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  FIGURE 3a  The route of the Long Safari, Burkitt’s ‘holiday with a purpose’.     
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but the tumour was not seen at all in Kano in northern Nigeria despite 
the fact it was a densely populated, low-lying, tropical area. It also had 
good medical services so it was unlikely that the tumours had been 
missed by medical staff. Such observations soon uncovered another 
environmental factor involved in determining tumour distribution—
that of rainfall. It turned out that the tumours only occurred where the 
annual rainfall was above 20 inches (50 cm), thus explaining its absence 
from the dry savannah of Kano and other similar areas. 

 Interestingly, when Burkitt later contacted doctors in Papua New 
Guinea, a group of tropical islands with a climate similar to that of 
equatorial Africa, he learnt that they also saw children with Burkitt 
Lymphoma. A review of cases documented by the New Guinea 
Cancer Registry showed that this was the commonest childhood 
tumour in the country, with the same age and sex distribution and 
clinical and pathological features as its African counterpart. 
Importantly, it was prevalent in the wet, coastal regions but absent in 

    FIGURE 3b  Burkitt’s map of Africa showing the distribution of Burkitt 
Lymphoma cases identifi ed during ‘the Long Safari’. 
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describes Palade as ‘a giant in the fi eld . . . the father of the whole of 
modern cell biology’. He had developed techniques for examining 
the internal workings of individual cells using the electron micro-
scope. He then elucidated the structure and function of cellular 
components such as mitochondria, the cells’ energy-generating 
bodies, and ribosomes, which manufacture proteins. Palade won 
the Nobel Prize in Physiology or Medicine for this work in 1974.

* * * 
 When Epstein returned to the Bland-Sutton Institute in 1956 he was 
well equipped to perform pioneering work on viruses. He was the 
fi rst to show that Rous sarcoma virus had an RNA genome,   25    and by 
mark ing viruses with tiny gold particles he could actually track them 
as they found their way in and out of cells. So when, in 1961, the 
chance came to chase a human tumour virus, Epstein was not just 
receptive but totally inspired. As he says: ‘I was so excited by Burkitt’s 
lecture that I actually took the notice off a board, and I still have it!’ 
( Figure  5    ).   

    FIGURE 5  The notice announcing Burkitt’s lecture at the Middlesex 
Hospital in 1961     
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lations with those in the US  (  Figure  9    ).   44    These differed markedly, 
with a much slower acquisition rate in the US, indicating that here 
EBV infection generally occurs later in life. Interestingly, they also 
reported that socioeconomic status made quite a difference to the 
age of infection in the US. While 50 per cent of 5-year-old children 
with low socioeconomic status were already EBV infected, in high 
socioeconomic groups just 20 per cent of 5-year-olds had EBV anti-
bodies. These fi gures presumably refl ect the different levels of 
hygiene in the groups and also explain why Diehl did not fi nd cases 
of infectious mononucleosis in East Africa—because virtually eve-
ryone was infected with EBV as a young child—and for the same rea-
son infectious mononucleosis was less common in low than in high 
socioeconomic groups in the US. However, the authors conclude 
that infection in early childhood is generally asymtomatic.   

 When the association between EBV and infectious mononucleosis 
was made public there followed a fl urry of studies on both sides of 
the Atlantic. Large prospective studies were set up at the US Military 
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    FIGURE 9  Chart showing the age of acquisition of EBV antibodies in 
East Africa and the US     
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tion was exactly what would be expected if the infectious agent was 
one that was usually acquired early in life but, in more affl uent 
Western societies, was not acquired until later, when the chance of it 
causing disease might be greater. The parallels with EBV, where 
delayed primary infection causes infectious mononucleosis, were all 
too apparent.   

 The fi rst study into a possible link between EBV and Hodgkin 
Lymphoma was carried out by the Henles who, working with George 
Klein’s research team, looked at EBV antibody levels in patients pre-
senting with the disease. Published in 1970, their work revealed a 
mixed picture.   113    Levels of EBV capsid and membrane antibodies 
were increased in the patient group compared to controls, but the 
differences were less consistent than seen with Burkitt Lymphoma or 
NPC patients and the mean values nowhere near as high. Furthermore, 
the young adult patients with nodular sclerosing-type tumours 
showed the least impressive elevations. That result, and subsequent 
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    FIGURE 14  Chart showing the age-related incidence of Hodgkin Lym-
phoma as seen in the developed world     
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fatal relapse. But then came the success story. What they describe 
as a ‘striking, long, right-hand tail’ ( Figure  16    ), represented the sur-
vivors. Overall this included 11 of the 55 patients, giving a long-term 
remission rate of 21 per cent.   129    And although the report carefully 
avoids using the word ‘cured’, it does state that ‘all of them have 
been clinically free from disease for at least 496 days, while the 
longest remission in a patient who has subsequently died is 382 
days’. The same survival analysis on Clifford’s treated cases using 
his more intensive chemotherapy regimen gave essentially similar 
results.   130      

 Intriguingly, Burkitt occasionally witnessed spontaneous remis-
sion of tumours without any treatment, an event that never occurred 
with other types of lymphoma. Additionally, Clifford had seen cases 
with several late tumour recurrences, each of which he expected to 
be fatal but which responded completely to chemotherapy. Citing 
the case of one such small boy: ‘He was in complete remission for 
almost a year after an initial dose of cyclophosphamide. Since then 
he has had: (1) a testicular tumour; (2) a bilateral submandibular 
tumour; (3) a recurrence of his original retroperitoneal tumour; (4) 
lymphoblastic meningitis; and (5) a tumour in the right cerebral 
hemisphere’, all of which were successfully treated.   131    In the light of 
these observations both Burkitt and Clifford suggested that the 
immune response against Burkitt Lymphoma tumour cells must be 
an important factor in improving the fi nal outcome of the treatment. 
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    FIGURE 16  Chart showing the survival curve for Burkitt Lymphoma 
patients treated by Burkitt and colleagues.     
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vaccine has been much debated, because in most cases natural EBV 
infection occurs very early in life, yet vaccinating newborn babies 
does not generally induce a satisfactory immune response. 

 Epstein had always argued that preventing EBV infection would 
remove an essential link in the chain that leads to disease and thus 
an effective vaccine could prevent all EBV-associated disorders. At 
that time the cotton top tamarin was the animal model of choice for 
EBV lymphoma development, and so he set up a breeding colony at 
Bristol University with a view to testing candidate vaccines. A com-
ponent of EBV membrane antigen complex called gp340/350 was 
known to induce antibodies that blocked EBV infection of B 
 lymphocytes in the laboratory so this seemed the best vaccine 
candidate. 

 In 1985 Epstein and colleagues reported on experiments in which 
they successfully induced antibodies against gp340/350 in tamarins 
by immunizing with either a crude cell membrane preparation made 
from an EBV-transformed cell line expressing gp340/350 or with a 
purifi ed form of the protein.   144    They challenged these animals with a 
dose of EBV known to cause tumours in 100 per cent of animals. In 

     TABLE 1   Estimated new cases of EBV-associated cancers worldwide 
per year   

  Cancer  Number of cases  Number of cases 
attributable to EBV  

  Burkitt lymphoma:      
   Sporadic  400   100    
   Endemic  7800   6600    
  Gastric carcinoma  933,900   84,050    
  Hodgkin lymphoma  62,400   28,600    
  NPC  80,000   78,100    
  Total    197,450    

  From Cohen et al., Science Translational Medicine 3(107): 1–3. 2011. Reprinted with 
permission from AAAS.   
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  TIME LINE OF KEY DISCOVERIES RELATING 
TO EPSTEIN-BARR VIRUS 

  1958— Denis Burkitt described a tumour in African children now known as 
Burkitt Lymphoma. He went on to show that the tumour incidence was 
geographically restricted to regions with high temperature and rainfall. This 
suggested that, like malaria and yellow fever, the tumour was caused by an 
infectious agent with an insect vector. (  Chapter    1   ) 

  1964 —Anthony Epstein and Yvonne Barr found a ‘new’ virus in Burkitt 
lymphoma cells now known as Epstein-Barr virus or EBV. Subsequent work 
showed that almost all cases of African Burkitt lymphoma contain the virus 
genome.  (Chapters 2 and 4)  

  1966 —First evidence of a link between EBV and nasopharyngeal carcinoma 
(NPC), a tumour located at the back of the nose and very common in southern 
China. It is now known that every cell in 100% of NPC tumours worldwide 
contain the virus genome. (  Chapter    5   ) 

  1968 —EBV infection shown to cause infectious mononucleosis (glandular 
fever), a common illness in adolescents and young adults. The virus is spread in 
saliva and so the disease is commonly known as ‘the kissing disease’. (  Chapter    3   ) 

  1975 —EBV infection shown to cause a rare, inherited, fatal form of infectious 
mononucleosis in boys, now called x-linked lymphoproliferative syndrome. 
(  Chapter    6   ) 

  1978 —Large fi eld studies in Africa showed that children developing Burkitt 
lymphoma could be distinguished from control children by very high levels of 
antibodies to EBV present for several years before the tumour appeared. (  Chapter    4   ) 

  1980 —EBV found to cause lymphoma in recipients of organ transplants who 
are immune suppressed to prevent organ rejection. (  Chapter    6   ) 

  1984 —The complete EBV genome sequenced. This led to identifi cation of EBV 
‘oncogenes’ - virus genes that drive cells to grow and, on rare occasions, to cause 
cancer.  (Chapters 6 and 9)  

  1987 —EBV found in Hodgkin Lymphoma. It is now known that around 50% of 
Hodgkin Lymphoma cases globally are associated with EBV. (  Chapter    7   ) 

  1988–1990 —EBV found in rare tumours of T lymphocytes and of natural killer 
cells, most often seen in South-East Asian people. (  Chapter    7   ) 

  1995— First successful use of immune T lymphocytes to treat an EBV-associated 
cancer, the lymphoma appearing in immune-suppressed transplant recipients. 
(  Chapter    8   ) 
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TIME LINE

  2007— First control trials of an EBV vaccine in humans. This research is still 
ongoing using new animal models to determine the optimal strategy for 
prevention of EBV-related diseases. (  Chapter    8   ) 

  2000–2010 —Mounting evidence of a link between EBV infection and multiple 
sclerosis. (  Chapter    9   )      




