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Abstract 
 
In World War I, the only specific treatments for life-threatening bacterial 
diseases were serum products made by immunising horses. The 
internationally renowned Lister Institute of Preventive Medicine was an 
established producer of anti-bacterial sera. Rare archival records show 
that the Institute increased its output of blood plasma, the raw material 
from which antitoxins and other therapeutic sera were made, by five-fold 
during the war. The Institute became a dedicated supplier to the War 
Office which dictated the nature of the products made according to need. 
Early in the war the priority was tetanus antitoxin. The Institute then 
became the key supplier of diphtheria antitoxin and anti-dysentery serum. 
Later, it supplied large quantities of anti-meningococcus serum for the 
treatment of soldiers with cerebrospinal fever. 
 
Introduction 
 
Incorporated in 1891, the British Institute of Preventive Medicine, later 
renamed in honour of Lord Lister, had been inspired by the Pasteur 
Institute in Paris. The independent Institute aimed to: study and improve 
ways to prevent and cure infectious diseases; instruct professionals and 
students; prepare and supply relevant materials; and treat persons 
suffering from disease. The Institute pioneered the UK production of 
diphtheria antitoxin in horses in 1894 and went on to develop other 
therapeutic sera to treat bacterial diseases (1, 2). 
 
On 12 August 1914, barely a week after Britain’s declaration of war with 
Germany, Dr Charles James Martin FRS, Director of the Lister Institute, 
wrote to the Director-General of the Army Medical Department and 
wholeheartedly pledged the Institute’s resources, skills and manpower to 
support the war effort. Five days later, the War Office responded and 
accepted with thanks this ‘generous and patriotic offer’ (3). 
The Lister Institute’s desire to help would not have been unexpected since 
it had a long history of assisting the government and the armed forces. 
For example, the Institute warmly welcomed personnel from the Royal 
Army Medical Corps (RAMC), the Indian Medical Service and the Royal 
Navy as visiting workers in its laboratories (4). Indeed, the Governing 
Body had expressed its enthusiasm for such co-operation a decade earlier 
(5). The Director himself had previously served as Chairman to the War 
Office Committee on Anti-typhoid Inoculation between 1904 and 1907 
(6).  
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The Institute had further high-level contact with the Army Medical 
Department in the person of one of its distinguished governors, then 
Surgeon-General Sir David Bruce CB RAMC FRS. Bruce had first been 
appointed a governor in 1904 (7). Following a break because of 
secondment abroad, he rejoined the Governing Body after the war started 
and went on to be elected its Chairman in 1915 (8). Bruce had been 
recalled and appointed Commandant of the Royal Army Medical College at 
Millbank (9). 
The RAM College hosted the Army Vaccine Department responsible for the 
preparation and issue of prophylactic vaccines. The Department also 
managed the issue of all types of sera, principally tetanus and diphtheria 
antitoxins and anti-dysentery serum, which became ‘a formidable part of 
its daily work’. Unlike vaccines, however, the Army’s antitoxins and sera 
were almost entirely purchased under contract (10). 
For the duration of the war, and during demobilisation, the Lister Institute 
dedicated itself to meeting predominantly the needs of the Army, but also 
the Navy and Australian Forces. It supplied large quantities of vaccines, 
antitoxic and anti-bacterial sera to prevent and treat infectious diseases, 
agglutinating and other types of sera for the diagnosis of infections, and 
culture media used in military and Red Cross hospitals (11). 
 
This article summarises the contribution of the Lister Institute to the 
Army’s supplies of antitoxins and anti-bacterial sera during the First World 
War based on a unique set of contemporary production records from the 
Institute’s Serum Department and other institutional documents which 
reveal how the Institute responded to the pressing requirements of the 
War Office. 

 
Materials and Methods 
 
The archives of the Serum Department provide a unique, continuous and 
comprehensive record of blood plasma production between 3 January 
1910 and 10 December 1918 in the ‘Horse Bleeding Books’ (12). Each 
entry in these books gives the horse, date, volume bled, quantity of 
plasma isolated, the type, and its antitoxic strength (Figure 1). After 
tabulating these entries, the amounts of plasma specific to the 
manufacture of particular antitoxins and anti-bacterial sera at different 
time periods before and during the war were calculated. 
The Annual Reports of the Lister Institute summarised the numbers of 
bottles of antitoxins and sera supplied to the War Office, the Admiralty, 
and overseas forces to 31 March of each year (11). The archives also hold 
an ‘Antitoxin Output Book’ (13), which records the number of bottles, and 
the doses, of antitoxins or anti-bacterial sera that were output until March 
1918 (Figure 2). The numbers of bottles of each type output in the three-
year period from April 1915 to March 1918 were calculated and compared 
with the numbers that were reported as being supplied to the War Office. 
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Figure 1.  A section of the first page of the ‘Horse Bleeding Book’ beginning       
on 3 January 1910. 

 
 

 
 

Figure 2. A section of the ‘Antitoxin Output Book’ from October 1914. 
 
Finally, the doses sent by the Lister Institute to the War Office were 
compared with the total doses of antitoxins and sera issued by the RAM 
College to medical units at home and abroad during the period from 4 
August 1914 to 3 August 1919 as recorded in the official history of the 
war (14). This allowed the proportions of the War Office’s supplies of 
antitoxins and sera that were contributed by the Lister Institute to be 
calculated. 
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Results and Discussion 
 
Production of Blood Plasma 
 
The impact of the outbreak of war on the activities of the Serum 
Department can be judged by comparing plasma production before and 
after Britain’s declaration of war with Germany (Figure 3).  
 

 
 

Figure 3. The percentages of different types of blood plasma produced               
in 1914 before the start of the war (January to July) and                                  

after the start of the war (August to December). 
 
From January to July 1914, the overall pattern of production was broadly 
comparable to that in the years from 1910 to 1913: anti-diphtheria 
plasma made up more than half; anti-tetanus plasma accounted for less 
than a quarter; anti-dysentery plasma and anti-meningococcus plasma 
were made in relatively small quantities. The average monthly output of 
all types of plasma was approximately 65,000cc. 
In the five months from August to December 1914, the Institute’s Serum 
Department increased its average monthly output of plasma to about 
163,000cc, i.e. two-and-a-half times higher than in the previous seven 
months. The quantity of anti-tetanus plasma made during the last five 
months of the year, more than 600,000cc, was approximately six times 
greater and made up nearly three-quarters of total output. It is evident 
that the overwhelming priority at this time was the production of anti-
tetanus plasma. 
From late August, the British Expeditionary Force suffered an unexpected 
and worryingly high incidence of tetanus cases occurring among 
casualties whose wounds had become contaminated by the heavily 
manured soils of the battlefields. Gravely concerned, the War Office 
sought to procure sufficient supplies so that every injured soldier could 
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receive a prophylactic injection of tetanus antitoxin to prevent the disease 
from developing (15, 16). 
The Lister Institute made arrangements to put as many horses under 
immunisation for tetanus as possible (17). During 1915, the production of 
anti-tetanus plasma exceeded 2,000,000cc, nearly 60% of the total. 
Towards year-end, however, the War Office indicated that it had sufficient 
supplies of tetanus antitoxin but more limited amounts of serum against 
dysentery (18). 
A major outbreak of dysentery had taken place in Gallipoli in August 1915 
and the disease was then evident in all Eastern theatres. A milder form 
struck on the Western front between July and September 1916 during the 
Somme offensive. The epidemic form of the disease, bacillary dysentery, 
was responsible for at least 90% of the acute cases of dysentery during 
the war (19, 20). 
During 1916, the Serum Department produced over 2,600,000cc of anti-
dysentery plasma, which accounted for more 40% of production. Colonel 
Sir John Rose Bradford, former Chairman of the Governing Body of the 
Institute and now consulting physician with the Army in France, sent back 
‘satisfactory accounts of the usefulness of this serum’ (21). 
Also in 1916, the Lister Institute made a record 1,000,000cc of anti-
diphtheria plasma. Diphtheria was not an especial problem, although the 
disease was very prevalent in Sinai and Palestine, and its incidence 
among British troops increased in France in 1917. Unlike tetanus 
antitoxin, however, the British Army did not use diphtheria antitoxin for 
prophylaxis and so a much smaller quantity was required (22). 
In May 1917, the War Office requested ‘considerably increased’ supplies 
of sera to dysentery and meningococcus (23). Meningococcal meningitis, 
or cerebrospinal fever, had been endemic before the war. The first 
military outbreak occurred among Canadian troops at Salisbury Plain in 
October 1914 (24). By January 1915, an epidemic had taken hold among 
both troops and civilians in the United Kingdom, and cases appeared on 
the Western Front (25). Cerebrospinal fever remained a problem 
throughout the war, although the peak of military cases occurred during 
1917 (26). 
During 1917, the anti-meningococcus plasma produced at the Lister 
Institute hit a peak of 1,200,000cc. The production of anti-tetanus plasma 
also reached its wartime peak at more than 2,600,000cc, some 35% of 
the year’s production. In 1918, the total of more than 7,200,000cc of 
blood plasma produced was twice that made in 1915. 
 
The pattern of plasma production during the war was very different to 
that prior to the war (Figure 4). Considering the period from August 1914 
to December 1918, anti-tetanus plasma was the type made in greatest 
quantity and comprised 36% of total production. Anti-dysentery plasma 
was a close second and accounted for 31%. Anti-diphtheria plasma 
amounted to 16%.  
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Figure 4. Quantities (cc) of blood plasma of different types produced before 
the war (January 1910 to July 1914) and during the  

 war (August 1914 to December 1918) 
 
Compared with the pre-war period of similar duration from January 1910 
to July 1914, the quantities of plasma made during the war against 
dysentery increased 50-fold, against meningococcus 40-fold, and tetanus 
16-fold. In contrast, the amount of diphtheria antitoxin produced 
increased only marginally. 
Overall, the total amount of plasma produced during the war, which 
approached 25,000,000cc, was five-fold greater than in peacetime. 
 
Bottles of antitoxins and sera sent to the War Office 
 
Table 1 shows the total numbers of bottles of antitoxins and sera sent to 
the armed forces from 4 August 1914 up to the annual period ending 31 
March 1920. For each product, more than 90% of bottles went to the War 
Office, with the remainder going to the Admiralty and overseas forces. 
 

Type of product Total War Office Per cent 

    
Tetanus (various doses) 541,815 506,652 93.5 
Dysentery (20cc) 342,347 337,452 98.6 
Diphtheria (2000 Units) 234,820 213,584 91.0 
Meningococcus (30cc) 66,942 62,968 94.0 

 
Table 1. Proportion of bottles supplied by the Lister Institute to all armed     

forces that were sent to the War Office from 1914 to 1920. 
 
Table 2 compares the number of doses output with the number of doses 
sent to the War Office. In the three-year period between 1 April 1915 and 
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31 March 1918, the Lister Institute sent at least 95% of the tetanus 
antitoxin it bottled to the Army, which is consistent with the Institute’s 
continuing attempts to help meet the major military need for this product.  
 

Type of product   Output       Sent Per cent 

    
Tetanus (various doses) 360,887 343,900 95.3 
Dysentery (20cc) 190,596 167,150 87.7 
Diphtheria (2000 Units) 214,597 129,528 60.4 
Meningococcus (30cc)   47,929 38,874 81.1 

 
Table 2. Proportion of bottles output and sent to the War Office over the           

three years of the war from 1 April 1915 to 31 March 1918. 
 
In the case of diphtheria antitoxin, by contrast, the total number of doses 
sent amounted to only 60% of the output, on average, suggesting that a 
significant part of the Institute’s output may have been used to treat 
cases of diphtheria in the civilian population as before the war. 
For anti-dysentery serum, nearly 90% of output was sent to the War 
Office and more than 80% of the output of anti-meningococcus serum, 
indicating that these products were also predominantly produced by the 
Institute for military use.  

 
The Lister Institute’s contribution to War Office supplies of antitoxins and 
therapeutic sera 
 
Table 3 compares the total doses of antitoxins and sera sent by the Lister 
Institute to the War Office during the war and the post-war period of 
demobilisation with the total doses issued by the RAM College. In this 
case, doses output by the Lister Institute have been converted to the 
equivalent dosage forms listed by the official record. 
 

Type of product RAMC issue Lister doses Per cent 

    
Tetanus (500 Unit-doses) 11,099,556 962,676 9 
Dysentery (20cc-doses) 337,129 337,452 100 
Diphtheria (2000 Unit-doses) 210,099 213,584 102 
Meningococcus (15cc-doses) 101,339 125,936 124 

 
Table 3. Proportion of doses supplied by the Lister Institute compared with      

the doses issued for use by RAMC between 1914 and 1919. 
 
Tetanus antitoxin, of which the RAMC issued more than eleven million 
doses, was the serum product in greatest use by far during the war. The 
Institute provided the equivalent of nearly one million doses. Yet, despite 
devoting more than one-third of its production capacity to this product, 
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this satisfied less than one-tenth of the Army’s huge need. The War Office 
drew on both English and American sources to satisfy demand (27, 28). 
Anti-dysentery serum accounted for about a third of a million doses, of 
which the Institute contributed an amount equivalent to the total used by 
the Army. In the case of the 200,000 or so doses of diphtheria antitoxin 
issued by the RAM College, the Lister doses also amounted to about 
100%. For these two products, the data indicate that the Lister Institute 
was the key supplier during the war. 
Finally, the data suggest that the Institute supplied more doses of anti-
meningococcus serum than the 100,000 or so doses that were eventually 
issued for military use. This may indeed have been the case because 
cerebrospinal fever involved a variety of strains of meningococcus and not 
all sera were equally effective. The military obtained anti-meningococcus 
serum from a variety of sources to secure the most effective products 
(29, 30). 
 
Conclusion 
 
During WWI, the Lister Institute had close contacts with the War Office, 
Army Medical Department and RAM College, and reacted to the urgent, 
growing and changing needs of the military. At the start of the war, it 
produced tetanus antitoxin as a priority and continued to make this 
product throughout hostilities, supplying nearly one million prophylactic 
doses. This use of tetanus antitoxin in the war is well known (31, 32). 
Less widely appreciated is the extent to which efforts were made to create 
a supply of therapeutic antitoxins and sera to treat soldiers with other 
types of bacterial infection that were not well controlled during the war. 
The archives of the Lister Institute reveal the crucial role this institution 
played in furnishing the Army with diphtheria antitoxin and anti-dysentery 
serum, and contributing substantial amounts of anti-meningococcus sera. 
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