that can be
infused whilst awaiting PEX. Plasma exchange involves the removal of the patient’s plasma and
replacement with donor plasma, the rationale being that the plasma will be removed with other
substances that are causing damage to the individual. In TTP the plasma will be removed with Von
Willebrand factor and autoantibodies against ADAMTS13. The plasma exchange is performed daily;

it is continued until the platelet count is more than 150. *

Complications of plasma exchange **

- Citrate induce hypocalcaemia

- Anaphylactic reaction

- Transfusion-related lung injury

- Risk of transfusion-transmitted disease

- Vascular catheter complications (Infection, pain, nerve damage, thrombosis, haematoma and

air embolism)

When plasma infusion is considered, either FFP or cryo-poor plasma (cryo-supernatant) or freeze
dried plasma may be used.

- Fresh frozen plasma is prepared from a single unit of whole blood which contains all the
coagulation factors.*?

- Cryo-poor plasma may be used instead of FFP as it is deficient of cryoprecipitant.
Cryoprecipitate is the cold insoluble fraction of FFP and it contains factor 8, vWF, fibrinogen,
fibronectin and factor 13.

- Bio plasma (National Bioproducts Institute). Is a freeze dried plasma made from pooled
fresh human plasma, which is inactivated for lipoprotein- coated virus found in HIV,

Hepatitis B virus and Hepatitis C virus. 13
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HIV and TTP

The human immune deficiency virus (HIV) has been found to be a precipitant in TTP by causing
endothelial damage. HIV can occasionally present with TTP and thrombotic microangiopathy in
patients with advanced HIV or those with poor adherence to antiretrovirals (ARVs). Treatment of
patient with TTP associated HIV should be directed at prompt commencement of highly active
antiretroviral therapy (HAART) to suppress viral load and plasma exchange.’” Starting HAART has

been shown to result in recovery and no relapse in patients compliant with their HAART.2

TTP and viral load

In numerous journals on patient case reports, it has been shown that TTP in HIV positive patients is
associated with a high viral load, in other instances the CD4 count can be normal. TTP associated
with HIV will usually present in patients who are non-compliant with their treatment, this showing
causal effect of HIV on TTP. ' Treatment of TTP in the setting of HIV is therefore based on
immediate commencement of antiretroviral therapy, and this has been shown to give a more rapid
response. *° It has also been demonstrated that the incidence of TTP has been reduced post HAART

era compared to pre HAART era, in a study done by Gervasoni C, Ridolf AL et al. *’

Roll of ARVs
South Africa has the largest ARV roll out in the world. It was estimated in 2015 about 3.1 million

people were on ARVs.® The roll out of ARVs over the years in South Africa, might have had an

impact on the incidence of TTP, possibly causing a decrease in HIV associated TTP.

Qualification for ARV’s in South Africa according to year °

Year Trigger for initiation of ARV’s

Before 2012 CD4 count <200

2012 to 2014 CD4 count < 350

2015 to August 2016 CD4 count < 500

From September 2016 All HIV+ patients qualify regardless of CD4 count
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1. To describe the characteristics of patients diagnosed with TTP at Universitas Haematology
Department from 2010 to 2017.
2. To better understand the epidemiology of TTP and the treatment regimes used to treat

patients with TTP in South Africa

Objective:
1. To describe the characteristics of patients diagnosed with TTP at Universitas Haematology
Department in the period Jan 2010 to Dec 2017.
2. To describe the national profile of patients treated as TTP
3. To describe the plasma products issued for patients with the diagnosis TTP for whom FFP/

cryopoor/ aphaeresis plasma were prescribed for the period 2010 to 2017.

Methodology:

Study design:

This is a retrospective descriptive study. Collecting data from the database at SANBS, National
Health Laboratory Services (NHLS), patient files from 01 January 2010 to December 2017.
Additional information will be obtained from the databases of the South African National Blood

Service as well as the Western Province Blood Transfusion Service (WPBTS)
Participant selection:

Inclusion criteria:
* Diagnosis of:
o TTP
o Thrombotic thrombocytopenic purpura
o Microangiopathic haemolytic anaemia
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o HUS
o Haemolytic uraemic syndrome
* All patients diagnosed with TTP in the time period 01 January 2010 to Dec 2017

* Age> 18 years

Exclusion criteria:

* Patients who did not receive plasmapheresis or plasma infusion.

Measurement:

How the data will be collected:

- We will apply to WPBTS and the SANBS ethics committee for the following data for the period
Jan 2010 to 31 Dec 2017:

o Number of patients with the diagnosis “TTP”/ “thrombotic thrombocytopenic purpura”/
“microangiopathic haemolytic anaemia”/ “HUS”/ “Haemolytic uraemic syndrome” for
whom fresh frozen plasma/ cryo-poor plasma/ plasma exchange were requested for.
We will also request the blood group of these patients.

o A list of patients treated at Universitas Hospital for whom FFP/ cryo-poor FFP or plasma
exchange were ordered for the indications mentioned above.

- We will then draw the patient records to confirm the diagnosis of TTP.

The following will data will be collected: (Only data from point 1 and 2 will be included in National

Study)

1. Demographics information collected (data will be obtained from the meditech system as well as

and records at WPBTS and SANBS)
* Age
* Gender
* Date of first plasma product ordered
* Blood group

* Name of hospital
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*  Province

* Baseline aboratory parameters

o Haemoglobin (as reported on initial request form)

o Platelet count (as reported on initial request form)

2: Treatment:

o TTP specific treatment received:

=  Steroids

= Rjtuximab

= |nitiation of HAART

= Plasma products: FFP/PEX/bioplasma/cryopoor plasma

=  Complications of treatment with plasma products as

Start date

Stop date

Number of units/ volume used
Number of units of platelets used

Number of units of red cell concentrate used

Haemovigilance office.

= Qutcome: Died, intensive care unit (ICU) admission, discharged.

3: Condition at diagnosis of TTP (data will be obtained from the clinical notes)

¢ Co-morbidities

* Concomitant medication used, including herbal preparations

* Presenting symptoms

* Vital signs at presentation

* Organ involvement

o Renal failure

o Myocardial ischaemia

o Central nervous system (Glasgow coma scale)

* HIV status: CD4 count, viral load and duration of treatment.

4: Antiretroviral therapy

reported to
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o Regimen

o Start date

5: Laboratory parameters (data will be obtained from NHLS Labtrack system)

o Haemoglobin

o Platelets

o % fragmentation at diagnosis
o DICscreen

o LDH

o Creatinine

o ADAMTS13 Activity

o ADAMTS13 Antibodies
o Haptoglobin

o Coombs

o Troponin T and CKyg

o Antinuclear antibodies, Antiphospholipid antibodies, Extractable nuclear antibodies

Data collection:

Data will be collected from the archives of meditech, patient files, NHLS Labtrack and the databases

of WPBTS and SANBS.

Methodological and measurement errors:

Incomplete patient notes or no notes

Incomplete data given on request forms to WPBTS and SANBS

Missing files

Patients may be missed due to not receiving FFP/ therapeutic aphaeresis

Diagnosis not entered into forms requesting FFP from blood bank

Patients may be missed as diagnosis not made before patient demise/ discharge

Due to the nature of this being a National study, some data points may be missed as not all
information will be available. However, we believe that the critical data points will be available

according to the feasibility discussions that we have had with the stakeholders.
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Pilot study:

A pilot study of five patients will be performed, if there is no change to the data sheet/ protocol

these patients will be included in the final data.

Data analysis:

The Department of Biostatistics (UFS) will assist the researcher with the analysis of data.

Continuous variables will be summarised by means, standard deviations or medians and

percentiles. Categorical variables will be summarised by frequencies and percentages. Differences

between groups will be evaluated using appropiate statistical tests and confidence intervals for

unpaired data.

Outcomes:

- To better understand the epidemilogy of TTP in South Africa

- To use this study towards the research component (NAMB) of the degree, Mmed (Internal

Medicine)

- To present the data at the UFS Faculty Forum in 2019

- To publish the findings in a peer reviewed journal or at a local or international congress.

Time schedule (for short and medium term outcomes):

Outcome Time frame Responsibility
Protocol submission February 2018 Researcher
Second submission March 2018 Researcher
Ethics evaluation April 2018 Ethics committee

Data collection

June to August 2018

Researcher

Data analysis

October 2018

Researcher and biostatistics

Protocol amendment

September 2018

Researchers
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Time implications for implementation of protocol:

Task Person responsible. Anticipated time to complete
Data collection Researcher. This can be done out of work 2 months
hours. Should not affect work flow.
Data analysis Researcher. This can be done out of work 1 month
hours. Should not affect work flow.
Budget:
All costs will be covered by the researcher.
Item Number Cost Total cost
Printing of data sheets 100 R 1.00 R 100.00
Stationery 5 R 35.00 R 175.00
Language editing 20 pages R 100.00 R 2000.00
Total cost: R 2775.00

Ethical considerations:

The protocol will be submitted to the Health Sciences Research Ethics Committee of the University

of the Free State for their consideration and approval. A unique study number will be allocated to

each participant to ensure confidentiality.

The protocol will also be submitted to the Western Province Blood Transfusion Service as well as

the South African National Blood Bank Ethics Committees for their approval as the data will be

obtained from their data bases for request of information on the patients given FFP over the time

period 2010- 2017 at Universitas Hospital for the indication of TTP and other microangiopathic

haemolytic anaemias.

References
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Data Sheet

Study site:

Study number:

Characteristics

Age

Gender

Date of first plasma product ordered

Date of last plasma product ordered

Blood Group

Name of Hospital

Province

Diagnosis

HIV status:

* CD4 count

e Viralload

* Treatment commencement date

Other co-morbidities

Symptoms:

* Dyspnoea
*  Fatigue

*  Petechiae
* Bleeding
*  Confusion
*  Other

Parameters at diagnosis

Platelets

LDH

Haemoglobin

Creatinine

ADAMTS13 level

ADAMTS13 antibodies

Haptoglobin

% Fragmentation

Coombs

Troponin T

CKws

Treatment

Treatment option:

Plasma exchange

Plasma infusion without PEX

Total number of plasma product used

Fresh Frozen Plasma

units

Cryo-poor plasma units

Total number of other blood products

Red cell concentrate

units

Platelets units

Additional blood products used

Additional therapies used:

Steroids: Dose

Rituximab: Dose

Treatment complications (plasma products)

e TRALI
e TACO
e other
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Outcome (may have 2 options)
* Discharged
e ICU
* Died
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GUIDE FOR AUTHORS

INTRODUCTION

INTRODUCTION

Transfusion and Apheresis Science brings comprehensive and up-to-date information to physicians
and health care professionals involved in the rapidly changing fields of transfusion medicine,
hemostasis and apheresis. The journal presents original articles relating to scientific and clinical
studies in the areas of immunohematology, transfusion practice, bleeding and thrombotic
disorders and both therapeutic and donor apheresis including hematopoietic stem cells. Topics
covered include the collection and processing of blood, compatibility testing and guidelines for the
use of blood products, as well as screening for and transmission of blood-borne diseases. All areas
of apheresis - therapeutic and collection - are also addressed. We would like to specifically encourage
allied health professionals in this area to submit manuscripts that relate to improved patient and
donor care, technical aspects and educational issues.

Several categories of manuscripts will be considered for publication.

Full Length Article are full-length research papers which have not been published previously, except
in a preliminary form. An Original paper usually does not exceed 3,000 words, longer papers may be
considered if relevant, limit of 50 references and no limit for figures and/or tables.

Review Articles should be submitted after prior consultation with an Editor. This paper should not
exceed 5,000 words but longer papers may be considered if relevant, limit of 100 references and no
limit for figures and/or tables.

Case Reports include an abstract; they should not exceed 1,200 words, a maximum of 10 references
and an optional 1-2 figures and/or tables.

Letters-to-the-Editor are contributions which should be concerned with matters of opinion on
contributions published in the journal and other matters of interest to researchers in our field.(1,500
words)

Submissions of Full length articles, review articles, case reports and letters to the editor should be
submitted using the online submission system: https://ees.elsevier.com/trasci/default.asp

Themed Issue contributions which publish a series of papers focusing on a particular themed topic
are managed by Dr Rock, co-Editor in Chief. Themed Issues are often commissioned, however if you
have a topic suggestion please liaise with Dr Rock. All Themed papers are submitted via email directly
to Dr Rock at: cag@cagcanada.ca Regular articles can be submitted via the online submission site is
https://ees.elsevier.com/trasci/default.asp.

Submiccion checklict
SUDMISSION CNecCKIIsSt

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

« All figures (include relevant captions)

* All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'
» All references mentioned in the Reference List are cited in the text, and vice versa
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¢ Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

Cover Letter
Please explain to the Editor in your cover letter the significance and novelty of the work, its importance
and why it is of interest to readers of the Journal.

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Work on human beings that is submitted to Transfusion and Apheresis Science should comply with the
principles laid down in the Declaration of Helsinki; Recommendations guiding physicians in biomedical
research involving human subjects. Adopted by the 18th World Medical Assembly, Helsinki, Finland,
June 1964, amended by the 29th World Medical Assembly, Tokyo, Japan, October 1975, the 35th
World Medical Assembly, Venice, Italy, October 1983, and the 41st World Medical Assembly, Hong
Kong, September 1989. The manuscript should contain a statement that the work has been approved
by the appropriate ethical committees related to the institution(s) in which it was performed and that
subjects gave informed consent to the work. Studies involving experiments with animals must state
that their care was in accordance with institution guidelines. Patients' and volunteers' names, initials,
and hospital numbers should not be used.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see '"Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
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English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson’ instead of 'chairman' and 'flight attendant’ instead of 'stewardess').

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.
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Randomised controlled trials

All randomised controlled trials submitted for publication in Transfusion and Apheresis Science
should include a completed Consolidated Standards of Reporting Trials (CONSORT) flow chart. Please
refer to the CONSORT statement website at http://www.consort-statement.org for more information
Transfusion and Apheresis Science has adopted the proposal from the International Committee of
Medical Journal Editors (ICMJE) which require, as a condition of consideration for publication of clinical
trials, registration in a public trials registry. Trials must register at or before the onset of patient
enrolment. The clinical trial registration number should be included at the end of the abstract of the
article. For this purpose, a clinical trial is defined as any research study that prospectively assigns
human participants or groups of humans to one or more health-related interventions to evaluate the
effects of health outcomes. Health-related interventions include any intervention used to modify a
biomedical or health-related outcome (for example drugs, surgical procedures, devices, behavioural
treatments, dietary interventions, and process-of-care changes). Health outcomes include any
biomedical or health-related measures obtained in patients or participants, including pharmacokinetic
measures and adverse events. Purely observational studies (those in which the assignment of the
medical intervention is not at the discretion of the investigator) will not require registration. Further
information can be found at www.icmje.org.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page for more information.
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Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://ees.elsevier.com/trasci/default.asp.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

This should give the reasons for doing the work. The Introduction should preferably conclude with a
final paragraph stating concisely and clearly the Aims and Objectives of the investigation.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

A full technical description of a method should be given in detail only when the method is new.

Results
Results should be clear and concise.

This need only report results of representative experiments illustrated by Tables and Figures. Use
well-known statistical tests in preference to obscure ones. Consult a statistician or a statistics text
for detailed advice.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

This section must not recapitulate results but should relate the authors' experiments to other work
and give their conclusions, which may be given in a subsection headed Conclusions.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
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The abstract should be clear, descriptive and not longer than 250 words.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

1. Formulae should be typewritten, if possible. Leave ample space around the formulae.

2. Subscripts and superscripts should be clear.

3. Greek letters and other non-Roman or handwritten symbols should be explained in the margin
where they are first used. Take special care to show clearly the difference between zero (0) and the
letter O, and between one (1) and the letter I.

4. Give the meaning of all symbols immediately after the equation in which they are first used.

5. For simple fractions use the solidus (/) instead of a horizontal line.

6. Equations should be numbered serially at the right-hand side in parentheses. In general only
equations explicitly referred to in the text need be numbered.

7. The use of fractional powers instead of root signs is recommended. Also powers of e are often
more conveniently denoted by exp.

8. Levels of statistical significance which can be mentioned without further explanation are * P <0.05,
* %P <0.01 and * * * P <0.001.

9. In chemical formulae, valence of ions should be given as, e.g., Ca2+, not as Ca++.

10. Isotope numbers should precede the symbols, e.g., 180.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.
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Footnotes should only be used to provide addresses of authors or to provide explanations essential
to the understanding of Tables.

Artwork

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

1. Authors should take notice of the limitations set by the size and lay-out of the journal. Large tables
should be avoided. Reversing columns and rows will often reduce the dimensions of a table.

2. If many data are to be presented, an attempt should be made to divide them over two or more
tables.

3. Drawn tables, from which blocks need to be made, should not be folded.

4. Tables should be numbered according to their sequence in the text. The text should include
references to all tables.
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5. Each table should be typewritten on a separate page of the manuscript. Tables should never be
included in the text.

6. Tables and their footnotes should be typed using a readable uniform font of the same size as that
used in the text. Each text should have a brief and self-explanatory title.

7. Column headings should be brief, but sufficiently explanatory. Standard abbreviations of units of
measurement should be added between parentheses.

8. Vertical lines should not be used to separate columns. Leave some extra space between the columns
instead.

9. Any explanation essential to the understanding of the table should be given as a footnote at the
bottom of the table.

10. Zero results must be represented by 0 and no determination by ND; the dash sign (-) is ambiguous.
Report data in such a way that readers can assess the degree of experimental variation and estimate
the variability or precision of the findings. Use the standard deviation SD and the mean to summarise
data and to show the variability among individuals. Use the standard error of the mean SEM to show
the precision of the sample mean. Always state the number of measurements on which means are
based. In tables and figures use asterisks to indicate probability values (P). In footnotes or text show
the degree of significance of P, e.g. P <0.05* .

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication and a copy of the title page of the relevant article must be submitted.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
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the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/transfusion-and-apheresis-science

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009, p. 281-304.
Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK, http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 [accessed 13 March 2003].

Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform Requirements for
Manuscripts submitted to Biomedical Journals' (J Am Med Assoc 1997;277:927-34) (see also Samples
of Formatted References).

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.
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Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

SI units should be used, but authors may include conversions for unfamiliar units (1 bar=0.1 MPa).
Do not include periods. Note the following conventions: e.g. not eg., rev min-1 not rpm, mg kg-1 or
I-1 not ppm, 1 bar equals 0.1 MPa, round off units to eliminate unnecessary decimal places, e.g. 124
mu not 0.124 mm (note space between number and unit), | not L for litre, kg not Kg, s not sec, min
not mins, h not hr, d for day, y not yr, 25 t ha-1 not 25 tonnes/ha, 3 mg cm-3 not three mg per cubic
cm, 23¢C and 23%(no spaces), (Keating et al., 1996) not (Keating et al., 1996), al. is an abbreviation
of alii (others - Latin). Molar concentrations should appear in small caps.
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