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Introduction: Insects and the diseases that they are ca-
pable to host have played a crucial role in the outcome 
of major military operations throughout recorded his-
tory. As a matter of fact, regular armies had to fight both 
against enemy uniform and invisible pathogens; the 
latter often causing battle casualties more disabling 
than bullets.
Methods: All the sources present on Pubmed and Google 
Scholar relating to the fight against Bartonella quintana 
and Rickettsia prowazeki in the military field during the 
first and second world wars were studied, with particu-
lar attention to the articles published during the wars. 
The sources were then processed in a historical-medical 
perspective.
Results: First World War (WWI) was a position war also 

if considering the fight between humans against louse; 
with the latter being controlled by rudimentary but 
science-driven hygienic measures. Contrary, during 
Second World War (WWII) human forces, thanks to 
new research and development attainments, have gone 
on the counter-offensive by “shooting flights with can-
nons”.
Conclusions: The fascinating history of Bartonella quin-
tana and Rickettsia prowazekii tells us that the war 
against armies could mirror the war against infectious 
diseases and their arthropod vectors.

Keywords: louse, trench fever, military medicine, pre-
vention.

SUMMARY

n	 ENEMIES AS INSECTS, INSECTS AS ENEMIES

Insects, and their resulting vector-borne diseas-
es, have played a pivotal role in the outcome of 

many important military operations throughout 
history. As a matter of fact, regular armies had to 
fight both against enemy uniform and invisible 
pathogens; the latter often causing battle casual-
ties more disabling than bullets [1, 2]. As cited by 
Zinsser many battles of early modern warfare “are 
only the terminal operations engaged in by those rem-
nants of the armies which have survived the camp epi-

demics” [3]. On the basis of this assumption, it is 
important to note that “exterminate” is a verb that 
is used as frequently in military terminology as it 
is in pest control. Indeed, its Latin origin refers to 
rejection beyond borders and is frequently used in 
both warfare and entomological contexts. Interest-
ingly, insects represent one of the lowest phyla of 
the animal kingdom. They were frequently cited, 
especially in the context of the Second World War 
(WWII), when people murdered in genocides 
were classified as human ‘pests’ [4].
The inner connection between insects and ene-
mies is not limited to metaphors of vocabulary. In 
the first decades of the XX century, entomologists 
and military researchers realised that some chem-
icals that are toxic to insects are also harmful to 
humans and vice versa. Thus, efforts to combat 
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natural and human enemies developed hand in 
hand. For example, the production of some ex-
plosives during the First World War (WWI) pro-
duced a by-product called paradichlorobenzene 
(PDB), which entomologists then developed into 
an insecticide [5]. Conversely, In WWII insecti-
cides used for room fumigation were experi-
mented by Nazi troops in civilian settings and in 
lager camps. It is the case of hydrocyanic acid 
(Zyklon B), sadly famous for its indiscriminate 
usage in Lager Camps [4, 5].

n	 “TAKING A HAMMER TO CRACK A NUT”

WWI and, in some scenarios, WWII have been 
characterized by overcrowded trench warfare as 
depicted in Figure 1. 
Trenches are deep holes dug by soldiers and used 
as a place from which they can attack the enemy 
while being hidden. The war historian, Sir Hew 
Strachan claimed “Trenches saved lives […] They 
protected flesh and blood from the worst effects of the 
firepower revolution of the late 19th century”. How-
ever, their unhealthy and overcrowded conditions 
had serious implications for military efficiency, 
with infection conditions playing a crucial role in 
human well-being [6] . In fact, trench fever caused 
by lice was the cause of one fifth of admissions to 
casualty clearing stations by 1917 [6]. Once again, 

a single insect was able to affect one of the most 
important events of the XX century.
In Italian informal speech “sparare ad una mosca con 
un cannone” is a common way to indicate an exag-
gerated response to a problem. Literally means “to 
shoot a fly with a cannon” and it could represent the 
English translation of “taking a hammer to crack a 
nut”. In this paper we would like to give some real 
feedback on the cited slang; reviewing the way the 
military corps have addressed their efforts against 
louse and the most famous disease they spread, 
called trench fever.

n	 THE LOUSE PROBLEM IN WWI AND EARLY 
RESEARCH ON TRENCH FEVER

In 1915, Major John Graham, a British medical of-
ficer on the Western Front of WWI, reported the 
first case of a new febrile illness with puzzling 
symptoms and difficult classification [7]. Soon the 
same symptoms spread to the front-line troops 
scattered throughout the 4000-mile network of 
trenches in France. For this reason, the new dis-
ease was called trench fever; it entered first into 
military parlance and later into scientific litera-
ture. The typical course of the disease was charac-
terized by 2-4 days of fever, which recurred at 
5-day intervals and a recovery only after several 
weeks [7, 8]. As there was enough early suspicion 
of an infective origin spread by an insect vector, in 
1915 an entomologist, Alexander David Peacock 
(1886-1976), was assigned by the British army to 
investigate the transmission of the new disease [9]. 
As the disease occurred mainly in winter, mosqui-
toes and flies were not considered important vec-
tors. In fact, Peacock did a 6-month study on the 
body louse examining 274 soldiers and concluded 
that 95% of them were infested (the average num-
ber of lice per man was 20 and about 5% of sol-
diers were infested with more than 130 lice). 
Louse, in warm surroundings migrate from one 
host to another in close proximity, e.g. in beds 
where two people sleep together or in person-to-
person contact [10]. Hence, lice were capable of 
massive transmission of diseases in trench over-
crowded dorms. It is estimated that by the end of 
the war more than 1 million troops were infected 
in such unhealthy circumstances [8]. Nevertheless, 
for 3 long years the transmission modality and the 
causative agent of trench fever were unknown and 
strongly debated. A turning point was the estab-

Figure 1 - Example of an overcrowded trench on the 
southern section of Gallipoli Peninsula during World 
War I. The men belong to the Royal Irish Fusiliers. 
https://commons.wikimedia.org/wiki/File:Soldiers_in_trench.jpg
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lishment of the British War Office’s Trench Fever 
Investigation Commission (TFIC) in 1916, chaired 
by David Bruce (1855-1931), the discoverer of the 
cause of brucellosis. At the same time, the Ameri-
can Red Cross founded the Medical Research 
Committee (MRC), which was also concerned 
with research into trench fever. Through the joint 
efforts of the British and Americans, it was possi-
ble in 1918 to prove that the disease was transmit-
ted by lice, which was not an easy task [11, 12].

n	 A NON-HUMAN ENEMY UNVEILED  
IN WWI WARFARE SCENARIO

As shown above, the human body louse Pediculus 
humanus corporis (Figure 2) was recognized as the 
spreader of trench fever and it became another en-
emy in the warfare scenario [7]. Human body louse 
is an obligate bloodsucking ectoparasite of human 
and shares with head louse, Pediculus humanus ca-
pitis, the almost totality of genomic content except 
for one gene expression [13]. It has co-evolved with 
its primate host over thousands of years and has 
become the main vector of three bacteria patho-
genic to humans: Rickettsia prowazekii, Borrelia re-
currentis and Bartonella quintana. Only in 1920 Rick-
ettsia quintana, further reclassified as Bartonella 
quintana, was consistently found in the gut and fe-
ces of lice and its causative role in trench fever was 
accepted [7, 13]. Body lice become infected by 

blood meals from an infected patient, who is aban-
doned when fevered (the febrile state of the pri-
mary host almost doubles the migration). Trans-
mission to uninfected persons occurs through the 
feces or crushed bodies of infected lice which con-
taminates bite sites, conjunctiva, mucous mem-
branes or microlesions of the skin [10, 14].

n	 POOR WEAPONS DISPLACED AGAINST  
THE DISEASE IN WWI

It is of interest to analyze what weapons were 
used by the armies on the Western Front during 
the WWI to contain this debilitating disease and 
its spread. We would like to recall that back then 
there was no pesticide or infection control tech-
nique that was 100% effective in eliminating the 
vector of trench fever; therefore, the disease con-
tinued to spread until the end of the war. In fact, 
the usual methods used in the camp laundries to 
kill lice and their eggs were not effective because 
the water used was too low a temperature and 
soapy water does not harm the parasites in ab-
sence of prolonged immersion [10]. At that time, 
NCI (naphthalene 96%, creosote 2% and iodoform 
2%) was the most effective product against adult 
lice (not being ovicidal). Nevertheless, the military 
was unable to procure NCI in sufficient quantities 
because it was derived from coal tar, most of which 
was used in the manufacture of explosives [7, 9].
In the absence of sufficient pesticides, soldiers of-
ten resorted to self-delousing by manually picking 
lice and eggs off their clothing. In addition, the in-
spection was strongly quoted by Nuttall. Dr Hamer 
of the London County Council, who decided that 
beds had to be examined weekly in common lodg-
ing-houses. Throughout one year, lice were found 
in 12 to 31 % of the beds [10]. Furthermore, the Brit-
ish army published a list of recommendations de-
signed to minimize louse infestation, known as 
Department of Government Circular Memoran-
dum No. 16. Theoretically, men were stripped and 
their clothes examined at least weekly, and the man 
bathed at least once every 2 weeks [15].
The main garments disinfection technique relied 
on Tresh Disinfector, developed by Thresh Disin-
fector Company of 66 Victoria Street, Westminster, 
London, which was a device using low pressure 
steam together with hot air (Figure 3) [16]. Tresh 
Disinfectors were sometimes mounted on wheels 
and horse-drawn, as shown in Fig 3. Nevertheless, 

Figure 2 - Human body louse model (Pediculus hu-
manus corporis), vector of Trench fever. Typical size is 
2 to 4 mm. Otis Historical Archives of “National Muse-
um of Health & Medicine”. 
https://commons.wikimedia.org/wiki/File:3509017202_1c9ee5c3bb_
oPediculus.jpg
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this potential large-scale method of disinfestation 
was limited by the restricted number of available 
machines. The ‘Russian Pit’ was another hot-air 
delouser, with a much larger capacity; it therefore 
did not reach the Western Front until 1918 [17].

n	 NOT ONLY TRENCH FEVER DURING WWI

While The Western Front was afflicted by Barton-
ella quintana; the Eastern Front was hardly stricken 
by another infectious disease transmitted by lice, 
Epidemic Typhus; which has been known for cen-
turies. Epidemic Typhus was a constant threat to 
troops because its causative agent, a rickettsia, 
was present in all populations, often in a latent or 
asymptomatic phase called Brill-Zinsser disease 
[18]. Infection is sustained by R. prowazekii and is 
transmitted similarly to trench fever; however, 
transmission is conveyed also by inhalation of 
aerosolised dried faeces and symptoms are more 
severe [19]. The outbreak of WWI started in Ser-
bian army in 1914 and moved to Central and East-
ern Europe. It is estimated that between 1917 and 
1925, 25 million people in Russia contracted this 
form of typhus, of whom 3 million died of the dis-
ease. It is noteworthy that one third of the Red 
Army doctors contracted the infection and 20% of 
them died, even though the body louse was 
known to carry the disease [19]. As a matter of fact, 
in 1909 Stanislaus von Prowazek (1875-1015) had 
discovered the role of lice in transmission of this 
form of typhus and in 1914 he confirmed the ob-
servations of Howard Taylor Ricketts (1871-1910) 

about a Rickettsial origin of the disease [18]. Dur-
ing the Russian Revolution, overcrowding, chaos, 
the collapse of medical and public health services, 
and a critical shortage of soap and fuel contribut-
ed to an ongoing epidemic. A British officer de-
scribed the situation in Rostov around Christmas 
1919. “There was no fuel to thaw water or heat it for a 
bath, or to wash clothes in; waterpipes had frozen and 
burst; [...] you could not move a step without running 
the risk of infection. The railway stations and the trains 
were the worst typhus traps” [20]. Even though it 
had been known for centuries, as with trench fe-
ver, there were no reliable treatments and no 100% 
effective control measures. In fact, the basic strate-
gies for controlling lice were laid out by Dr K. F. 
Flerov in early 1919. These methods included iso-
lating patients, disinfecting their clothes and 
rooms, setting up lice-free hospitals, shaving men 
and kerosene or benzene pre-treatment. Fumiga-
tion with sulphur or benzene was also an accept-
able disinfection method [20].
Public health and military authorities of Russia 
tried to focus their resources on railway passenger 
control and on 6 December 1919 a week of railway 
stations cleanse was proclaimed. In the same year, 
disinfection teams were treating 40-50,000 passen-
gers daily in Moscow train stations and about 300 
disinfection stations were erected alongside the 
railways and waterways. The louse control was 
such an important issue that Lenin remarked “All 
attention to this problem, comrades. Either lice will 
conquer socialism, or socialism will conquer lice.” He 
knew that only winning the horizontal war against 
the louse it would be possible to win the vertical 
one against the human enemies [2, 20].

n	 HYGIENE, THE FIRST BULLET AGAINST  
THE DISEASE

In summary, R. prowazekii and Bartonella quintana 
are the causative agents of trench fever and epi-
demic typhus, two wartime diseases that occur in 
the cold months when warm clothing and inade-
quate hygienic conditions favour the multiplica-
tion of lice [21]. In WWI, military commanders 
realised that their soldiers would lose on the bat-
tlefield if lice won in the trenches. Therefore, 
headquarters tried to protect their own troops 
from insect-borne diseases, mainly by recom-
mending hygiene and mechanical removal of lice. 
The Hygiene response was clearly obtained after 

Figure 3 - Rare image of a WWI Thresh Disinfector. 
Beamish The Living Museum of the North.
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WWI, with first vaccines development. As a mat-
ter of fact in 1930 Rudolph Weigl (1883-1957) in 
Poland discovered a vaccine against epidemic ty-
phus by smashing the intestines of lice infected 
with R. prowazekii [22]. Interestingly, an attenuat-
ed live R. prowazekii vaccine against epidemic ty-
phus is now also available, although being infre-
quently used [21].

n	 CHANGING PARADIGM, FROM PREVENTION 
TO LOUSE EXTERMINATION

During WW II, 901 cases of trench fever were re-
corded among the American expeditionary forces 
in Europe. The number of cases of epidemic ty-
phus, on the other hand, was only 47. Further-
more, in the years 1942-1945, there were only 30 
cases of typhus; without typhus deaths among 
members of the US army in the North Africa-Mid-
dle East-Mediterranean zone [23]. Colonel Long, 
Chief Consultant in Medicine, made some inter-
esting observations when he visited the overrun 
German military hospitals in Merano and Cortina 
D’Ampezzo, Italy, in 1945. He conferred with Ger-
man medical officers as follows: “Trench fever (Vol-
hynia fever). There were hundreds of cases of this 
louseborne disease among [German] troops in the 
Mediterranean area in the winters of 1943-44, 1944-45. 
It reached epidemic proportions in German troops in 
Russia” [24]. Nevertheless, the extension of rickett-
sial diseases was not as prevalent in the Second 
World War as it was in the First. The reason for this 
is unclear, and various ambiguities remain about 
the true nature of the disease definition in avail-
able documents.
Control of Lice in WWII still included delousing of 
individual soldiers and disinfestation of clothing, 
equipment, and vehicles. Nevertheless, one of the 
first research goals of the US Medical Department 
was an effective lousicide. In 1942, the Bureau of 
Entomology developed a product called the MYL 
formula, which was an effective killing agent. 
Since then, a portable field chamber for disinfect-
ing clothing and bedding using methyl bromide 
vials replaced the earlier devices [25].
Army research played an important role in the de-
velopment of an effective delousing chemical. In 
1940, the United States realised that the country 
could perish in the ongoing global conflict, and as 
war scenarios played out overseas and in the Pa-
cific, the prevention and control of diseases caused 

by arthropods became an urgent task on the mili-
tary agenda [26]. Thus, experts were rapidly en-
rolled in the army and by 1943 there were 723 en-
tomologists in the military corps. Specially trained 
personnel were recruited to combat not only ty-
phus but also malaria, tsutsugamushi fever and 
the plague of bed bugs in the barracks. In the 
meantime, the US Secretary of War established the 
United States of America Typhus Commission. 
The commission’s studies, research and recom-
mendations led to the development of diagnostic 
tests, improved treatment methods and the pro-
duction of an effective vaccine [27, 28].
The control of lice was a priority task for US re-
search and development investments during the 
war years, as severe typhus epidemics had occurred 
in various war zones, including Egypt and French 
North Africa [2]. Enforced personal hygiene and ef-
fective coordination between medical personnel 
and troop commanders were probably a significant 
factor in the success of vector control. While WWI 
was a war of physical disinfestation, World War II 
saw the introduction of efficient chemical disinfes-
tation that forever changed the role of lice in wars 
and humanitarian crises. In fact, biomedical re-
search led by the Orlando Laboratory of the Bureau 
of Entomology and the Food and Drug Administra-
tion reached the discovery that made the history of 
fighting arthropod-caused infections: dichlorodi-
phenyltrichloroethane (DDT) [29].
When DDT was turned over to the United States 
Government in the fall of 1942, it was immediately 
tested against the louse. The 10% dust was found 
to be a potent killing and disinfecting agent and all 
available DDT was used in typhus-infested areas. 
Interestingly, it was demonstrated that dusting the 
individual fully clothed was an effective control 
measure. In this way, many infested civilians, refu-
gees and prisoners of war could be treated. Thanks 
to DDT, lice infestation among American troops 
was reduced to a minimum and the danger of dis-
ease never occurred [25].
The passive entomological warfare was vital to US 
troops during the invasion of Italy. When typhus 
threatened to decimate the American soldiers after 
they landed in Naples, a massive lice control pro-
gramme was launched started and more than 3 
million people were dusted with 127 tonnes of 
DDT [30]. It’s large-scale production together with 
the discovery of methyl bromide fumigation 
(100% efficacy in killing lice and their eggs) were 
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undoubtedly responsible for the remarkably low 
incidence of typhus in Army personnel [1]. The 
war against lice was already and definitively won 
in 1945; as stated by F.C. Bishopp, Assistant Chief 
of the Bureau of Entomology and Plant Quaran-
tine: “It is safe to say that with our present defensive 
weapons against epidemic typhus in hand, our own 
military forces are not likely to suffer seriously in any 
event [...]” [1].

n	 CONCLUSIONS

From this brief consideration, it is clear that the 
louse and every form of typhus transmitted by it 
played a decisive role in the war casualties record-
ed in the First and Second World Wars. All conti-
nents and points of the compass were affected by 
the two diseases considered, which were priori-
tized in the military agenda for up to half a cen-
tury [1]. The fascinating story of Bartonella quin-
tana and Rickettsia prowazekii shows us that the war 
against armies could be a mirror image of the war 
against infectious diseases and their arthropod 
vectors. We believe that the First World War was 
also a war of position, considering the battle be-
tween humans and lice, the latter being combated 
by rudimentary but scientifically based hygienic 
measures. Contrary, during the Second World War 
human forces, thanks to new research and devel-
opment attainments, have gone on the counter-
offensive by “shooting flights with cannons”.
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