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Bacterial zoonotic diseases such as leptospirosis, Q fever, melioidosis, spotted fever group rickettsioses,
and brucellosis are increasingly recognized causes of non-malaria acute fevers. However, though readily
treatable with antibiotics, these diseases are commonly misdiagnosed resulting in poor outcomes in
patients. There is a considerable deficit in the understanding of basic aspects of the epidemiology of these
neglected diseases and diagnostic tests for these zoonotic bacterial pathogens are not always available in
resource-poor settings. Raising awareness about these emerging bacterial zoonoses is directly beneficial to
the patients by allowing a test-and-treat approach and is essential to control these life-threatening diseases.

INTRODUCTION

Historically, malaria was considered the most com-
mon infectious cause of fever in tropical countries. In
2018, an estimated 228 million cases of malaria occurred
worldwide, mostly in Africa (93% of cases), and there
were an estimated 405,000 deaths from malaria globally
[1]. Arboviral infections such as dengue are also common
causes of acute febrile illness in tropical countries with
more than one third of the world’s population living in ar-
eas at risk for infection [2]. However, significant over-di-
agnosis of malaria in different parts of Africa and Asia
has been recently reported. Similarly, clinical suspicion
overestimates the true number of dengue patients [3,4].
Studies have shown that bacterial zoonoses such as lepto-
spirosis, Q fever, melioidosis, spotted fever group rickett-
sioses, and brucellosis are major causes of non-malarial
febrile illness [5-14]. Most of these bacterial infections

are considered as emerging and neglected diseases and
have been much less investigated than malaria or viral
illnesses.

As identification of a bacterial etiology opens av-
enues to the administration of lifesaving antibiotics, a
“test-and-treat” approach targeting bacterial infections
causing endemic and/or epidemic febrile illness is directly
beneficial to patients. On the contrary, if untreated, acute
fever of bacterial origin can progress to cause multiple
organ failure and death. However, these bacterial infec-
tions are often undiagnosed or misdiagnosed as a result of
non-specific clinical manifestations, lack of specific and
sensitive diagnostic tests, and low awareness amongst
clinicians.

Bacterial zoonoses not only affect human health,
but also livestock farming and agricultural development.
Zoonotic diseases, such as brucellosis and leptospirosis
can lead to infertility, loss of milk, and abortion in live-
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Table 1. Priority neglected zoonotic diseases according to WHO.

Disease Pathogen
Buruli ulcer Bacteria
Chagas disease Parasite
Dengue and Chikungunya Virus
Dracunculiasis (guinea-worm disease) Parasite
Echinococcosis Parasite
Foodborne trematodiases Parasite
Human African trypanosomiasis (sleeping sickness) Parasite
Leishmaniasis Parasite
Leprosy (Hansen'’s disease) Bacteria
Lymphatic filariasis Parasite
Mycetoma, chromoblastomycosis and other deep mycoses Fungi
Onchocerciasis (river blindness) Parasite
Rabies Virus
Scabies and other ectoparasites Parasite
Schistosomiasis Parasite
Soil-transmitted helminthiases Parasite
Snakebite envenoming other
Taeniasis/Cysticercosis Parasite
Trachoma Bacteria
Yaws (Endemic treponematoses) Bacteria

In 2013, the 66th World Health Assembly established a list of selected neglected tropical diseases that could be targeted to improve
the health and social well-being of affected populations [68]. The list was updated in 2017 with the addition of chromoblastomycosis
and other deep mycoses, scabies and other ectoparasites and snakebite envenoming [69].

stock, causing great economic or subsistence-resources
losses. For example, economic burden of brucellosis, for
which the main symptom in cattle is repetitive abortions,
was estimated at US$60 million per year when the preva-
lence was around 5% in Argentina, and in Nigeria losses
were estimated at US$575,605 (prevalence 7% to 12%)
[15]. In New Zealand, the cost of human and animal lep-
tospirosis was estimated at US$18.80 million a year [16].

No bacterial zoonotic disease is included in the list
of 20 neglected tropical diseases identified by the World
Health Organization (WHO) (Table 1). Leptospirosis,
rickettsioses, and other bacterial zoonotic diseases are
lacking the advocacy required to mobilize political
support and funding from non-governmental agencies
(NGOs) for their control in endemic countries [17]. When
comparing global investment levels on the basis of bur-
den of disease by disability-adjusted life years (DALYSs)
across 18 infectious diseases, including neglected dis-
eases such as dengue, leptospirosis was ranked last [18].
Funding for malaria research from 2000 to 2017 was
US$5.6 billion, 80 times that for leptospirosis (US$0.07
billion) [19,20] (Table 2).

A better understanding of the local epidemiology
of zoonotic pathogens contributing to the burden of fe-
brile diseases is essential for clinicians and diagnostic
laboratories. More importantly discriminating between
bacterial infections and other causes of fever is of great
importance to triage patients in need of antibiotics. One
Health approaches are also particularly relevant for the
management, prevention, and control of bacterial zoono-
ses.

BACTERIA CAUSING NON-MALARIAL
FEBRILE ILLNESSES

Many studies have shown the importance of con-
ducting surveys on the etiologies of acute febrile illness-
es to identify regional and seasonal specificities and the
changing patterns of the different etiologies, especially
in the context of a decreasing incidence of malaria. For
example, the diagnosis of inpatients admitted with fever
in Tanzania between 2007 and 2008 was only of 1.6%
for malaria, while bacterial zoonoses were identified
among 26.2% patients; 13.6% had brucellosis, 33.9%
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Table 2. The burden of malaria and neglected tropical diseases expressed in disability-adjusted

life years (DALYSs).

Disease DALY per 100,000 Reference
Malaria 897.6 (728.1-1094.8) [70]
Melioidosis 84 (57-120) [35]
Cholera 65 (49-84) [71]
Leishmaniasis 58.6 (48.2-69.7) [70]
Schistosomiasis 42.1 (23.3-77.8) [70]
Leptospirosis 42 (18.1-66) [72]
Lymphatic filariasis 28.9 (15.7-47.1) [70]
Rabies 17.3 (12.7-21.2) [70]
Dengue 15.8 (10.1-27.4) [70]
Scrub typhus 13* [45]

*2012, Laiwu, China

had leptospirosis, 20.3% had Q fever, 30.5% had spot-
ted fever group rickettsioses and 1.8% had typhus group
rickettsioses [7]. A similar study in the same location
has shown that the leptospirosis incidence has dropped
from 75-102/100,000 people during 2007-2008 to 8-11
cases/100,000 people during 2012-2014 [21], while the
incidence of brucellosis remains stable to 33-35/100,000
people [22]. In a recent review on zoonotic causes of fever
in malaria-endemic countries, the majority of zoonoses
(17 out of 30) were identified as bacteria and Leptospira
and non-typhoidal Sa/monella were the most frequently
reported pathogens [13].

EXAMPLES OF NEGLECTED BACTERIAL
PATHOGENS

Febrile illness can be attributable to many bacterial
zoonotic pathogens (Table 3). Zoonotic pathogens such as
Coxiella burnetii (Q fever) and Bartonella henselae (cat
scratch fever) [13] will not be considered here because
only limited evidence is available for their contribution
to the burden of febrile illnesses in communities. The
agent of salmonellosis and other foodborne zoonoses,
common in both developing and industrialized countries
and bacterial pathogens occurring in only few locations
(ie, plague) will also not be considered here.

Leptospira (Leptospirosis)

Leptospirosis is a zoonosis of global distribution
frequently considered to emerge or re-emerge [23,24].
Annually, an estimated 1.03 million cases of leptospirosis
lead to almost 60,000 deaths worldwide, a global burden
in the same range as schistosomiasis, leishmaniasis, or
lymphatic filariasis [25] (Table 2).

Pathogenic Leptospira can virtually infect any mam-

mal. The natural or maintenance hosts usually have no
or mild symptoms after infection. In contrast, accidental
hosts such as humans may develop severe, sometimes
even lethal, disease. In many mammals, leptospirosis is
a reproductive disease associated with fetal deaths and
abortions [26]. Virulent leptospires reside in the kidney
tubules of reservoir animals and are excreted within the
urines in the environment where they are assumed to
only survive, but not multiply [27]. In humans, infections
mostly occur through exposure to contaminated water
and soil environments, during both occupational and
recreational activities. Due to the non-specific clinical
presentation, biological confirmation is required, but
tests are not always available, and they have been re-
ported with varying diagnostic performances in distinct
countries [28,29]. Medical treatment relies on first-line
antibiotics like amoxicillin, erythromycin, or 3™ genera-
tion cephalosporins that should be given in the first days
of symptoms upon suspicion and without awaiting the
results of laboratories [30]. Vaccination is available for
animals and humans but the inactivated whole-cell vac-
cines confer short term protection and do not cross-pro-
tect against the large number of pathogenic serovars [31].
There is reasonable evidence that animal vaccination has
successfully decreased the burden of human leptospirosis
in New Zealand [32]. Prevention therefore mostly relies
on personal protective equipment and general hygiene
together with increased awareness in at-risk populations.

Burkholderia (Melioidosis)

Melioidosis is an environment-borne bacterial
disease caused by Burkholderia pseudomallei with the
highest burden in Asia (Thailand) and the Pacific (Austra-
lia) [33], but the disease is also increasingly recognized
throughout the tropics in both the African and American
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Table 3. Selected bacterial zoonoses.

Zoonotic Causative Region Main Mode of transmission Treatment (ATB)
disease pathogen reservoirs to humans
Brucellosis Brucella spp. Worldwide Cattle, goats,  Ingestion of Doxycycline +
sheep, pigs, unpasteurized rifampicin
and dogs; dairy products or
marine undercooked meat,
mammals (B.  contact with mucous
pinnipedialis membranes and broken
and B. ceti) skin
Ehrlichiosis Ehrlichia spp. Southeastern  Sheep, cattle,  Tick bite Doxycycline
and south- deer, dogs,
central United and cats
States
Leptospirosis Leptospira spp. Worldwide Rodents, Contact of mucous Doxycycline,
cattle, dogs, membranes, and penicillin or
pigs, water, broken skin with cephalosporins
and soil surface water or soil
contaminated with urine
of infected animals
Murine typhus  Rickettsia Temperate Rats Contact with flea Doxycycline
prowazekii and countries infected feces or flea
Rickettsia typhi bite
Melioidosis Burkholderia spp.  Southeast Sheep, goats, Percutaneous Trimethoprim-
Asia and and pigs, soil inoculation, sulfamethoxazole
northern and water contamination of or Amoxicillin/
Australia wounds, ingestion of clavulanic acid
soil or contaminated
carcasses, or inhalation
Spotted Fever  Rickettsia United States/ Dogs Tick bite Doxycycline
rickettsii, Europe/ Africa
Rickettsia conorii,
Rickettsia africae,
etc
Anaplasmosis  Anaplasma Upper Cattle, sheep, Tick bite Doxycycline
phagocytophilum  midwestern goats
and
northeastern
United States/
Northern
and central
Europe
Q fever Coxiella burnetii Worldwide Sheep, goats, Inhalation of aerosols Doxycycline
and cattle
Cat scratch Bartonella Worldwide Cats Scratch, bite or by Azithromycin
fever henselae infected saliva through
broken skin
Scrub typhus Orientia Asia and Rats Mite (“chigger”) bite Doxycycline
tsutsugamushi Australasia

continents [33]. Most cases are thought to occur in rural
locations with limited access to diagnosis [34]. Melioido-
sis is considered to cause 165,000 cases annually, with as
many as 89,000 deaths, illustrating its high fatality rate

[33]. Its global burden in terms of DALYs is relatively
high [35] (Table 2). Although zoonotic, melioidosis in
humans mostly originates in water and soil; direct infec-
tion from an animal source is likely rare [34]. Similarly
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to leptospirosis [27], the incidence of melioidosis is under
strong influence of the weather and climate, with heavy
rain caused by the monsoon or cyclones triggering ex-
posure to the pathogen [36,37]. Humans and animals are
infected through skin or respiratory contact with water,
water droplets, or soils contaminated with B. pseudo-
mallei. Most infections are spontaneously cleared by
the immune response and only evidenced by serology.
People with diabetes are more severely affected by in-
fections [34]. Another subset of infected people (ca. 4%)
get into a latent asymptomatic infection, with possible
clinical manifestations months to years after infection
[38]. Patients frequently present with pneumonia, with
or without bacteremia, sometimes evolving towards sep-
tic shock. Clearing the pathogen from an infected body
requires specific and prolonged antimicrobial therapies,
notably because of the ability of the bacteria to survive
inside macrophages [34]. Due to high level of exposure
to B. pseudomallei and other closely related species, the
serological diagnosis is of very small utility. Therefore,
the preferred biological confirmation relies on culture
isolation, whereas molecular detection is rarely used
[34]. Although B. pseudomallei is classified as a potential
bioterrorism agent and imposes a high burden in endem-
ic areas, there has been no vaccine candidate registered
or even reaching clinical trials in humans [34]. Besides
personal protective equipment and behavior, especially
for people with diabetes, there has not been strong prog-
ress made in the prevention and control of melioidosis
[39,40].

Scrub Typhus and Other Rickettsiales Infections

Pathogens in the genera Orientia, Rickettsia, Ehrli-
chia, and Anaplasma are obligate intracellular bacteria in
the Order Rickettsiales and Families Rickettsiaceae and
Anaplasmataceae. All of these Rickettsiales have at least
part of their lifecycle in arthropod vectors such as ticks
(spotted fever, anaplasmosis, and ehrlichiosis), fleas (mu-
rine typhus), or mites (scrub typhus) (Table 3). Spotted
fever group rickettsioses, typhus group rickettsioses, and
human granulocytic anaplasmosis are causes of acute fe-
brile illnesses worldwide. Human monocytic ehrlichiosis
also results in acute febrile illness across the Americas,
whereas scrub typhus occurs mostly in Asia and Austral-
asia, even though cases have been recently identified in
the Middle East, Africa, and South America suggesting
that this disease may be more widespread than previously
appreciated [41]. For most rickettsial infections, poor out-
comes can occur without early identification and specific
antibiotic treatment, usually with doxycycline. There is
no vaccine available for any rickettsial infections includ-
ing scrub typhus. Prevention mostly relies on avoiding
contact with arthropod vectors by changing agricultural
practices, for example.
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Emerging infections with new Ehrlichia and Ana-
plasma species have become more frequently diagnosed
as the cause of human infections, as animal reservoirs and
tick vectors have increased in numbers and humans have
inhabited areas where reservoir and tick populations are
high [41]. Although ehrlichiosis, anaplasmosis, murine
typhus, and spotted fever are globally emerging, a better
burden estimate of these causes of acute fever is needed
and only scrub typhus will be considered here. Scrub
typhus (caused by Orientia tsutsugamushi) has been
considered the most important rickettsiosis in densely
populated countries in Asia [42,43]. It was estimated that
there are one million cases each year [43] and mortality
rates range from 1.5% if treated to 6% if untreated [44].
A single study from eastern China estimated the average
DALYs at 9 between 2006 to 2012 with a constant in-
crease over the years [45] (Table 2).

Brucella (Brucellosis)

Caused by various Brucella species (mostly Bru-
cella melitensis), brucellosis is one of the most common
bacterial zoonotic diseases affecting cattle, swine, goats,
sheep, and causing over 500,000 human cases throughout
the world every year but the burden is probably largely
underestimated and far higher [5,46]. In the autonomous
region of Inner Mongolia, China, the incidence of human
brucellosis was estimated to be close to 300,000 new
cases from 2010 to 2014 [46]. Exposure to a Brucella-
contaminated environment, mainly through the ingestion
of unpasteurized dairy products and direct contact with
infected animals, results in non-distinct acute or chronic
febrile illness in humans, usually not fatal. Although live-
stock vaccination against brucellosis has been effective in
reducing the burden of disease in many parts of the world
[5], the current vaccines cannot protect against all Brucel-
la species. Doxycycline in combination with rifampicin
remains the most common treatment of brucellosis in
humans. Successful reduction of human brucellosis has
been obtained by the systematic pasteurization of milk
and milk products combined with animal vaccination
programs [47].

FUTURE DIRECTIONS

Diagnostic Tools

The bacterial zoonotic pathogens described above
are notoriously difficult to diagnose either because the
early symptoms and signs are nonspecific, often mimick-
ing malaria or viral illnesses, or rapid diagnostic tests are
not available in resource-poor settings where the highest
burden occurs. Delay in the diagnosis or misdiagnosis
can lead to fatal outcomes stressing the need for develop-
ing rapid point of care diagnostic tests particularly for re-
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source-poor countries. Distinguishing between infections
of bacterial and viral etiology by pathogen detection (see
below) or identification of specific biomarkers will be
particularly important for antibiotic treatment decisions.
Patients are rarely tested for the full range of pathogens
responsible for acute fever. New diagnostic assays that
can detect infections with the full range of febrile illness
agents are urgently needed [48]. Multiplex PCR assays
or multiplex immunoassays would be highly valuable to
screen populations with acute febrile illnesses. Multiplex
PCR assays targeting specific genes of Orientia tsut-
sugamushi, Rickettsia typhi, and Leptospira interrogans
[49] or chikungunya virus, dengue virus, and pathogenic
Leptospira [50] or malaria, dengue virus, and Leptospira
[51] have thus been described. A new high-throughput
virus-detection assay based on microfluidic PCRs be-
ing able to detect a wide range of viruses in thousands
of collected mosquitoes or ticks was recently developed
[42,43]. A similar high-throughput chip system capable
of detecting bacterial zoonotic pathogens in one blood
sample would be particularly useful. Primers and probes
specifically targeting bacterial zoonotic pathogens and vi-
ruses could be used to perform large scale epidemiological
survey screening of patients with acute febrile syndrome;
considering that for each pathogen, the detectable load
in blood may depend on the time of sampling (days after
illness onset). A mobile suitcase laboratory containing all
equipment and reagents for performing isothermal ampli-
fication assays of different pathogens in field studies can
be used [52,53]. As antibodies can take more than 1 week
to be reliably detected, serology may not be appropriate
for early diagnosis and initiation of adequate treatment.
However, antibody-based assays are informative in terms
of understanding the exposure of populations to different
pathogens. A multiplex immunoassay with key specific
immunodominant epitopes was designed to discriminate
antibody responses (both IgM and IgG) to eight tick-
borne pathogens such as Anaplasma phagocytophilum
(human granulocytic anaplasmosis) and Rickettsia rick-
ettsii (Rocky Mountain spotted fever) [42].

For assays described above, the instrument used can
be costly and not available at an affordable price to most
of the world’s lower income countries. It is recommended
to identify reference laboratories where this technology
could be developed but the major challenge remains the
development of new low-cost diagnostic tests to support
large epidemiological studies.

Clinical Surveys and Syndromic Approach

In contrast to infections that cause diarrhea and
pneumonia [54,55], we lack true estimates of infections
that cause unspecified febrile illnesses. The information
gained from syndrome surveillance will be of importance
for clinicians but also for prioritizing resource alloca-
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tions and identifying potential preventive measures (see
below). Clinical surveys targeting patients with acute fe-
brile illness visiting in hospitals or admitted in intensive
care units should be best conducted along a whole year to
cover all seasons. Furthermore and in order to optimize
the medical gain from the investigation and to cover wid-
er diagnostic fields, the cohort of febrile patients should
be investigated for broader range of possible etiologies
including bacteria (in the frame of a composite diag-
nostic package targeting treatable life-threatening acute
bacterial infections such as leptospirosis, brucellosis, me-
lioidosis, ricketsiosis, borreliosis, gram negative sepsis,
etc.). A recent meta-analysis showed that there is a lack of
consensus on definitions of cases and study design, het-
erogeneity in the tested pathogens and adequate methods
of data analysis [56]. There is a need for new studies with
stringent epidemiological and diagnostic criteria.

One Health and Interventions

One health or “the collaborative efforts of multiple
disciplines working locally, nationally, and globally, to
attain optimal health for people, animals and our environ-
ment” has been defined almost two decades ago as “a new
imperative” [57]. Bacterial zoonoses, reaching humans
through arthropod vectors, food of animal origin, direct
or indirect contact with infected animals or acquired by
humans and animals in the same environment, should be
considered into the One Health conceptual framework.
There are striking examples illustrating the benefits of
this concept for human health. Among the most evident
is the use of animal vaccination to avoid pathogen spill-
over to humans that notably allowed the quasi-eradica-
tion of human rabies in Europe through the vaccination
of domestic, but also wild carnivores [58]. There is also
evidence that animal vaccination can decrease the burden
of human leptospirosis as described above [32]. Other an-
imal-based strategies are based on multiple interventions,
including “test-and-treat,” livestock culling, sometimes
combined with vaccination, which is largely used in the
control of brucellosis in ruminants [59]. Combined with
improved sanitation of milk and milk products, these an-
imal-oriented strategies have resulted in major improve-
ments in human health [60]. In arthropod-borne zoonotic
diseases, a better knowledge of the biology and ecology
of both the host and the vector proves useful to help de-
lineate the infection risk. This is especially important for
pathogens like Rickettsia and Orientia for which no vac-
cine is available [43]. The ecological modeling can nota-
bly help target control and prevention strategies which in-
clude reservoir or vector control [61,62]. Lastly, in some
zoonoses, soil and water act as the reservoir where both
humans and animals get infected (eg, melioidosis) or as a
“secondary passive” reservoir (eg, leptospirosis), a better
knowledge of the ecological conditions of the pathogen
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development or survival is needed to better comprehend
the risk. Studies focusing on understanding the ecologi-
cal niche [33] or the lifestyle and habitat of the pathogen
[27,63] are of prime importance to inform public health
prevention and interventions.

Lobbying and Policy Changes

All disease control measures require a substantial
amount of financial support that is usually unavailable for
the developing countries. Bacterial zoonoses are not yet
recognized as neglected diseases by the WHO, despite
data that illustrate their high incidence and prevalence
and the potential morbidity and costs to human life and
livestock farming. Of the 20 diseases on WHO’s list of
NTDs, only five are zoonoses: Taenia solium, cysticer-
cosis, echinococcosis, leishmaniasis, rabies, and human
African trypanosomiasis (HAT). None are bacterial zoo-
noses. Including these zoonotic pathogens in the WHO
list of NTDs would facilitate funding to implement zoo-
noses control programs [64]. A better disease burden esti-
mate of causes of fever in developing countries would be
most useful for policy and decision makers. Future goals
should therefore include the evaluation of the impact of
zoonoses by assessing parameters such as disease preva-
lence, incidence, morbidity, mortality, and economic loss.
This should allow to estimate the burden and compare
with other infections and identify the priority animal dis-
eases to be tackled and to conceive effective diagnostic
and preventive measures against these bacterial zoonotic
infections.

A critical aspect for disease surveillance and risk
assessment will be to ensure results comparability across
territories, contrasted ecosystems and populations to
allow data integration that generates a meaningful inter-
pretation of the infectious risk at the regional and global
scales. To this end, shared multi-partner protocols are
warranted using similar case definitions, diagnostic tests
with recognized performance and well-identified target
populations as recently typified by the project FIEBRE
[65]. In this regard, international networks of research in-
stitutions that have developed a tradition of collaboration
and sharing are in a privileged position to structure such
systemic approaches. This is the case of the Institut Pas-
teur International Network (IPIN) which brings together
32 institutions conducting research and surveillance on
infectious diseases in extremely diverse ecosystems dis-
tributed over the five continents and which has included
in its strategic scientific plan this vision for multidisci-
plinary and multipartner coordinated actions [66].

CONCLUSION

Despite causing relatively high mortality and mor-
bidity, bacterial zoonotic diseases causing human febrile
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illness are poorly recognized even among the so-called
“neglected tropical diseases.” A major problem in tack-
ling these bacterial zoonoses is that they are often difficult
to diagnose and are frequently misdiagnosed. However,
these bacterial zoonoses are treatable with antibiotics and
many of them are entirely or largely preventable through
One Health strategies. Future work, for example, needs to
better evaluate the human health benefits of vaccination
of cattle against brucellosis or leptospirosis.

Lobbying to overcome the neglect imposed on these
diseases is challenging and this is particularly true as it is
still often done on an individual disease basis. To increase
the attention of a wide range of stakeholders including
the media, politicians, philanthropists, and the general
public, collecting together a group of diseases, here the
life-threatening treatable bacterial zoonotic diseases
causing febrile illness, will certainly add political and
economic weight. The implementation of a strengthening
surveillance of a group of zoonotic pathogens at the na-
tional level as done in Ethiopia [67], instead of individual
programs for each pathogen, would also have maximum
benefit on the economy and health of people and animals
by increasing both awareness of zoonotic diseases and
interactions between veterinarian and human health-care
professionals.

A direct benefit for patients will be the administra-
tion of antibiotics adapted to the identified offending
bacterial pathogen. This will avoid blind prescription of
antibiotics, an important determinant of the antimicrobial
resistance issue at the global level and offer best chance
to prevent severe complications in infected people and
ultimately a fatal outcome.
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