Chapter 5

Economic aspects of blood supply and consumption

The previous chapter provided an introduction to the field of haematology that looked at, amongst other things, how the different blood products currently available can be used to treat patients suffering from a diverse range of medical problems. Two important questions not asked were: firstly, are these products efficiently utilised by medical practitioners?, and second, what are the costs of acquiring the basic raw materials, namely blood and its components, from human donors? When the use of blood as a medical tool was still in its early stage and limited to only a few applications, the manner in which blood supplies were collected and used was deemed of minor importance relative to the greater concern of perfecting transfusion safety. As a result, no formal guidelines with respect to these matters were adopted, so that the different ad hoc approaches that were initially used to collect blood, over time, became entrenched policies. However, once transfusions became part of mainstream medicine, the situation slowly changed, as the difficulties that were encountered when trying to meet rising blood demand meant that the efficient use of that which was available was to become a top priority.

In this chapter, we examine several issues that deal with the collection and subsequent utilisation of blood, with particular emphasis being placed on the efficiency aspects thereof. In the first section, we shall work at the micro level, by looking at the basic characteristics of individual blood donors, as well as the various incentives (or disincentives) they may have to deal with when confronting the decision of whether to give blood. In the second section, we move on to the macro level, by looking at how blood banks throughout the world operate, while in section 3 we examine in some detail the history, organisation and nature of blood donation in South Africa. In section 4, we look at the highly contentious topic of blood waste, as well as look at some highly unconventional means of reusing blood, before concluding, in section 5, with a review of the different blood substitutes that are currently under development or provisionally available for use.

5.1 Characteristics and motivations of blood donors

To be eligible to donate blood, potential donors must meet certain basic criteria before they can be considered for membership by a blood bank. Firstly, in many countries they need to be older than 17 (16 years in South Africa
), not only to meet the legal requirement of being aware of what they are doing, but also to ensure that they have passed the main phase of adolescence, when the iron requirements of the body are greatest. With some exceptions for long standing donors, people who exceed an upper age limit of about 60 years are also barred from donating, as there is a risk that drawing blood from them may result in medical complications. Donors are also monitored according to their frequency of donation, with whole blood donations only being permitted every 56 days, whereas admittance to plasmapheresis sessions is allowed to take place about every 7 days
. These intervals, which are imposed in order to guarantee donor safety, are minimum periods only, since prospective donors may be turned away should their haemoglobin levels be below a minimum safety level
. While there is no explicit discrimination according to gender, a greater proportion of donors are men, in part because many women, especially those of childbearing age, suffer from iron deficiencies that limit their haemoglobin levels, which may result in them being unable to tolerate frequent donations. Finally, donors must have a minimum body mass, which varies according to the type of component donated, from 50 kilograms for whole blood
 to 55kg for platelet donations. These qualifying weight limits are imposed in order to ensure that the quantity of blood extracted from their bodies, which is about 450 ml, does not have any excessively undesirable effects on their bodies
.

If they meet these basic requirements, potential donors are then invited confidentially to review a self-exclusion questionnaire that allows them to determine whether or not they suffer from what are coyly known as “high risk” lifestyle factors. Should they (or their sexual partners) happen to fall into one or more of these categories, there is a risk that their donation may be prejudicial to the well being of a blood recipient, and so they are prohibited from donating. While slight variations in admission criteria exist between different blood banks, the main excluding factors commonly applied to all potential blood donors are similar. Summarised below in Table 5.1 are the factors taken into consideration by the SABTS.

Table 5.1 Exclusions commonly applied to blood donors

	Major excluding factors (applicable to both the donation applicant and his/her sexual partner):

1. In the past six months, the applicant has had more than one sexual partner or engaged in casual sex.

2. In the past six months, the applicant has had sex with a person whose sexual history is unknown.

3. In the past twelve months, has the applicant been a victim of a sexual assault.

4. If the applicant is male, has he had sex with another male in the past five years
.

5. In the past five years, has the applicant had sex with a prostitute of either gender, or engaged in sexual      activities with another person in return for money, drugs or other tangible or non-tangible favours.

6. Has the applicant ever received an intravenous injection of a non-prescribed drug. 

7. Has the applicant ever been accidentally exposed to blood or other bodily fluids.

8. Has the applicant ever had a sexually transmitted disease, such as syphilis and gonorrhoea.

9. Has the applicant ever had a positive test result for HIV.

	Minor excluding factors
:

1. Has the applicant ever had, amongst others, disease of organs such as the heart, lung, liver and kidneys, tuberculosis, cancer, HTLV-1, HTLV-2, or Chagas disease
. 

2. Has the applicant ever had hepatitis or recently been in contact with a hepatitis patient.

3. In the past twelve months, has the applicant, or sexual partner, been treated with any blood based product.

4. In the past twelve months, has the applicant had any form of ornamental piercing performed upon their bodies, tattooing, acupuncture, needlestick injury, or been scarred or stabbed with a sharp object.

5. Has the applicant received a tissue/organ transplant or been treated with human sourced products.  

6. If the applicant is female, is she currently pregnant or has she given birth or miscarried very recently
. 

7. Has the applicant or any close relative had an unexplained brain disease or CJD

8. Has the applicant ever had malaria, or, in the recent past, lived in a malaria area. 


Once these formalities are performed, the actual drawing of blood from the donor takes place, with the entire process being a relatively simple affair that is completed within about 20 minutes for whole blood donations, although the collection of plasma and platelets can take considerably longer. After the blood has been collected, it is then refrigerated and transported to the blood bank laboratory, where it is screened for disease, typed to blood group and subjected to quality control tests before being processed into the final product destined for human consumption.

There are a variety of different factors that may motivate people to come forward and donate their blood for transfusion. While almost all blood donors can be said to give voluntarily, they may be recruited in very different settings, where their incentives to donate may not be the same as those of other people, In addition, they may have different values which underlie their perceptions of altruism in general, and blood donation in particular. What follows is a modified typology of the main characteristics and motives of the various classes of blood donor as defined by Titmuss.

i) Paid blood donors

According to the American Food and Drug Administration (FDA), a paid blood donor is  “any person who receives monetary payment for a blood donation”
. Due to the visible, contractual exchange of money, it can be implied that such a person regards the paid giving of blood to have about the same moral value as any other market based activity that requires the use of his time and labour
. In other words, to him, the drawing of blood is simply an impersonal transaction conducted for personal gain, with the price of his blood being determined by the market value for whatever he can offer (with different prices being offered for whole blood, plasma, rare blood types, etc.). As Titmuss said about the blood provided by such donors: “in no sense is it perceived by the seller or the buyer as a gift”
- while this may be true, to the blood recipient, it is largely a moot point if all that he is interested in is the fact that this blood is available when he needs it to save his life, not in who gave it or how it was acquired.

When referring to paid donation, we must be careful to clarify what is meant by this term, as there are different categories of people who sell their blood for direct financial gain. The first type are “professional” blood donors, who may be registered with one or more collection agencies on a permanent or part-time basis, with plasma suppliers who are “milked” via plasmapheresis on a regular basis forming a key element of this group. In return for donating regularly, they may be compensated on a weekly or monthly basis where, in addition to financial payments, they may also receive medical supplements to ensure that they can continue donating. The second group are “amateur”, or “walk-in”, donors, who donate blood on an irregular basis, primarily as a means of supplementing their income. These people are more difficult for blood banks to deal with, since their random donating pattern means that their behaviour is harder to monitor, plus they have less of an incentive to remain healthy than the professionals, for whom maintaining a reputation of having “good” blood is vital if they are to continue having a working relationship with the blood banks. Finally, we have the “paid induced voluntary donors”
, who receive cash payments for their donations, even though they claim not to be motivated by monetary concerns when donating. While such donors may have given their blood as unpaid donors in any case, they nevertheless expect to be compensated financially for the inconvenience and incidental costs they may incur when giving, such as recouping their transportation expenses. While the distinction between this final type of paid donor and the unpaid volunteer is slight, it could be implied that such a person is only a grudging altruist who does not give his time and blood in a spontaneous manner, but instead needs to be induced to do so.

ii) Replacement and credit donors

According to the policies of some blood banks, patients who receive a blood transfusion may be charged a “replacement” or “deposit” fee if they have not previously donated blood to it. This means that on receipt of a hefty money deposit, they are provided with a “loan” of blood by the blood bank on condition that they repay this loan at a later date. Patients then have the option of either not repaying the loan by forfeiting the deposit lodged with the blood bank, or of replacing the transfused blood with donations made by themselves, or by friends, family members or others who have “voluntarily” agreed to assist them (in which case the deposit is reimbursed). People finding themselves paying off these replacement charges cannot really be defined as being altruistic if they are forced to provide blood, especially in cases where their replacement charges exceed the quantity of blood they may have consumed
. Moreover, while it could be argued that imposing a replacement policy on a blood recipient may be an acceptable policy, the situation is not so valid when applied to friends or family members, who engage in what is now known as “directed donation”. This is because in addition to having no part in the act of blood consumption, they may find themselves being drafted in to honour the debt of an acquaintance even if this is against their wishes (because, for example, they may wish to maintain the fact that they have a particular disease a secret from others).

To forestall the potential difficulties of having to repay blood loans, some individuals join programmes where they can pre-donate blood to a blood bank. Once a specific quantity of blood has been donated, they will be given credit indemnifying them from having to repay any blood loans, which effectively means that they have been covered by a form of insurance policy where premiums and coverage are measured in units of blood. Such donors are believed to favour what is known as an individual responsibility philosophy, which advocates that, given the opportunity and the ability, it is the responsibility of each person to provide for his or her own needs without depending on the goodwill of others. As such, these donors are not driven by a direct altruistic desire to help others when they donate their blood, since their actions are intended solely for their own personal benefit. Indirectly though, they are involved in the provision of a public good, for although their donations are intended for their own use, they may provide a benefit to others sometime in the future, as it is unlikely that they will actually use that which they have donated
.

iii) Captive voluntary donors

These are people placed in a subordinate position in a power relationship, who may face some form of pressure, exerted by peers or superiors, which makes them feel obliged to donate blood. If they do not do so, they fear exposure to penalties of different types that may, somehow, hamper their progress with those with whom they are associated.

Various groups of people fall into this particular category, including members of the armed forces, who often constitute a large, concentrated pool of young and healthy individuals. While soldiers may not be explicitly ordered to give blood, they may nonetheless feel compelled to do so if they feel that they have a particular duty not to disappoint their comrades, with whom they may have formed a strong bond. A similar attitude exists in many firms, where different branches may compete with each other to see which one can collect the most blood – here, losing groups that fail to meet their targets may feel a sense of shame at not meeting expectations. Although they may not wish to give blood, workers in these groups may feel obliged to do so if they believe that refusing to give could hamper their career prospects, while knowing that donating could have the opposite effect. In this case, donation does not take place due to altruism, but because the donor believes that some private benefit can be acquired in the workplace
.

Similarly, members of religious organisations may donate blood if they believe this is a charitable obligation that needs to be fulfilled. In this case, they may simply be acting according to the religious justification for altruism. While no religious body has yet been charged with arguing that any of its followers will be eternally damned to Hell if they do not donate blood, some do feel that donations sessions can be celebrated as occasions of solidarity, where members of the same faith can express fellowship with like-minded individuals. At such events, parishioners who are capable of donating, but who do not do so, may be viewed as being lacking in complete faith, and may consequently be shunned by the rest of the congregation. More generally, such social pressure can be extended to members of societies, country clubs, and other groups where people gather and are observed by peers. In order to avoid any social stigma, individuals may feel obliged to donate blood even if they do not want to, with other potential ways of expressing their altruism, such as giving monetary donations, being seen as an evasion of their duties.

One interesting group of captive volunteers that existed in the USA was that of prisoners, who gave blood in correctional facilities. Although most prison boards officially denied that such activities would lead to the remission of sentences, it is not inconceivable that prisoners donated if they privately believed that this would reflect favourably on their records. Thus, their donations were not truly altruistic, as they were aware that such actions could indicate to parole boards that they had been rehabilitated, and were, therefore, suitable for early release from prison
.

iv) Fringe benefit donors

These are volunteers who donate blood after being induced to do so by the prospect of receiving tangible, non-monetary rewards for their efforts. While such rewards are usually believed to consist of minor tokens such as caps, key rings or post-donation refreshments, they can be substantially more generous than this. For example, they can include the provision of extended holidays and better quality meals that are not medically necessary for the well being of the donor, as well as allowing employees time off work on full pay if they donate. Other benefits that have been provided, and which have been successful in drawing in donors have included the provision of vitamin and mineral supplements, as well as mini-medical examinations such as cholesterol and blood group tests
. When converted into their monetary equivalents, some of the perks given to these so called altruistic donors may have a value considerably greater than any cash compensation that they may have received had they simply been paid upfront for their blood. This is particularly relevant if we consider that society may not account for all the costs involved in the collection of blood from such donors – while a blood bank that collects “free” donations from the workers of a firm may not have to pay these workers anything, the employer may incur costs in permitting workers to donate, through the provision of inducements and decreased productivity, with such costs being passed on eventually to consumers and shareholders.

v) Unpaid voluntary donors

The definition of an unpaid donor who voluntarily donates blood due to a sense of altruism can be superbly summarized by the following definition provided by the VIIIth General Assembly of the International Federation of Red Cross and Red Crescent Societies:

“Voluntary non-remunerated blood donors are persons who give blood, plasma or other blood components of their own free will and receive no payment for it, either in the form of cash, or in kind which could be considered a substitute for money. This includes time off work, other than reasonably needed for the donation and travel. Small tokens, refreshments and reimbursements of direct travel costs are compatible with voluntary, non-remunerated donation”
.

Voluntary donors are believed to give consciously as an act of free will, without being driven to do so by the threat of monetary, social or professional penalties. A popular opinion is that they give in a disinterested way (unlike paid donors), without regard to the racial, social, demographic or financial characteristics of the people who receive their anonymous grants. While it may be true that these donors do not receive any payment for their contributions, it would be wrong to say that they do not benefit in subtle ways that may be hard to quantify in a tangible, material sense. In particular, they may receive some psychic, or Kantian, benefit from knowing that they have done a deed that will have a significant, direct impact upon the life of an unknown stranger elsewhere in the community. Donating blood therefore helps people feel special about themselves, with one study finding that for a donor, “giving may provide emotional gratification, making one feel heroic, and thus heightening self esteem”
 – this is hardly a sign of receiving no utility boost. Furthermore, we should question why blood banks provide donors with tokens such as T-shirts and bumper stickers that publicly identify them as donors. While such materials may admittedly have a promotional value, could they also not enable donors to gain additional psychic benefits from knowing, in their minds, that others are more likely to admire them as heroes?

Having examined the basic reasons that motivate donors to give blood, it would also be appropriate to consider some of the more important explanations for why most people do not donate blood. Although it may be possible to educate the public further as to the benefits of donation, there are some cases where it will be almost impossible to make individuals change their minds, unless their awareness and incentives with respect to donation are fundamentally changed. When evaluating non-donation, the most important factors to be assessed are as follows:

i) Religious objections and superstitious beliefs

Various religious groups believe that the drawing of blood is a sacrilegious act violating the basic tenets of their faith. While the best-known group to hold such a view is that of the Jehovah’s Witnesses, who argue that Biblical tracts rule out both the receipt and donation of blood or any other human matter
, others who share similar objections include certain Buddhist and Islamic sects. There are also many individuals who follow a range of traditional superstitions that blood donation causes the loss of a vital life force, whose loss can cause, amongst other things, impotence, infertility, blindness, or the inability to work. Although these beliefs may appear irrational to outsiders, it is often hard to convince believers to ignore them, especially if they form a fundamental part of their convictions about the basic nature of life.

ii) Psychological fears

Many people avoid donating blood if they feel squeamish at the sight of blood, have a phobia about medical instruments such as needles, or associate donation with physical sensations of pain and weakness. Such anxieties are not limited to non-donors though, as even actual donors express similar fears, even though they have largely managed to overcome them by donating. While these fears may seem ill-founded and exaggerated, anecdotal evidence suggests that most donors do indeed experience higher physiological levels, such as faster heartbeat rates, before rather than during a donation session, with these measures of fear and discomfort gradually decreasing as the frequency of donation rises (although they are never fully eliminated).

While these fears may be overcome by showing potential donors that the degree of pain is minimal and by concealing needles and blood from the donor’s line of sight (e.g. through the use of screens), of greater concern are the unsubstantiated fears that giving blood can allow donors to contract diseases, in particular HIV. In the early years following the discovery of this disease, an extensive public education programme was instituted to inform blood donors about the relevant risks of their donating activities and of the efforts that were aimed at protecting their well-being. Despite the best efforts of the authorities, it appears that while most actual donors were satisfied that their fears were unfounded, some were not convinced and have avoided calls to attend further donation sessions. Furthermore, many potential donors also seem sceptical about the assurances sent to them, and have, it seems, continued to stay away. As has always been the case with items as symbolic and emotive as blood, it appears that misconception and rumour has prevailed over clarity and fact, with blood banks not being helped by the mixed signals that are sometimes sent out on this particular issue by government and other organisations (as seen in the latest AIDS controversy in South Africa).

iii) Adverse reactions and deferrals

Many people who have actually donated blood may not return for subsequent donation sessions if they have either suffered from some adverse reaction directly attributable to the act of giving blood, or if they feel that a blood bank and its staff treated them improperly.

While blood banks do everything possible to ensure that the incidence of donation induced reactions such as cold chills and toxic exposure are minimised, these are sometimes unavoidable, with their incidence being greater with some procedures than with others. For example, while whole blood donors rarely suffer significant discomfort, up to 10% of platelet donors will face some problem after donating, due largely to exposure to the chemical solutions that enable apheresis to take place
. In such events, where donors do suffer pain, it is likely that they may reconsider donating in future, with the likelihood of such a decision being greater if the reactions experienced were particularly intense or if the donors were relatively inexperienced.

A fundamental point that may be overlooked, especially by blood banks, is that while people may voluntarily enter into a blood donation programme, there are limits to the way in which they may agree to be treated. While not everyone can be pleased at the same time, this is a point worth noting, because when policies emphasising the safety of recipients are introduced, they may work only at the expense of long-term donor loyalty
. As the number of risk categories and screening tests for disease has risen, so the number of donors (both actual and potential) who are now disqualified from donating by the newly imposed criteria increases. While some of those newly excluded donors may undoubtedly pose bad risks, many others may be healthy and have, at worst, suffered only from repeated false positives on tests that are not always absolutely reliable. In such a situation, even if the screening tests are proven to be faulty and are changed, a large percentage of these people are likely to be so distressed at their treatment that they may no longer feel like reapplying to donate in future because of the implicit doubts expressed as to their worthiness as blood donors. While this statement may appear to be exaggerated, we should note that in the USA, a defectively designed hepatitis test that excluded tens of thousands of healthy individuals from donating might have led to the loss of a large potential donor pool
. Even after the fault was identified and rectified, many of these people were unlikely to contemplate returning for a re-evaluation of their suitability as donors due to the initial doubts expressed about their fitness.

iv) Apathy and inconvenience

Many people undoubtedly do not donate blood because they simply do not feel inclined to do so, as they may receive no utility whatsoever from such an act, even if they were to be paid to give their blood. This should not be unexpected, as the very essence of gift-giving is that it is the right of every individual to determine whether or not a gift is to be given, and, if it is to be given, the particular form in which it is to be composed. Thus, such behaviour should not be interpreted as meaning that a non-donor is always apathetic and not an altruist, as he or she may indeed have a desire to help a blood bank, except in a way which does not entail the drawing of blood (such as donating money).

Other people do not give blood due to a lack of opportunity, either because the times or location within which they are requested to donate are inconvenient to them. This is especially common during the week, when many people are at their places of employment or study, which may either be located some distance away from their nearest donation centre, or may be operating during business hours, when personal freedom is limited. While blood banks have succeeded in opening some fixed centres over the weekends, and in sending mobile clinics to suitable venues, such as factories and schools at specified times, these measures are obviously not perfect. This is since not only may some potential donors be mentally or physically unprepared to donate at the specific times when these mobile clinics appear, but efficiency measures dictate that mobile clinics and their required staff can go only to where sufficiently large numbers of donors are available, leaving the blood resources of smaller, dispersed organisations largely untapped. Furthermore, economic trends such as corporate downsizing and home based work may have also had some effect on blood collection, since many workers who could previously be “captured” with relative ease have now been dispersed, with only truly dedicated donors making any effort to continue giving blood. Thus, as the pace of modern life has become more hectic, so people have had to readjust their schedules in order to accommodate the changing priorities in their lives, with blood banks having only limited success in promoting what is essentially a time consuming activity in a world that is increasingly centred on fast paced activities providing instant gratification.

Finally, while much time, money and effort has been spent on advertising the fact that blood is an important substance that is always in demand, it is likely that there may still be many people who remain ignorant of the pressing needs of blood banks. This is most likely to arise with people residing in rural areas, with possible reasons including a greater prevalence of illiteracy, a less comprehensive degree of media exposure relative to people living in highly concentrated urban areas, and an inappropriate manner of putting the message across (such as not using the local vernacular or understandable terms in their media campaigns). Even when rural people are aware about blood donation, they may have difficulties in reaching a donation centre, since the low population density and significant distances involved mean that setting up collection points in minor towns may not be justifiable relative to the quantity of blood collected.

Having covered the various factors that can influence people in their donation decisions, we can now move on to see what effect the behaviour of individual people has had in an aggregate sense on the structure and work of blood collection systems in different countries.

5.2 Blood donation policies around the world

In one of the few articles to comprehensively calculate global blood collection, it was estimated that in the early 1980s, about 75 million units of blood were collected worldwide per annum
. Since then, updated statistics have been elusive to uncover, with factors such as political changes, poor record keeping and statistical difficulties preventing the compilation of data. However, if we use the reasonable assumption that blood collection has increased at about the same rate as that of world population growth, then it could be safely stated that at present, the total quantity of blood collected annually exceeds the 100 million unit level.

What this figure does not reveal is that like most economic indicators, there is a vast discrepancy in the international distribution of blood donations, with about 78% of all blood being collected in the developed world, even though less than 20% of the global population lives there
. In addition, there are major variations in the way that this blood is collected, for while voluntary unpaid donation is the norm in most developed states, the same can be said to occur for only about 15% of developing (middle income) countries and about 7% of lesser developed states
 (who depend instead on other approaches, such as paid donation, to acquire blood). Despite these differences, a common problem throughout the world is that very few countries have been able to become self sufficient when it comes to reconciling domestic blood usage with local collection efforts. Consequently, they have had to either endure some degree of shortage with their domestic stocks, or else they have had to import blood, with a system of international trade in blood products developing as a result.

In the synopsis that follows, we look at how blood is supplied in different parts of the world, with commentary being provided on issues that may be of interest, in particular, on the applicable HIV situation in each area, as this has been the topic of greatest concern in the past two decades.

i) The United States

The largest single market in the world for blood products is the USA, where the responsibility for collecting blood lies primarily in the hands of thousands of community blood banks
. Most of these blood banks, which operate along non-profit lines, are affiliated to various national organisations, of which the most prominent are the American Association of Blood Banks (AABB), the American Red Cross (ARC) and Americas Blood Centers (ABC). While these national bodies do not usually collect blood themselves, they can, through the pooling of resources, offer a selection of specialist services to their members that would otherwise not be available. These range from lobbying legislators to pass laws that are in their interests to operating registries of donors with rare blood types and serving as clearinghouses for the transfer of blood between different banks should some have major imbalances in their incoming and outgoing blood supplies.

As an examination of the discussion in Titmuss’ book reveals, getting an accurate estimate of the total quantity of blood collected and used in the USA during the 1960s was a tricky task, as there were many conflicting statistics available on this topic
. The situation has improved only slightly since then. This is because while some blood banks do not report their acquisition figures at all, others can belong to more than one national organisation at a time, leading to the possibility of double counting when examining how much blood each organisation claims that its members collect. Nevertheless, a reasonable estimate is that in 1999, about 8 million donors donated approximately 12 million units of whole blood, which was subsequently processed into about 23 million units of different blood products for use by about 4 million recipients
.

In addition to these blood supplies, which are obtained from unpaid donors by the non-profit blood banks, there is also a substantial quantity of unaudited blood that is collected from paid donors by commercial blood banks, some of which are subsidiaries of pharmaceutical firms. This is because the USA, unlike many other nations, has no uniform laws that prohibit the acquisition of blood from donors who receive payment for their time and effort, with each state having separate policies on the issue. While whole blood obtained from such a source is allowed by the FDA to be used on patients, provided it is appropriately marked as being from “paid” donors, in recent years, commercial banks have tended not to collect such blood, preferring to leave this sector of the industry to the community banks. Instead, they have shifted their focus of operations on to the collection of components, such as plasma, where they can exploit economies of scale in order to efficiently produce products such as factor VIII concentrate at a relatively low price. As a result, these commercial firms have been able to corner a large share of the world market in such products, and have even been able to conclude sales in those countries where blood donation is limited to only unpaid, volunteers.

Despite playing a leading role in blood collection and use, the USA has been beset with several problems in this field, with one of the worst experiences being related to the HIV epidemic. Since the early 1980s, over 12,000 Americans, most of whom were haemophiliacs, have been infected with HIV obtained from infected blood products, of which over 10,000 have already died
. While this number is undoubtedly large in numerical terms, if we take into the context of the size of the American population and consider how prolifically blood is used in that country, then the numbers become relatively low. While various reasons could help to explain this relatively low incidence of infection, particular credit should go to the national health authorities who, despite the obfuscation of the Reagan administration on the HIV issue when it first appeared, were prompt in ensuring that all measures that could be taken to prevent the spread of this disease were implemented. While some of these measures were admittedly instituted against commercial blood banks that were not operating according to proper safety procedures, such as those that collected blood from prison donors, other steps, such as the rapid introduction of blood screening and better donor selection policies, were applied to all blood banks regardless of how or from whom they collected blood. As a result, the number of blood related HIV infections in the USA has become negligible, although sometimes they still happen, with several incidents being reported of tainted blood being given by, amongst others, “safe” volunteers belonging to the American Red Cross.

ii) The European Union

In the European Union, the collection of blood is managed mainly by NGOs, such as the Red Cross, or by the public health services run by national governments. While the provision of money or fringe benefits in exchange for blood was relatively common in many European states in the 1960s
, this practise has gradually fallen away, as blood banks have shifted towards unpaid donation. Various factors have precipitated this change, with one of the most important reasons being the fact that blood banks, like many other institutions, have been forced to standardise their procedures and standards to be compatible with those of other member states. In particular, they have been affected by Directive 89/831, passed by the European Parliament, which states:

“Member states shall take the necessary measures to promote community self sufficiency in human blood or human plasma. For this purpose, they shall encourage the voluntary unpaid donation of blood and plasma and shall take the necessary measures to develop the production and use of products derived from human blood or human plasma coming from voluntary unpaid donations.”

Despite having such impressive objectives, this piece of legislation has not been fully effective since, with the exception of some states such as Finland and the Netherlands, most European nations still have difficulties in meeting all their domestic blood requirements. Indeed, some countries that rely solely on unpaid donors, such as Ireland, have been forced to ration domestic blood consumption and import blood during periods of severe scarcity
. Furthermore, certain countries, including France and Ireland, have been beset by public scandals concerning the safety of donated blood. At the root of this crisis is the fact that European blood banks were extremely lax in responding to the spread of this disease, with the result being that by 1986, about 8,000 Europeans obtained HIV transmitted through contaminated blood products
. Particularly affected were the French, with about 3,000-4,000 such cases, who, despite being credited with first pinpointing HIV, were slow off the mark in introducing screening tests to detect this virus. Due to a combination of negligence, bureaucratic bungling, and political intrigue, the first (American designed) screening tests were only licensed in France about 6 months after gaining their FDA approval, at about the same time as the first local tests designed by the Pasteur Institute were introduced. As a result of this delay, many people who could otherwise have been saved during this crucial time period were infected with HIV. While compensation has been offered in some countries to victims of this disease, a significant degree of distrust of blood banks still remains, with the collection of blood being severely affected as a result of these incidents.

One major European country not to suffer from such a scandal has been Germany, which operates a dual system where the substantial annual volume of 50 unpaid units donated per 1,000 people is supplemented by blood purchased from paid donors
. In this country, most unpaid volunteers donate their blood in urban collection centres run by the German Red Cross, while the paid donors are employed mainly by community and university blood banks on a “call” basis, where they are called upon by their contracting blood bank to give blood whenever the need arises. The rate of remuneration of these donors depends on the type of product they can offer, with the applicable rates in the early 1990s being DM 39-50 for whole blood, DM 35 for plasmapheresis donations, and up to DM 120 for attendance at cytapheresis sessions
. The key to the success of this system is that all paid donors are required to meet high medical standards, with entrance to the donation programme being strictly enforced and donor health being constantly monitored to ensure that the safety of blood recipients is not compromised. As a result, it has been said that paid blood donors have, on average, higher health standards than their unpaid counterparts. It also shows that despite the opinions of Titmuss, countries that rely solely on altruistic donors will not necessarily have better run or inherently safer systems of blood collection than countries that allow for the payment of blood to take place. This is since the quality of management and the level of technological expertise available to blood banks can, more often than not, offset any weaknesses that may exist with the quality of the available donor pool
.

iii) United Kingdom

In the UK, blood is collected by a set of regional blood banks reporting to a governing authority known as the National Blood Transfusion Service (NBTS), which operates under the auspices of the National Health Service (NHS)
. Since its inception in the aftermath of World War II, the NBTS has always depended solely on the goodwill of unpaid donors to meet its requirements, with the volume collected in the period 1997-1998 exceeding 2.2 million units of blood
. According to admirers such as Titmuss, the NBTS had the features of an ideal blood collection system, since not only was the way that it collected blood thought to involve a morally superior philosophy, but it was also believed to have superior safety standards and operate with an incomparable degree of efficiency (as evidenced by apparently negligible blood waste and the non-reliance on paid donors). Even today, the apparent validity of such claims continues to be reflected in statements such as “we are nationally self sufficient in blood”
, and “from time to time … there may be a surplus of plasma … (which may be) offered abroad to those countries that are unable to meet their needs”
. With such convincing marketing and supporting statements, it is hardly surprising that many countries throughout the world were persuaded to organise their domestic blood banking systems along similar lines to those of the NBTS.

In truth, much of this rhetoric is misleading, as the arrival of HIV revealed several unpalatable truths about the true state of British blood banking, in particular, the degree of national blood self-sufficiency and the safety of domestic blood. While there may have been some validity in the claim by Titmuss that the UK was self reliant for its whole blood needs, the same cannot be said about specialized blood products such as plasma derivatives. This is since the UK was an importer of such products, some of which were obtained from overseas blood banks that used paid donors. While Titmuss conceded that there were “serious difficulties in the technical production of the appropriate blood products”
, he nevertheless glossed over this point by stating that “there is no shortage of blood”
 and “the problems … are in no way comparable to those … in the United States”
. An analysis of past British plasma supply and demand records allows us, with hindsight, to realize how inaccurate his claims were, leaving us to deduce that he was either unaware of the full extent of British dependence on imported blood, or he was guilty of misrepresenting the facts
. This is because as early as 1974, about one third of the factor VIII concentrate used per annum in the UK was imported from paid donors, with the corresponding figure rising steadily over time to stand at about two thirds of annual consumption by 1985
 –even then, the UK had one of the lowest rates of factor VIII usage in the developed world
.

While the NBTS always had its own plasma plants and had, from the late 1970s, undertaken to remedy this weakness by enhancing local plasma processing capacity, the efforts taken to become self-sufficient were to suffer from a series of problems that were to mar the reputation of this service. In addition to cost overruns during construction and budgetary shortcomings that made products from these facilities uncompetitive in cost terms relative to those of commercial suppliers, there were also serious clinical safety breaches where unlicensed products were produced in manufacturing facilities that were deemed to be below acceptable standards
. As a result, it was several years before these facilities could approach anything near an efficient level of operational ability, with the interim solution being to continue importing “paid” plasma until the situation was stabilized, with such blood coming from, inter alia, Mexico, Lesotho
 and the USA
. Along with problems concerning HIV, fears have also been expressed in the UK over the possible transmission via blood of Creutzfeld-Jakob disease. While such an issue was first raised in the late 1980s and early 1990, nothing was done as the transfusion authorities believed that this risk posed by this disease was only theoretical
. Recently though, this attitude has changed, with plasma provided by local donors no longer being used in the UK, with all plasma derived products being imported from countries with no cases of Creutzfeld-Jakob disease and a low incidence of BSE
. In such a situation, it would be impossible to state with absolute confidence that blood products not originally from paid donors were being used in the UK.

In addition, what was to be a major shock was the discovery that just because the UK relied on unpaid donors did not mean that blood recipients would be immune to HIV infection. As in other countries, the main blood related victims of HIV were haemophiliacs, with informal surveys showing that in 1983, up to 75% of sampled patients receiving support from haemophilia support centres were HIV positive
. While it was generally expected that imported American plasma products could come from contaminated pools, locally manufactured products were assumed to come from a “safe” pool, with commentators only gradually realizing that quite possibly, “the size of the pool of National Health Service concentrates has been increased to a point where the benefit conferred by the use of volunteer donor plasma might have been lost”
.

While the NBTS authorities were relatively prompt in ensuring that high risk donors, particularly homosexuals, were deferred from donating, in what must rank as one of their worst policy decisions ever, they were extremely lax in introducing routine tests to check donated blood for antibodies to HIV. While the FDA had granted approval for blood testing to commence in the USA from March 1985, in the UK, as in France, there was a half-year delay before the first standard screenings were introduced. This was even though Abbot Laboratories (makers of the first screening test) had actively solicited for the use of its product in the UK. The reason given for the delay was that the NBTS was unimpressed with the accuracy of the test on offer, for it was believed to provide a disproportionately high number of “false positive” results, thereby requiring an excessive amount of good, healthy blood to be destroyed. Frankly, this justification is not very acceptable, since if the test was deemed suitable for American use by the FDA, which was (and still is), the pre-eminent world authority on issues relating to the regulation of pharmaceutical products, then surely it should have been good enough in the UK too.

Furthermore, when dealing with something as dangerous as HIV, surely the better option for the NBTS would have been to adopt a risk averse approach and use the only test available, for at least a temporary period until better tests were available, rather than act like a risk taker and delay testing, thereby gambling with the lives of many blood recipients, who supposedly formed the heart of the system. Eventually, two other tests were introduced, of which one was developed, somewhat interestingly, by the Wellcome Foundation, which is now part of Glaxo SmithKline, one of the largest players in the global AIDS treatment industry. While there is no firm proof that the delay and ensuing test selection was attributable to commercial rather than scientific interests, questions have nonetheless been raised around the events of this period, especially since, unlike in France, no prosecutions were made or commissions of enquiry launched in the UK on this issue.

iv) Asia

In Asia, a general trend has been that as countries become wealthier, they have become able to radically overhaul all aspects of their healthcare systems, with one of the most popular changes involving a shift away from relying on paid donors in favour of unpaid collection systems.

The general evolution that has taken place in Asia can be demonstrated by looking at what happened in Japan as it prospered. While the first Japanese blood donors were probably unpaid volunteers, in the period following World War II, the emphasis of the national blood collection system had, with major American backing, switched decidedly to paid donation. By 1963, about 98% of all donated Japanese blood came from paid donors known as tako (octopuses), who came from poor backgrounds and, if it can be believed, would “… visit two commercial banks a day, selling 200 c.c. at each bank”
 in return for $1.40 per donation. In 1964, a decision was taken to switch solely to unpaid, voluntary blood donation, with the phasing out process starting in 1968 and being fully completed in 1973. The justification for this change was that the paid donor pool had an unjustifiably high prevalence of disease, with an estimated 50.9% of all Japanese patients acquiring post-transfusion hepatitis when using blood provided by paid donors. Following the changeover, the corresponding figure had fallen to 16.2%, with the incidence of infection being forced even lower to 14.3% of all recipients once HbsAg testing had been introduced
.

Another wealthy Asian country to fully adopt voluntary blood donation was Taiwan, which had, until the early 1980s, relied mainly on the services of paid blood donors. By 1992, with major state funding and support, the entire blood acquisition system had been overhauled, with almost all national blood needs being met by volunteer donors, who made up about 5.5% of the national population
. In contrast to this success story, one prosperous Asian state that has had difficulties in implementing a voluntary donation system has been South Korea, which has relied largely on imports of blood to meet its domestic needs. The flaw in this policy was demonstrated in the late 1990s, when the currency devaluations that took place meant that greater emphasis had to be placed on local, unpaid blood donation, since balance of payments difficulties meant that there were substantial problems in paying for blood imports
.

The general experience of the wealthier Asian states is in marked contrast to that of their poorer neighbours, who remain largely dependent on paid donation. Arguably one of the worst performing voluntary systems is that of the Philippines, where unpaid volunteers provide only 20% of national blood needs. While an audit revealed that up to 4% of all donated blood in this country is contaminated by disease, there is no option but to continue relying on commercial sources, as only 1 in 500 Filipinos gave blood. Furthermore, it has been stated that if purchased blood supplies were eliminated, then up to 8,500 people would face the prospect of death due to a shortage of the products they required 
.

Another poor country to experience major problems with unpaid donation has been India. Selling blood has long been seen as a way of making a living for people with a low socio-economic status, with some even attempting to form unions that would protect their members’ interests and guarantee a minimum “wage” for their donation services
. In the mid-1990s, the Indian Supreme Court ruled that in addition to ensuring that paid donation was phased out within 2 years, the Indian government would also have to ensure that all blood banks were licensed (as 25% operated illegally)
. These measures were demanded due to safety fears, as over half of all blood collected in India was not screened for HIV, with about 15% of all Indian HIV carriers being either blood donors or recipients. While a voluntary donation programme has been in operation for some time, with several regions being entirely reliant on unpaid donors
, the reputation of the non-profit blood banks has also been sullied by embarrassing scandals. Most prominent of these was the discovery that a blood bank aligned to the Indian Red Cross supplied HIV positive blood to several leading Bombay hospitals, while workers had stolen substandard blood supplies and sold them to third parties in order to supplement their incomes
. As a direct result of such corruption and inefficiency, the ability of the non-profit sector to provide safer, higher quality blood than the commercial banks has been questioned.

v) Africa

While blood donation and transfusion is practised in most African states, quality levels are often poor and do not compare favourably to the standards of more developed nations. Unlike most parts of the world, where there are relatively benign disease profiles, many African states face unique problems arising from medical and environmental conditions that hamper the work of the local health services. For example, life threatening anaemia, which can be caused by infections such as sickle cell disease and drug resistant malaria, is common across a large swathe of the continent, with blood transfusions often being used as a cheaper and more effective treatment option than costly, imported drugs. The primary flaw with such widespread reliance on transfusion is that much blood goes untested for the presence of disease, as restrictions imposed by a lack of financial resources mean that such tests are deemed to be widely unaffordable. Indeed, in some African states, the cost of screening one unit of donated blood exceeds the annual per capita budget allocation to health care, with one survey revealing that as late as 1993, 8 out of 29 responding African states still had no policies in place with respect to the screening of HIV
. As such, it is hardly surprising that diseases are easily spread, with the number of transfusion related HIV infections in Africa possibly having exceeded the one million-person level already.

Across the continent, a range of different approaches to the collection of blood exists. In many areas where formal donation infrastructure does not exist, a substantial portion of the blood collected is provided according to the lending and replacement system, where relatives and friends help ill patients to recover their blood costs. In many of these cases though, these people will not actually provide the required blood themselves, but will instead pay others to fulfil their obligations for them. In effect, this means that paid donation is a commonplace activity, even if in many instances it takes place in an indirect manner. While plans have been proposed to adopt voluntary, unpaid donation amongst a growing number of African states
, it is not yet clear whether sufficient financial resources will be available, nor whether the shortages that exist in many areas will be alleviated as a result of appeals to people to give out of altruism
.

It is perhaps appropriate that we conclude our survey of global blood collection policies with Africa, as this permits us, in the following section, to focus our attention on the blood collection and distribution system that operates in South Africa.

5.3 Blood donation in South Africa

In South Africa, blood transfusion was first undertaken a few years after the early techniques of blood extraction, typing and transfusing had been developed overseas, with the national centre for such activities being Johannesburg. At that time, most blood providers were either relatives of a patient or paid donors, although the services of voluntary, unpaid donors were also used in this respect. In 1937, the first full-time blood service in the country, the Rand Blood Transfusion Service, was established on the basis of a system whose structure had been laid the previous year by the student run blood donation service that operated at the University of the Witwatersrand.

During 1940, the blood service was to establish one of the first blood banks in the world, which allowed for blood to be stored for emergency use without having to call on donors at short notice, while avoiding any need for direct contact to take place between the donor and recipient (which could be an uncomfortable experience). In 1942, the South African Blood Transfusion Service (SABTS) superseded the Rand Blood Transfusion Service along with branches that operating in areas like Cape Town and Durban. During World War 2, in addition to meeting local blood requirements, blood was also supplied to the national military services as well as to the Red Army as a form of military assistance. While the SABTS was, in 1943, to introduce policies so that South Africa was to become the first country in the world in which all blood was declared to be given for no financial gain, in this year, it was also to experience its first blood shortage, when the annual demand for blood (323 units) exceeded the number of transfusion performed (303 units)
.

In the years immediately after World War, the coastal branches of the SABTS were to break away and form independent regional blood banks. Consequently, while the SABTS was to collect blood from donors in most of the then Transvaal and Orange Free State, bodies such as the Western Province Blood Transfusion Service and Natal Blood Transfusion Service were involved in collecting blood from unpaid volunteers in the rest of the country. In subsequent years, each blood bank was to gradually expand in profile. While new blood products were introduced into local use, increasing numbers of donors were recruited to meet the rising annual blood demand, with the number of local branches being expanded as donors in the smaller towns were recruited to aid in meeting the national desire to attain self-sufficiency in blood supply.

Since the 1990s, a process of rationalisation in this sector has been taking place though. In 1998, the Department of Health accepted the proposals of a document known as the National Blood Policy, that were drafted, to a large degree, in accordance with the wishes of the national blood banks. In terms of this document, non-remunerated blood donation was to remain the cornerstone of national blood collection policy, with the different blood banks agreeing to be amalgamated into a single national blood service, thereby enabling the Department of Heath to issue a single license to collect blood in this country. Although they were to continue to retain a degree of separate regional identity, from 1 April 2000, all blood banks in the country were merged into a national body known as the South African National Blood Service (SANBS).

While the government plays a regulatory role in the blood sector, in accordance with the Human Tissues Act of 1983, it is not actively involved in the collection of blood or administration of the blood services. Rather, these bodies are NGOs that operate independently of the state sector, since they are non-profit associations that “belong” to the members who constitute their blood donor pools, with decisions of an administrative nature being taken jointly by the professional medical directors and the elected donor committees that represent donors (although other relevant parties, such as the state, are allowed some degree of representation on their boards as well).

In Table 5.2, a summary of the blood collection figures of the SABTS over the past decade is supplied. While there were other blood banks in the country during this period of investigation, the SABTS was the largest and, arguably, most efficient of the national blood services, with approximately 55% of the national blood supply being drawn from its donors each year. Thus, if we wish to get an idea of what overall blood collections in the country during this period were, all that would be required would be to literally double the figure provided for SABTS collections to get an approximate national total. For example, given that just over 500,000 units were collected by the SABTS in 2000, we can estimate that in this year, about 1,000,000 units were donated by donors around the country.

Table 5.2 Blood donation in South Africa (1991-2000)
 

	Year
	Active 

 blood donors
	Change on 

previous year 
	Units 

procured
	Change on 

previous year 
	Average 

donations

	2000
	225,249
	4,672 (2.1%)
	531,974
	-54,115 (-9.2%)
	2.4

	1999
	220,577
	-55,026 (-20%)
	586,089
	17,013 (3%)
	2.7

	1998
	275,603
	17,139 (6.6%)
	569,076
	26,351 (4.9%)
	2.1

	1997
	258,464
	-2,386 (-0.9%)
	542,725
	31,530 (6.2%)
	2.1

	1996
	260,850
	24,939 (10.6%)
	511,195
	-17,221 (-3.3%)
	2.0

	1995
	235,911
	-13,093 (-5.3%)
	528,416
	17,153 (3.4%)
	2.2

	1994
	249,004
	-15,482 (-5.9%)
	511,263
	6.636 (1.3%)
	2.1

	1993
	264,486
	-7,739 (-2.8%)
	504,627
	22,986 (4.8%)
	1.9

	1992
	272,225
	13,249 (5.1%)
	481,641
	41,301 (9.4%) 
	1.8

	1991
	258,976
	
	440,340
	
	1.7


From the figures provided, we can see that the absolute quantity of blood collected over the past decade has increased by about 20%, even though the number of active donors decreased by 10% during this period. This rise in blood provision has been accomplished primarily through an increase in the average number of units provided by donors per annum – while only 1.7 units were collected per donor in 1991, by 2000, each donor gave 2.4 units of blood annually. In most years, the marginal increase in units collected was greater than the equivalent change in the number of active donors, which suggests that the SABTS was quite efficient in making use of the donors that it had, as each new donor gave more than one unit of blood in the course of a year. What is not reflected in these figures though is that there were major variations in the number of units of blood collected by different branches of this organisation – for example, while slightly more than 2 units of blood were collected from each member of the large Johannesburg branch in 2000, in the mining town of Ermelo, each donor gave about 4.5 units of blood during the equivalent period.

Although the total figures are impressive, they hide the fact that in 2000, the SABTS suffered a major decrease in blood donations compared to the previous year, with the marginal change in units procured being -9.2% even though there was a 2.1% increase in the number of donors compared to 1999. While it would be impossible to state whether this is simply an aberration in the general trend of rising annual supply, what is very worrying is that the loss in collection momentum was fairly substantial, with the total quantity of blood collected being at its lowest level in 4 years (and on a similar level as the quantity collected in 1995). This suggests that while the SABTS may have been efficient in getting blood out of its current donor pool, it would be facing growing and possibly insurmountable problems in getting marginally greater increments of blood from them due to the already high quantity of blood collected by these donors
.

Provided in Table 5.3 is a breakdown of the number of units of blood donated in the 1998-1999 financial year by donors according to race and gender
. From this, we can to see that while white males have lost their influence in many sectors of South African society, when it comes to the provision of blood, they play a dominant role, with approximately 60% of the blood that was collected during the year under review being provided by them, with white women coming second by donating about 30% of the blood collected by the SABTS
. In a general racial sense, it is clear that whites donate blood out of all proportion to their representation in the national population, for in 1999, they provided about 90% of all the collected blood against a figure of 10% for non-whites. This meant there was a largely inverse relationship between the representation of whites on the national population register and in the blood donor pool, for if they were to donate blood in strict accordance with their racial presence in the country, they would only provide about 15% of all the blood collected by the SABTS. On a gender basis, it is apparent that amongst all racial groups, males donate substantially more blood than females. This is only to be expected, as not only are women more likely to be excluded from donating blood because they are pregnant (an obvious excluding factor), but they also have a greater likelihood of falling below the minimum body mass required for consideration as donors.

Table 5.3 Characteristics of the blood donor pool

	Features
	White
	Black
	Coloured
	Asian
	Total Gender

	Male
	325,013
	28,074
	9,988
	7,680
	370,755

	Female
	187,223
	16,717
	8,160
	3,234
	215,334

	Total Race
	512,236
	44,791
	18,148
	10,914
	586,089


An extremely important factor in the maintenance of these high collection rates has been the relatively large volume of blood donated by repeat donors, who provide blood on a regular basis to the blood bank. In the case of the SABTS, over 80% of its blood supply is derived from these donors
, with the remaining blood being provided by less desirable infrequent donors. Various programmes have been introduced to ensure that members donate blood regularly, with donors receiving recognition for having given blood either 4 or the maximum of 6 times in one year – in 1999, about 65,000 people gave 4 units of blood and just over 14,000 donated 6 units in that year
. In addition to these awards, there are also commendations for people who have given a set total number of units of blood in their lives, with 2 donors, each of whom has donated over 300 units of blood, presently competing for the title of the most prolific blood donor in the world.

The prime motivation behind the behaviour of blood donors in South Africa is said to be an altruistic desire to help others, although it is highly likely that other factors may also contribute to the decision to donate blood (and which may thus shed light on why there are large numbers of irregular blood donors). In cases where donors are recruited at their place of work, it is possible that some workers may feel exposed to some degree of coercion into giving blood by their employers or fellow co-workers, while in instances where blood donation occurs at schools, students may face some peer pressure or have a personal desires to emulate the activities of their peer group that makes them give blood. In such cases, these local blood donors may be classified as being captive donors according to our donor typology. There may also be cases where donors, especially those who are employed, give blood in order to take time off work or receive some other indirect benefit, in which case blood donation takes place in return for the provision of fringe benefits (even if these benefits are not actually provided by the blood bank). An issue that has been discussed amongst local blood banks has been the provision of indirect benefits to donors should they themselves need blood. While the standard SABTS procedure in this case is to usually bill the donor’s medical scheme (or respective state hospital) for the costs associated with the donor’s blood use, provisions are made for any blood costs that are privately borne by the donor to be refunded, so long as he or she had previously donated certain quantities of blood within predefined periods
. In this situation, we may then find that some people are credit donors, who give blood in the expectation of receiving the perk of not having to repay their own blood use should the need for them to receive a blood transfusion arise some time in the future. While blood banks may negate the value of such benefits in recruiting donors (and may not openly discuss the availability of such benefits with donors), their value in the recruitment and subsequent retention of people in the blood donor pool may be substantially greater than is realised.

At present, no payment is provided locally for blood, as this would be in contravention of the regulations contained within the Human Tissues Act. While the SABTS claims that “South Africa became the first country in which donors gave their blood purely for altruistic reasons, with no monetary gain”
, there was one important exception to this general rule of non-remuneration of blood donors that is worth mentioning. For many years, the South African Institute for Medical Research (SAIMR) was involved in the purchase of blood from paid donors in order to meet the medical requirements of the independent hospitals erected by the major Transvaal gold mines. Here, blood was purchased for use in mineworkers who were in need of transfusion after falling ill or being in an accident, which was a relatively common occurrence due to the high risks associated with their occupation. In keeping with the general laws of the country at the time, all blood (regardless of source or donor motivation) was divided according to the racial category of the donor
, with paid donors also being segregated when it came to the payment that they received – while whites earned R4 per unit of blood sold, non-whites received only R1 per unit
. Currently, payment for blood no longer takes place, as the SAIMR withdrew from the provision of blood to the mines a couple of decades ago, from whence blood was instead obtained from the normal blood banks using their voluntary donation principles.

A significant concern for any blood bank involves the possible contamination of blood products by transmissible diseases. To counter these threats, the SABTS conducts an intensive series of tests on all donated blood that screen for most of the diseases that were previously examined in Chapter 4.5, with the testing standards being set at amongst the highest quality standards in the world. For example, in the area of HIV detection, South Africa is the only country in the world other than the USA to use what is known as the p24 test, which is a highly sensitive modern test that has reduced the window period in which contaminated blood could be collected to only about 16 days
. In addition to direct tests, the SABTS utilises risk management techniques to ensure that the probability of obtaining tainted blood is minimised, with blood donors being classified into 4 basic risk levels that represent how likely they are to be carriers of disease
. In the most recent collection year, 621 donations were registered, according to the screening tests, as being HIV positive, although the difference in infection rates between members of different groups was substantial. Repeat donors, who fall into the safest risk category were found to have given blood that appeared HIV positive 0.0079% of the time (i.e. 32 out of over 400,000 donations), while donors who had the highest category risk profile had blood that appeared HIV positive in 4.29% of the units donated
. Such a remarkable safety record and attention to detail when it comes to safeguarding the interests of recipients is not copied throughout the country though, as the smallest blood bank in South Africa, Medimatch, was temporarily suspended by the Department of Health in 2000 for working according to sub-standard operating procedures. Here, it was found that the laboratory of this organisation was simply a kitchen in a residential home, with poor safety standards being applied to the storage and disposal of donated blood products
.

No record exists of how many people in South Africa acquired transfusion related HIV, although the SABTS asserts that this number is minimal, with any haemophiliacs and blood recipients that did become HIV positive likely to have been infected through the use of imported blood products rather than local blood products
. Several factors make this statement concerning the absolute safety of locally acquired blood in transmitting disease highly questionable. First, press reports occasionally surface where local individuals state that they became HIV positive with blood transfusion being viewed as the only possible vector for this disease
. Second, when HIV testing was finally introduced by the SABTS in November 1985, the first case of an infected donation was reported within less than a month of full-scale use of this test. This suggests that even at this early stage of the HIV epidemic, there may have been some infected donors who could have unwittingly passed their disease on to recipients, with such a possibility being particularly unfavourable to blood recipients since these early tests were not as sensitive in detecting infection at the early window stage as the later blood tests. Third, as the discussion on risk groups revealed, positive test results continue to appear amongst blood donations, even for the apparently very safe, repeat blood donors. As such, while the probability of an infection escaping detection during the window period is extremely low, it can never be defined as being zero, in which case provision must be made that some blood recipients may get HIV. With respect to hepatitis, a similar possibility of donors passing infected blood on to patients must be considered, with South Africa too being affected by the fact that HCV, for example, could only be detected locally following the introduction of the appropriate test in 1992. Thus, prior to this period, there must have been cases where patients were infected with this disease that were not properly accounted for
.

In Table 5.4, a summary of the main blood products that are transfused into patients is provided. As we can see, the most important category of blood products to be used in this country are red cell products, with almost 400,000 units being transfused in 2000, representing an increase in demand for this type of products of about 30% in a decade. Frozen blood products, which are essentially derived from fresh frozen plasma, make up the next highest category of transfused product, although the rate of increase in demand for them is lower than that of the red blood cells products. The amount of albumin and dried blood products obtained from the stock of donated SABTS blood has decreased substantially in the past few years and is now zero, with a significant decrease also being registered in the quantity of platelet units issued. These falls in consumption do not actually mean that there has been a decrease in the demand for these important products. Rather, what has happened is that the SABTS has no longer undertaken to manufacture such products using its own facilities, but has instead contracted to send their basic raw materials to the country’s largest blood processing agency, the Natal Bioproducts Institute, where greater economies of scale allow them to more efficiently synthesise these products
. In addition, while the amount of blood provided by local donors may make South Africa self sufficient in most aspects of blood transfusion, there is always a possibility that some local patients may require specialised blood products that can only be imported due to a lack of local market demand or production ability.  

Table 5.4 Blood usage (1991-2000)

	Year
	Red blood cell

products
	Frozen blood

products
	Dried blood

products
	Albumin
	Platelets

	2000
	398,443
	76,404
	166
	172
	29,899

	1999
	395,276
	78,485
	1,098
	197
	66,242

	1998
	414,055
	79,968
	1,564
	5,977
	71,900

	1997
	397,511
	79,881
	1,714
	7,179
	63,809

	1996
	383,447
	75,428
	4,336
	4,561
	61,469

	1995
	367,441
	70,574
	3,887
	10,607
	56,012

	1994
	343,545
	72,513
	7,647
	15,307
	49,739

	1993
	351,418
	69,287
	9,275
	12,157
	51,217

	1992
	333,798
	N.A.
	N.A.
	N.A.
	N.A.

	1991
	306,634
	N.A.
	N.A.
	N.A.
	N.A.


Unfortunately, there is no comprehensive data dealing with the amount of blood collected by the SABTS that could be classified as being wasted rather than used in a proper manner for transfusion purposes, which therefore makes any assessment of the general efficiency with which it handles its blood stocks highly speculative
. However, from a cursory examination of the available data, about 0.25-0.50% of all donated blood must be destroyed immediately after collection due to the possible presence of transmissible diseases. Given that the SABTS operates according to world-class standards of quality control, it is highly unlikely that there would be much technical waste involving the contamination of blood products by bacteria and other foreign agents. It is also difficult to ascertain the amount of administrative waste and waste attributable to defensive medical procedures in South Africa as local blood banks do not account for what happens to blood once it is out of their control.

There is, however, some anecdotal information on the amount of blood that is wasted due to expiration before it can be used. Here, it seems that very little SABTS blood reaches its final date of use before it can be transfused, although this may have less to do with the overall efficiency of the SABTS in handling its blood supplies than with the fact that it has great difficulty in acquiring large enough stocks for blood to even have the opportunity to go to waste. This is since the average available quantity of blood stored in the blood banks is rarely enough to cover blood demand for more than a few days, with donated blood usually being processed and issued for use within a couple of days of collection
. The only exception to this general rule may concern blood of more common groups, such as type A+ blood, where there appears to be an excess number of donors, as well as with some less needed plasma by-products that are obtained when plasma is processed into different products. In these cases, what may happen though is that instead of destroying such surplus products, blood banks will export them for use in countries where a greater need is expressed for them, with compensation taking place either as cash payments or through the receipt of blood products or equipment that local blood banks need.

Occasionally, shortages of blood are experienced, when a blood bank is unable to meet all the blood needs of hospitals in a rapid manner. In such a case, a request would be made by the affected blood bank to its counterparts in other parts of the country to assist it in meeting the requirements of the local medical institutions until sufficient blood could be acquired. For example, if the Western Province Blood Transfusion Service were to run out of blood, in addition to launching an appeal to the public to come forward and donate blood, it would also turn to bodies such as the SABTS to ship blood to it, and vice versa. While shortages of blood are not common in South Africa, they are also not unheard of – in 2000, the Natal Blood Transfusion Service twice ran out of enough blood to meet overall demand
. When this happened, non-essential surgery had to be cancelled until a later date, when blood stocks had been replenished, with transfusions only being allowed to take place in emergency operations. Similar problems regarding blood shortages have also been expressed by the SABTS though, which was forced to consider issuing blood in emergency situations to patients as well due to the fact that it often had a maximum of 2 days worth of blood supplies
.

There are a couple of important issues that have been raised concerning blood donation in South Africa. The greatest threat to the blood transfusion system in this country is posed by the infectious disease epidemics such as HIV and hepatitis. In addition to the obvious threat of infecting recipients through contaminated blood donations, these diseases may also have a less noticeable but just as important effect of reducing the total amount of blood that can be collected by the blood banks. In 1999, there were at least 4.4 million HIV positive people in this country
, with the fact that at least 1,000 new cases are reported daily of people being infected with this disease, meaning that the number of cases is by now close to 5 million patients. In addition, South Africa is said to be a high-risk area for the contraction of the more fatal strains of hepatitis (hepatitis-B and hepatitis-C), with at least 2 million carriers of this disease being in the country at present.

While there may be some overlap if people are infected by both of these diseases at the same time, the impact on the blood banks of such high infection rates is significant, as they will have lost a fair number of potential donors who would have been able to help them maintain the supply of blood in the country. This can be seen with the following mathematical estimate. Apart from, at most, 100,000 infants and adolescents, most people with HIV in this country are over the age of 16 years, which is to be expected, given that this disease is spread primarily by the sexually active sector of the population in this country. Now, about half of the approximately 42 million people in this country are said to be over the age of 16 years, which means that there are, at the outset, about 21 million adults in this country who would be legally eligible to give blood. If we assume that half of those individuals with hepatitis also have HIV and the other half hepatitis only (thereby avoiding a double-count), then about 5.5 million people in the country would be infected with a blood transmissible disease. Almost straight away, the size of the possible national donor pool would shrink by 25% due simply to disease infection, before other factors that often impede donation are accounted for
. The problem for the blood banks is that as their current pool of healthy donors, made up mainly of middle-aged and elderly donors, is aging
. Here, replacing them will be made increasingly difficult if large numbers of potential donors are prevented from donating blood if they have these diseases, with the increasing number of cases reported daily only leading to even greater problems in the collection of blood
. Furthermore, prospects of relying on those who are younger than 16 to make up any shortfall in collections is limited, as popular belief has it that up to one-third of these individuals may eventually contract HIV over time.

The other topic of concern relates to the fact that major work needs to be carried out by the blood banks in order to increase the number of black blood donors in this country. As the analysis of the racial classification of donors clearly demonstrated, they constitute a minority of the donor pool even though, as the major racial group in South Africa, they are likely to have the greatest total blood demand in the country. This imbalance between blood contributions and blood requirements is neither desirable nor sustainable in the long run, and can only result in severe supply problems when current donor sources are no longer available in as great numbers as they were in the past. In a study conducted in Natal in the 1960s, it was found that “the image held by some Bantu adults of the Blood Transfusion Service was a negative one in that it was seen as a governmental organization and ‘White’ ”
. While the political situation in this country has changed dramatically since then, perceptions may prove to be significantly harder to alter than facts. Here, it appears that many black people may possibly still see blood donation as being something that is only of relevance and interest to whites, even though they too can benefit from the medical outcome of blood transfusion.

Returning to the aforementioned 1960 study, it was stated that “the concepts of blood held by the average manual worker Bantu closely link blood with health and are unfavourable to blood donation”
. Now, while Westernisation may happen to change the lifestyle habits of black people in this country, especially those in urban areas, it is still possible that many people may retain strong cultural beliefs about the role of blood that may prove very hard to dispel. Consequently, regardless of the provision of any public information aimed at clearing up their misconceptions on this topic, efforts at recruiting new donors among the black community may fail. In many cases though, it is possible that the low blood donation rate amongst blacks may not necessarily indicate the lack of an altruistic desire to help others or a predominance of selfish interests. Rather, some blacks may be prevented from becoming blood donors due to being in a poor state of general health. Here, we might find that poverty, and an accompanying lack of nourishment, means that many black people may not meet the minimum body mass or iron count requirements needed to give blood even if they so desire, in which case blood collection does not take place simply due to factors outside the control of these individuals.

In this section, it has been clearly demonstrated that given the particular constraints it faces, the SABTS has managed to run an impressive blood collection system. However, it has also been seen that there are various factors that may prevent the new national blood service from carrying out its activities as efficiently as it may desire, in which case, shortages of blood are likely to occur more often in South Africa than has been case so far. Under such circumstances, there may be no option other than to consider adopting alternative measures in order to ensure that a safe blood supply continues to be provided in this country. In the following sections, we examine various ways in which non-market methods of acquiring and using blood in a more efficient manner can be introduced into the country.

5.4 Blood waste and conservation

An issue that has always been of great concern to blood banks has been that of blood waste. The economic implications of this problem are obvious, since the greater the amount of waste, the less blood there is available for transfusion, and the greater must be the ensuing effort spent in trying to make up for the blood shortages that are likely to occur. Now, while there are still unresolved issues on this topic, as there is still no absolute agreement as to what constitutes the medically justifiable use of blood and what constitutes waste, we can say that the different conceivable forms of blood waste can be classified into four broad categories.

The first category is “technical waste”
, which occurs whenever blood products are haemolysed, or contaminated by destructive foreign agents such as bacteria. Due to safety concerns, these products are not considered fit for any clinical use and therefore end up being destroyed. Usually, this form of waste applies to only a few units of blood at a time, but there have been incidents where hundreds of units of blood, representing a significant share of available inventories, were disposed of when identical defects in batches of product occurred at the same time. Despite this, the improved clinical safety procedures and quality control standards that are constantly being implemented mean that this form of waste, expressed as a fraction of total blood waste, is likely to become ever less important over time.

The second form of waste that must be considered is known as “administrative waste”
, since it arises mainly as a result of inadequate institutional policies relating to the ordering and handling of blood products. Substandard ordering policies are caused by inadequate planning and administration by medical personnel, who may use faulty estimates and thus over-order blood supplies, request supplies of the wrong blood group, or fail to account for a range of other factors that result in medical institutions first hoarding and subsequently disposing of blood products that cannot safely be reissued. Handling failures arise either in the laboratory or, later on, in an operating theatre or hospital ward, when blood products can, amongst other things, be mislaid, accidentally mislabelled, or incorrectly transfused into a patient. One example (of many) that demonstrates poor handling concerns the manner in which blood is stored, with operating procedures stating that if a unit of blood is taken out of a refrigerator for a set period of time (about 30 minutes), but is not utilized, then it cannot be taken back by the blood bank. Instead, it must automatically be discarded due to the possibility that it may have deteriorated in quality or suffered from contamination. According to one American blood bank, over 18,000 units of blood are discarded annually because of this problem alone, even though it is believed that patient safety is not likely to be compromised if unused blood that has thawed for up to 2 hours outside of a fridge is stored immediately for later use
.

The third, most contentious, type of blood waste is attributable to a procedure that Titmuss called “defensive medical practise”
. This occurs when medical practitioners are said to transfuse more than the necessary volume of blood products into their patients. Whether this should actually be classified as a form of waste is debatable, since there may be considerable differences in opinion as to what the appropriate level of blood use for any given medical activity should be. While guidelines based on objective data such as actual blood loss may provide approximate values of how much blood should be used, the ultimate decision lies in the hands of the medical practitioner, who has the responsibility of ensuring the patient’s well being. As such, so long as “excessive” transfusion does not do the patient harm, and is not too far from the normal range of provision, then this practise cannot really be considered an exercise in blood waste. If anything, this issue may actually be overrated, for as many doctors are aware of the scarcity of blood, they may tend to resort to transfusion only when there is a real need for it, with blood being transfused only if the volume in a patient falls below a pre-determined “threshold” level. As they become more adept and confident at working on patients, doctors are likely to transfuse blood at ever-lower threshold levels, thereby resulting in lower, not greater levels of such blood “waste”.

Finally, we have waste that arises when blood reaches its expiry date and is no longer suitable for consumption in its present state, even though parts of it, such as the red cells and plasma, may be salvaged for reuse in other products. While such processing ensures that part of the expired blood is still put to good use, it is not an entirely perfect approach, as blood components with short life spans whose use could have been most beneficial immediately after collection will have perished. Of the different forms of waste that exist, this is arguably the most prevalent one, with estimates indicating that for the USA at least, up to 10% of all blood reaches its expiry date before it can be used in its original form
.

Due to the difficulties in accurately defining the meaning of waste, the statistics that measure this phenomenon are often vague and contradictory. As such, all data presented on this topic must be viewed with caution. During the 1960s, Titmuss argued that the total amount of blood waste, in all forms, ran from a low of about 1-2% in the UK
, to a much greater figure of 15-30% in the USA
. For the 1990s, a more accurate assessment would suggest that the real proportion of blood waste lies somewhere between these two figures, with about 10-15% of all collected blood being wasted in most systems. This estimate arises from noting that for every 1,000 people in the UK who presented themselves at a collection centre for the purpose of making a donation, only the blood obtained from about 800 donors would actually be transfused
. Of the remaining 200 donors, about 100 would be unable to donate due to medical restrictions, while the other half would give blood, but this would be lost down the collection, processing and distribution chain due to a variety of reasons (including a small portion dedicated to research and development purposes). Effectively then, 1 in every 9 units, or approximately 11% of all blood collected in the UK is “wasted” by blood banks before transfusion takes place, without even taking into consideration factors such as defensive practices, which arise after blood has left the custody of the blood banks.

To overcome this waste, a range of proposals have been put forward to counter this problem, with one of the most popular approaches being the implementation of blood management programmes that attempt to use accounting techniques to ensure that all blood use is strictly monitored. While some of these programmes have been tested on a trial basis, with some success, they have a major fault in that they are often undertaken in strictly controlled settings, where the behaviour of all concerned is aimed at limiting waste
. While they may therefore be able to provide dazzling results in the short run, in the longer term they may not be able to give such sustainable figures, largely due to the fact that habitual slackness occurs due to a loss of discipline amongst staff in working according to operating protocols. Nevertheless, while it may be a long time before any failsafe methods of controlling blood waste are introduced, a variety of innovative approaches have been adopted to ensure that where possible, new ways of collecting and using blood with the greatest care are implemented, with two very different approaches being mentioned below.

i) Autologous blood transfusion

When we speak of blood transfusion, what we are usually referring to is the technique of allogeneic transfusion, where blood donated by one person is transfused into another. There is, however, an alternative option available known as autologous transfusion, which involves the transfusion into recipients of the blood that they themselves have donated at an earlier date. While such a technique may have a limited field of applications, as it is centred mainly on elective surgery that can be scheduled in advance, it is nonetheless worth examining in greater detail due to the substantial blood savings that it offers. This is borne out by the fact that while this procedure has only recently been introduced to South Africa, in the USA, where it is widely respected and practised, over 600,000 units of such blood were collected in 1999 alone
. As such, autologous blood is a partial substitute for allogeneic blood, for while it has only an indirect impact on the total quantity of blood donated, it has a very direct impact on how such normally collected blood can be used by freeing these supplies up to be used on other recipients.

While patients may have a variety of reasons for choosing autologous transfusion over allogeneic transfusion, it appears that a desire to be altruistic by helping blood banks ease their supply problems is not foremost among them. In a unique study which asked autologous donors why they had chosen to follow this course of action, about two-thirds of respondents said they were acting on the recommendations of their physicians
. Thereafter, about one-fifth said they donated because they feared being infected by a disease transmitted via allogeneic blood, with the remaining donors citing various personal reasons for doing so
. In no way were any of these donors acting in the interest of others – rather, they were acting according to their own self-interest, as is clearly demonstrated by the fact that their “donations” were made solely for their own use, not for the benefit of others
.

There are numerous benefits from engaging in autologous transfusion. First, while patients who belong to a rare blood group may acquire blood of their particular type in advance of a scheduled operation, this is not guaranteed, since there may not be sufficient time to gather it from the relevant donor, screen it, and then transport it to the appropriate medical facility. To forestall such a problem, the most viable course of action is often for the patient to pre-donate blood beforehand. Second, people with certain medical conditions, such as those who are HIV positive or of an advanced age, may find autologous transfusion to be worthwhile if receiving blood from another person could affect the stability of their fragile immune systems. As they are using their own blood, the possibility of suffering from adverse medical reactions is greatly diminished. Finally, the most important advantage is that the risk of being exposed to a disease that may be present in the blood of another person is completely avoided. This applies not only to known diseases such as HIV, but also to any unidentified infectious agents with long incubation periods which may be present among the general population, but whose transmission via blood has not been confirmed and for which no effective screening test is yet in place. While this scenario may, at first sight, appear to be far fetched, it was precisely what occurred when HIV first appeared, where nobody knew that it was present in or transmittable via blood. It may be a scene that could, unfortunately, be repeated again in the future with diseases such as CJD, where it is only after many years that scientists have begun to understand the features of this disease. Thus, autologous transfusion is desirable for those who have doubts about the current safety of the blood transfusion system, or who do not wish to be too complacent about the transmission of any as yet unrecognised viruses.

Despite such attractions, several weaknesses mitigate against the widespread utilization of autologous blood. Firstly, while screening and cross matching tests do not need to be carried out on such blood (as it will be returned to the same person who donated it), there exists a need for special safety procedures to ensure that such blood is not misplaced or mishandled. As a result, the economies of scale that exist from handling large volumes of allogeneic blood are nullified, so that on a unit cost basis, autologous blood is substantially more expensive than allogeneic blood. Whether such a price premium is worthwhile to either society or the individual patient is a value judgment open to debate, but if it is the patient or a private insurer that pays for this procedure, then no real objections can be raised against it. Secondly, since it has only a limited lifespan, the quantity of blood that a patient can safely pre-donate without endangering his health is limited to a maximum of 3 units of whole blood
. Should more blood be required if something goes wrong during the operation, then the operating surgeon may have no option but to resort to the use of allogeneic blood – in such an event, the entire rationale behind the use of autologous blood, namely the avoidance of allogeneic blood, will have been defeated. Finally, even if the donor does not require his own blood, it may be of no use to other people, as the standard operating procedure for dealing with unused blood of this type involves destroying it immediately after the scheduled operation has taken place, when no further need is deemed to exist. While this course of action may appear to represent a waste of precious blood resources that could be used on other people, it is usually a prudent move, since not only does such blood have to still undergo the process of being tested, but as it is provided by sick people who require surgery, it is often of negligible value to other sick people
.

ii) Blood recycling

A related technique that has been developed in order to ensure that the blood of a patient is available for reuse involves the salvaging of blood during the performance of a surgical procedure or in the post-operative recovery period. With this technique, blood lost from surgical wounds, which is usually destroyed, is instead drained into a reservoir, where it may then be directly re-infused back into the patient during surgery, or recycled for later use in the recovery period. 

There are two main techniques of collecting and reusing blood in this manner. The first, simpler method, involves the use of a relatively basic machine that collects discarded blood and then intravenously pumps it directly back into the patient. While this machine is both cheap and easy to use, the flaw with the process is that the salvaged product is unwashed, which means that the blood that is collected may be mixed with materials that could contaminate the blood stream, such as bowel contents, fat particles, malignant cells and other undesirable fluids. The second, more advanced technique is that of automated cell salvage, where discarded blood undergoes a filtration process before being placed in a centrifuge that extracts mainly the red cells, which are then sterilized and returned to the patient. While this more hygienic process does ensure that the patient is replenished with the oxygen carrying red cells that are most needed in an operation, it does suffer from the major disadvantage of functioning properly only when large volumes of blood are reprocessed, plus the machines are expensive to own and operate.

Finally, a passing mention should be made of scientific investigations that were carried out in the mid-twentieth century to determine the feasibility of acquiring blood from cadavers. With this process, most of the blood in a recently deceased human could be drained from the body before coagulation took place, whereupon it could then be used to produce blood products. While the technique was only considered as a theoretical exercise in the USA, it was actually carried out several times in various parts of the then USSR, although the practise was discontinued due to what were then deemed to be insurmountable technical difficulties
. Given the many technical advances that have been made in recent years, it would not be implausible to assume that this technique may be revived sometime in the future (especially if performed in conjunction with the removal of organs for transplantation).

Despite the improvements that have taken place in recent years to ensure that blood is not wasted, we still remain stuck with the basic fact that the blood supply system remains entirely dependent on the willingness and ability of the individual human to come forward and donate. With this fundamental defect in mind, we move on to the final section of this chapter, which looks at how scientists have started work on developing a range of innovative substitutes for blood that may, one day in the future, help us to minimize or overcome the current problems that so bedevil blood services around the world.  

5.5 Blood substitutes

In recent decades, one of the most exiting topics in haematology has centred on the efforts to develop substitutes for human blood. There are several reasons why the need for blood substitutes has become more pressing: while some are of a social nature, aimed at changing the perceived value of blood, others are of a technical nature, in that they involve the scientific desire to produce a product with properties superior to that of normal blood, but without any of the weaknesses inherent in the original substance.

Firstly, recruiting and managing donors is a difficult and time-consuming task, with considerable funds having to be allocated to the administration of donor needs. To be successful, any blood substitute must be available in volumes that are abundant enough to meet all foreseeable demands at a lower cost than it takes to recruit human volunteers. Secondly, if human blood is to be properly stored and transported, then refrigerated facilities and vehicles are needed, which may present logistical difficulties in areas where basic infrastructure is lacking. Ideally, any blood substitute should be stable at room temperature and easy to handle without requiring the use of specialized and costly equipment. Furthermore, even when properly handled, we must recall that blood is a perishable item with a relatively short shelf life – while nutrient additives such as glucose can be used to prolong its life, rapid deterioration still occurs, so a good substitute will need to retain its usable properties for a long period of time, even when exposed to undesirable storage conditions. Safety is another consideration, as money must be spent on the testing and handling of donated blood in order to ensure that it is safe and goes to the right recipient. Ideally, any substitute should eliminate the need to conduct expensive disease screening and type matching tests. Finally, there is the issue of blood borne diseases, which have not only limited the amount of blood that could be supplied by donors, but may have also restricted the more widespread use of transfusion due to fears of infection among recipients. While screening tests have made blood transfusion safer than ever before, any substitute that can be proven to be absolutely free of any disease carrying properties or genetic defects, whilst being efficacious in clinical use, would be very successful in a commercial sense, and could restore any lost confidence in the use of blood as a medical tool.

While the rate of supply of blood has, until now, managed to keep broadly in line with increases in demand, such a state of affairs may not always be possible. In order to head off any problems that may appear in future, a range of alternative blood products have been developed and tested for possible human use. What follows is a summary of the main categories of feasible blood substitutes, with an evaluation of their features and likely prospects for future introduction.

i) Human haemoglobin

Many of the efforts to develop blood substitutes involve the development of a substitute for red cells, with the focus of research being on replacing red cells with solutions that use haemoglobin (the respiratory pigment found in red cells) as their basic raw material. Ideally, the best type of haemoglobin is the one found in human red cells, as it has all the basic properties required for use in the human body. The one immediately accessible source for acquiring such haemoglobin has traditionally been from outdated red cells present in the stocks of blood banks, but while this may have been a promising avenue in the past, in recent years, the flow has all but disappeared. This is since the quantity of outdated blood available for reprocessing has steadily decreased due to improvements made by blood banks in their handling and storage procedures and because donated blood is consumed almost as soon as it is cleared for use. In addition to this supply problem, a technical difficulty concerns the fact that the antigens that define the differences between blood groups continue to remain functional in old red cells, which limits the potential usefulness of this raw material. While scientists have attempted to overcome this obstacle by converting all salvaged human haemoglobin to type O standards, they have had only limited success
, which means that for the foreseeable future, all blood substitutes with this haemoglobin will continue to require cross matching and typing tests before use.

ii) Non-human haemoglobin extracts

Rather than depend on limited human haemoglobin stocks, an alternative approach has been to extract haemoglobin from other living organisms that also require oxygen in order to survive.

One potentially unlimited source is bovine haemoglobin, which can be obtained as a by-product of livestock slaughtered at abattoirs. Several experimental products prepared with red cells obtained from cattle, such as Hemopure, have been tested on human volunteers, but while the results of trials have been promising, it is unlikely that such products will be publicly acceptable in the near future
. This is mainly because not enough is yet known about the long-term effects on humans of repeated exposure to animal blood, although experience from the early transfusion experiments suggests that animal blood, even if treated, has the potential to harm humans. In addition, a great fear that has yet to be settled is whether or not such products can transmit mutations of animal diseases such as BSE, the so-called “mad cow disease”, to human recipients.

In lieu of using haemoglobin obtained from normally reared animals, an alternative source that has become available as a result of the scientific advances of recent years has been the blood of transgenic animals, which are genetically engineered before birth to produce human blood cells. Some of the apparent benefits of this technology are that the blood produced is stable, can be transmitted to the following generation of animals (helping to increase the size of the donor pool), and is relatively easy to separate from the haemoglobin belonging to the host animal (as it has slightly different identifying markers). The main disadvantage is that as this science is still in its infancy, it is not yet clear whether large quantities of transgenic haemoglobin can be efficiently produced at a low enough cost. In addition, it is doubtful as to how long further research in this field will be allowed given the present public distaste for cloning and animal experimentation.

Finally, recombinant haemoglobin, which is obtained by genetically modifying non-animal organisms that breathe oxygen, such as plants, bacteria and yeast, has also been considered
. The main advantages of obtaining haemoglobin from this source are that it may be obtainable in large volumes, can be engineered into “tailor made” molecules suitable for specific tasks, and, as it does not rely on any human or animal blood as a building block, has the potential to be free of animal viruses (but maybe not against plant diseases). Once again, the main disadvantages are that this is a new technology that has yet to prove itself completely, plus there may be a similar outcry against it as there was against the introduction of genetically modified foods.

iii) Perfluorochemical emulsions

An alternative technique of developing red cell substitutes has involved the synthesis of perfluorochemical emulsions, which are organic compounds where the hydrogen atoms have been replaced with fluorine. Commercially, the most successful of these products has probably been Fluosol, which was developed by Green Cross of Japan, one of the largest players in the blood products industry. In 1990, following an extensive period of testing upon hundreds of patients, the FDA approved the limited use of this product on certain high risk patients undergoing angioplasty or receiving treatment for certain forms of cancer
. Despite this success, Fluosol is considered to be a “first generation” product only, as it suffers from several drawbacks, including a short lifespan, a limited oxygen carrying capacity, an unstable nature at room temperature (necessitating the use of frozen storage), and a potential for causing toxic exposure in recipients. In order to overcome these limitations, a second generation of enhanced products in this category with superior longevity and oxygen carrying properties has been proposed, although these are still in the early stages of development and have yet to be widely tested.

iv) Synthetic and recombinant plasma products

While researchers have had only limited success in developing red cell substitutes, their efforts at developing substitute plasma products have been more fruitful.

Probably the most successful of these substitutes has been recombinant factor VIII concentrate, which is primarily of synthetic origin, although it does contain traces of human albumin within
. This product is thought to have such great potential that in the UK, all haemophiliacs under the age of 16 or who have never been administered the original human product before are now being treated almost exclusively with it, with the result being that its share of the applicable UK market has increased from literally zero to almost 25% in only 3 years
. At present, the principal disadvantage of this product is that it costs considerably more to produce than the equivalent human version, which means that until unit costs fall substantially, its use is likely to be restricted mainly to wealthier patients or health systems.

Other substitute products that have recently been introduced limited use include recombinant factor VIIa concentrate, as well as recombinant factor IX concentrate and recombinant disease vaccinations, which have the impressive advantage of having absolutely no human sourced material in them whatsoever. Along with these synthetic products, scientists have also had some success with an animal derived product known as porcine factor VIII, which, as its name implies, is a product for haemophiliacs developed from the plasma of pigs.

In addition to these conventional plasma products, another set of conceivable blood substitutes worth mentioning are artificial saline solutions, which are derived via a chemical production process. These are generally used as haemodilutents or volume expanders during events such as cardiac surgery, where rapid inflows of fluid that keep the heart pumping are necessary to compensate for the massive losses of blood that take place. While such fluid enhancers have proven highly successful, they may only show their true worth on the day that they are successfully coupled with red cells substitutes, in which case a very good basic imitation of natural blood will have been developed
.

In this chapter, we have reviewed several fundamental topics relating to the economics of blood collection and utilization. In addition to looking at current global trends with regards to individual donor attitudes and national blood policies, we also examined some important peripheral issues that may one day become central topics in this field, such as the progress that is taking place in the development of blood substitutes. Combined with that which was examined in Chapter 5, it is possible to say that we have now been exposed to all the relevant forces that can have either a direct or indirect bearing on the supply, demand or employment of blood and its derived products. With all this information at hand, we are now able to examine in greater detail how, from an economic perspective, the status quo can be improved. Essentially, this means that in the following chapter we shall discuss how and why the introduction of a commercial blood collection system could alleviate many of the problems that currently exist with blood donation, especially since these issues are primarily of an economic, rather than of a scientific or medical nature.

� SABTS, “What you may want to know about blood donation”


� The reason for this time difference is that as plasma is made up mainly of water, it can be reconstituted rather rapidly, with plasma levels returning to their pre-donation levels within a couple of days of donation. With the other blood components, such as red cells, it takes much longer for levels to be restored to normal due to the much longer period that it takes for the bone marrow to replace them.


� This level is determined by means of a finger prick test performed before all donation sessions. 


� SABTS, “What you may want to know about blood donation”


� Standard blood collection bags are manufactured to hold 405-490 ml of blood, although custom designed blood bags can be used to collect lower volumes.


� SABTS – Donor assessment form


� While very rare, there have been reports that some women have been infected with HIV after engaging in lesbian sexual practices, which means that this excluding factor may need to be expanded in future.


� With some of these minor excluding factors, potential donors may still be able to donate blood.


� In the USA, people with HTLV and Chagas disease may automatically be barred from donating, with many South Americans being barred due to the prevalence of Chagas on their continent.


� In addition, female donors may be barred if they are breastfeeding or in the first phase of menstruation.


� Unlike some blood banks, the SABTS does not automatically exclude people who have lived in the UK for at least six months between 1980 and 1996.


� Titmuss, R.M., (1971), pp. 75-78


� Holland, P.V., (1993), pp. 4


� Technically, such people should be called blood sellers, although paid donor is usually applied.


� Titmuss, R.M., (1971), pp. 75


� Titmuss, R.M., (1971), pp. 78


� Titmuss, R.M., (1971), pp. 78-84


� For example, for each unit of blood transfused, two or more units of blood may need to be provided as a replacement fee. The reason for this premium is that wealthier patients may prefer to make monetary payments rather than undergo the inconvenience of donating, while others who die or are too sick to donate themselves may have neither the ability nor the associates to repay their blood consumption.


� One feature of these systems is that unless people continue to donate blood, their credits will expire and they will lose their coverage. This is an unavoidable yet necessary condition of membership, since blood is not like a money deposit that accumulates interest over time. Rather, it is a perishable item like lettuce, which declines in value at a rapid rate. Therefore, if donor credits were not depreciated, blood banks could be “bankrupted” if large numbers of blood depositors all needed to use blood at the same time.


� Titmuss, R.M., (1971), pp. 84-88


� At such times, the corporations themselves are also engaged in promoting altruism for private benefit, as the more that their employees donate, the better will be the reflection that these businesses have of being responsible members of society


� A noteworthy point is that several American states applied early release policies to prison blood donors [Titmuss, R.M., (1971), pp. 67], with the Commonwealth of Massachusetts passing an act in 1965 that gave each prisoner whose term of imprisonment exceeded 30 days a reduction in sentence of 5 days for each unit of blood donated [Titmuss, R.M., (1971), pp. 85-86]. Despite being widely criticized, the use of such donors was only ended by order of the FDA in the early 1980s, with affiliates of several prominent pharmaceutical firms, including Rhone Poullenc Rhorer and Bayer, being among the bodies that relied on such donors to meet their requirements. <www.freerepublic.com/forum/a36d170dd0a78.htm>
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