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Chapter 5
Emergence of New Tickborne Infections

5.1  Introduction

Ticks are responsible for the most diverse range of microbial pathogens transmitted 
by vectors and are second only to mosquitoes as the most frequent vector of human 
infectious diseases. These hematophagous arthropods parasitize every class of ver-
tebrates in nearly all areas of the world [1] and represent one of the most important 
mediators of zoonoses to humans. In the past decade or more, there have been global 
expansion and emergence of several tickborne diseases: Lyme disease, ehrlichiosis, 
anaplasmosis, babesiosis, and others. Moreover, new tickborne diseases continue to 
be discovered in recent years, such as novel phleboviruses of the Bunyaviridae fam-
ily emerging separately in Asia, Europe, and North America. One of these viruses 
was first recognized in China in 2010, presenting in patients with fever, leucopenia, 
thrombocytopenia, and organ dysfunction, called severe fever with thrombocytope-
nia syndrome virus [SFTSV] [2]. A closely related phlebovirus, called Heartland 
virus, was subsequently discovered in 2012 to cause a similar clinical syndrome in 
2012 in Missouri, United States [US] [3].

Recently described new emerging tickborne infections also include previously 
unrecognized species of rickettsia causing human diseases, such as Rickettsia slo-
vaca, first clinically recognized in 1997 in Europe as causing tickborne lymphade-
nopathy [TIBOLA] [4], and newly described spirochete causing relapsing fever-type 
illness, first appearing in humans in Russia in 2011 [5], and subsequently reported 
in the US in 2013, known as Borrelia miyamotoi [6]. In 2010 a new member of the 
Anaplasmataceae family, Candidatus neoehrlichia mikurensis, was recognized to 
cause a septicemic illness in Europe [7].
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5.2  Ticks

There are at least 869 species or subspecies of ticks recognized [1]. These comprise 
of two major families: the Ixodidae or hard-ticks because of their sclerotized, hard 
dorsal plate, which represent the most important group medically and numerically, 
and the Argasidae or soft-ticks because of their flexible cuticle. A third family con-
sisting of a single species, the Nuttalliellidae, is confined to southern Africa [1]. 
Ticks have three stages in their life cycle: the larval, nymphal, and adult forms. 
Hard-ticks and soft-ticks differ morphologically and in their life cycle and ecology. 
Ixodid ticks have several advantageous attributes for transmitting infectious patho-
gens as vectors more than soft-ticks or argasids. Ixodid ticks feed for long periods 
[several days], firmly attached to the host, and remain unnoticed as their bite is pain-
less, and their feeding hosts include a large variety of vertebrates in diverse habitats 
[1]. Argasids, conversely, feed briefly and often on a single host species, and they 
live in dry areas, mostly in sheltered habitat near their hosts [1]. It is believed that 
ticks evolve about 225 million years ago in the Paleozoic or early Mesozoic eras, 
initially parasitizing reptiles [8].

Ixodids or hard-tick adult size averages 20–30 mm, females longer than males, 
and the larva is about 2 mm with progressive increase in size to the nymph, which 
is under 1 cm, and then to the adult form [1]. Each stage of the tick attaches and 
feeds on a single host over several days; then once satiated it detaches and finds a 
resting place to molt to the next stage. The larva and nymph are the main transmit-
ters of diseases, as the adult feeds only briefly and the males may not feed at all. 
Ixodid ticks actually spend >90% of their life cycle unattached from the host and 
mainly live in open areas of meadows but are transported to woods by their hosts 
[9]. These ticks exhibit active host-seeking behavior by climbing plants and attaches 
to passing animal hosts or emerge from their habitat and attack nearby animals [1].

The life cycle of the ixodid ticks usually extends to 2 years but may vary from 
6 months to 6 years, depending on the environmental conditions such as tempera-
ture and humidity [1]. Some tick species are host specific, feeding only a limited 
variety of animals, but this may vary with the stage, and some ticks have different 
host for each feeding stage. In general the animals in their habitat influence host 
selection and diverse species of ticks have different affinities for attacking humans 
[10]. The relationship with ecology or environment, natural animal inhabitants and 
host specificity or range, and geographic distribution are all interrelated with respect 
to the life cycle of these ticks. The brown dog tick, Rhipicephalus sanguineus, for 
instance, is well adapted to the vegetation and climate in the Mediterranean region 
and other areas with similar conditions such as Mexico, Arizona, California, Texas, 
and parts of Brazil, all regions where the brown dog tick can transmit rickettsial 
pathogens. Each feeding stage of R. sanguineus has high specificity, and it readily 
feeds on dogs and is important vectors for Mediterranean spotted fever in the 
Mediterranean region, and occasionally Rocky Mountain spotted fever in south-
western US and Mexico. In contrast, Ixodes scapularis [black-legged deer tick] in 
the US and Ixodes ricinus [European sheep tick] in Europe are adapted to the woods 
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and forests with relative high humidity and are sensitive to desiccation from dry 
places. Ticks inhabiting wooded areas, I. scapularis, I. ricinus, Amblyomma ameri-
can [lone star tick], and others, feed on different host species, such as small and 
large mammals and birds [1, 11].

The life cycle of ixodid wooded ticks, as exemplified by I. ricinus, starts with the 
gravid female laying 100–1000 of eggs on the grass, and the larvae hatch in 4–6 weeks, 
which attach and feed on small mammals [rodents] and birds, become engorged, 
detach in grass, and molt to adults in 10–20 weeks and which then attach and feed on 
small or large mammals and birds, then the engorged female mates with males to 
continue the cycle [11]. Soft-bodied ticks [argasids] are inhabitants of sheltered envi-
ronments, nests, caves, burrows, and primitive man-made shelters. Unlike ixodids, 
they lack cement from the salivary glands for firm attachment but produce anticoagu-
lants and cytolytic substances to facilitate brief multiple feeding times [1]. Thus, the 
time spent on the host is relatively short, up to a few hours, and after meals they can 
be found in cracks and crevices or below the soil surface in their home environment.

5.3  Historical Aspects

Ticks have been recognized to inflict bites on humans for thousands of years by 
ancient Greek scholars [1]. Their ability to transmit infectious disease was first rec-
ognized in animals; cattle fever caused by tickborne protozoan [Babesia bigemina] 
was described in Texas at the end of the nineteenth century [12]. Subsequently, 
within the first decade of the twentieth century, ticks were implicated in the trans-
mission of microbes to humans. Borrelia duttoni, transmitted by a soft-bodied tick 
[Ornithodoros moubata], was found to cause relapsing fever in 1905 [13], and in 
1909 Rocky Mountain spotted fever agent, Rickettsia rickettsii, was shown to be 
transmitted by the wood hard-tick Dermacentor andersoni [14]. Although 
Mediterranean spotted fever was first described in Tunis in 1910 [15], it was not 
until the 1930s that the brown dog tick [Rhipicephalus sanguineus] was recognized 
as the vector of the causative Rickettsia conorii [16].

Tularemia was recognized in squirrels in 1911 and the first human case may have 
been described in Japan in 1837 [11], but the first documented human case was 
reported in 1914 [17]. However, the epidemiology and the role of diverse ticks in the 
transmission of Francisella tularensis were not reported until 1929 [18]. In the era 
following World War II, many tickborne diseases of animal and humans were dis-
covered of bacterial, viral, and protozoan etiologies [19]. Q-fever, caused by 
Coxiella burnetii, was first described in Australia in 1935 [20], and although the 
organism can be found in >40 species, it rarely is a vector-transmitted disease [most 
commonly transmitted by inhalation or ingestion], and tick transmission was ini-
tially reported in 1947 [21].

Lyme borreliosis, named after the town Old Lyme in Connecticut [US] in 1995, 
was discovered to be caused by Borrelia burgdorferi in 1982 and transmitted by 
ixodid ticks [22], the black-legged deer tick I. scapularis in the northeastern and 
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upper midwestern US and the western black-legged tick [I. pacificus] along the 
Pacific coast. A similar condition was described in Europe more than 100  years 
before, with a rash of “erythema chronicum migrans,” which was subsequently 
found to be caused by Borrelia garinii, B. burgdorferi, and Borrelia afzelii and 
transmitted by ixodid ticks [I. ricinus] [23]. Lyme borreliosis is the most common 
vector-transmitted disease in the US and Europe, but also occurs widely in other 
countries of the former Soviet Union, China, Japan, Australia, and probably in 
North Africa [11]. The main reservoir of Lyme borreliosis are small mammals, 
especially rodents such as the white-footed mouse [Peromyscus leucopus] in north-
eastern US and Apodemus species in Europe [24, 25]. Although deer are hosts for 
the black-legged ticks, they are not reservoirs for Lyme borreliosis. In Europe B. 
afzelii life cycle is maintained in rodents and B. garinii in avian reservoirs [26].

Rickettsiosis, caused by intracellular bacteria, has been recognized to be expand-
ing globally for several decades and represent one of the major zoonoses [27]. Prior 
to 1974 only four tickborne rickettsiosis were known with one tickborne spotted 
fever group identified in separate regions: Rocky Mountain spotted fever due to R. 
rickettsii was first described as a clinical entity in 1899 in the Americas; R. conorii 
present in Europe, southeast Asia, and North Africa causing Mediterranean spotted 
fever; R. siberia recognized in Siberia and western Russia; and R. australis found in 
Australia [11]. The members of the Rickettsia genus are classified into four groups: 
the spotted fever group rickettsiae, typhus group rickettsiae, Rickettsia bellii group, 
and Rickettsia Canadensis [27]. The recognition and expansion of pathogenic 
Rickettsia have been facilitated by molecular techniques in recent times. Rickettsiae 
once considered nonpathogenic to humans and new species have been identified in 
the past 25 years. There are now 26 Rickettsia species validated in addition to sub-
species mentioned. Some new species identified since 2005 include Rickettsia asi-
atica, Rickettsia heilongjiangesis, Rickettsia hoogstraalii, Rickettsia raoulti, and 
Rickettsia tamourae [27]. Tickborne rickettsiosis is now present in all continents of 
the world and some Caribbean and Pacific islands. Rickettsia africae which causes 
African tick-bite fever is believed to have been exported from Africa during the 
slave trade of the 1800s to several Caribbean islands, Guadeloupe, St. Kitts, Nevis, 
Dominica, US Virgin Islands, Montserrat, St. Lucia, Martinique, and Antigua [27].

5.3.1   Tickborne Zoonoses: General Background

Tickborne infections of humans, farm, and domestic animals are primarily associ-
ated with wildlife animal reservoirs. Humans and domestic animals are incidental 
hosts that result from infringement of the usual circulation between wildlife and tick 
vectors in their natural habitats. The risks of tickborne diseases vary geographically 
and are determined by the climate, environment, presence of rodents and other ver-
tebrate reservoirs, and the species of ticks parasitizing wild and domestic animals 
[28]. These zoonoses can emerge in previously non-endemic areas when climate 
conditions and circumstances favorable to the maintenance and transmission arise. 
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This may include displacement of the hosts of vectors and reservoir animals by 
human expansion and development. Birds are important reservoirs for several patho-
gens and act as vehicles for infected ticks and probably play an important role in the 
dispersal of tickborne zoonoses [29]. Although for each pathogen one or more tick 
vectors and several animal reservoirs may exist, various combinations of coinfection 
with different microbes may coexist, and studies have demonstrated mixed infection 
in ticks of 7–10.9% [29, 30]. For example, the black-legged deer tick [I. scapularis], 
from the northeastern and upper midwestern US, can be coinfected and transmit 
multiple pathogens to humans such as Lyme and myamotoi borreliosis, anaplasma, 
babesia, and Powassan virus. Concurrent infection by two or more tickborne 
microbes is fairly common and frequently detected in clinical and veterinary practice 
[31]. Coinfection with multiple pathogens may be transmitted by ticks simultane-
ously during the same blood meal or at separate times. The natural reservoir hosts of 
many microbes [B. burgdorferi, Anaplasma phagocytophilum, and Babesia microti] 
transmitted by Ixodes ticks are rodents, which are often coinfected with multiple 
organisms and may transfer the microbes to the larvae or nymphs and then to animals 
and humans [32]. Simultaneous coinfection of several pathogens may result in 
diverse host responses, which can conflict and antagonize each other, allowing the 
pathogens to synergistically infect the host more successfully, with more prolonged 
and severe disease with multitude of clinical manifestations, than normally reported 
with a single pathogen infection [33]. Sequential infection with a new microbe may 
allow the establishment of a new infection which otherwise may not have occurred 
because of elimination by the host immune defense mechanisms [31].

The majority of tickborne infections are transmitted during the course of the 
blood meal from contaminated tick saliva [i.e., B. burgdorferi, relapsing fever bor-
reliae, and spotted fever rickettsiae], regurgitated midgut contents [B. burgdorferi], 
feces [Coxiella burnetii], or coxal fluid in argasid ticks with relapsing fever bor-
reliae [27]. Transmission from contamination of abraded skin or mucosa of the eye 
following crushing of the ticks with the fingers is possible. Transmission by acci-
dental ingestion of the arthropods is well known in animals and is possible to occur 
in humans. Transmission of several tickborne zoonoses can occur by blood transfu-
sion and sharing of needles and syringes from an unsuspected blood donor or drug 
abuser. Different Babesia species, for instance, have been reported to be transmitted 
from blood transfusions in both animals [dogs] and humans [31].

5.4  New Tickborne Bunyaviruses

Tickborne viruses that cause human diseases belong to three main families: 
Bunyaviridae, Flaviviridae, and Reoviridae. The most common tickborne viruses 
belong to the Flaviviridae family and are endemic in Europe and Asia: tickborne 
encephalitis virus [TBEV] being the most common in Europe, louping illness virus 
[LIV], Omsk hemorrhagic fever virus [OHFV], and Kyasanur Forest disease virus 
[KFDV]; in the Middle East Alkhurma hemorrhagic fever virus [AHFV]; and in 
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North America only the Powassan virus from this group is present [34]. TBEV is 
widely distributed in Europe and the vector is I. ricinus, the sheep dog tick. Prior to 
2009–2010, the only recognized members of the Bunyaviridae family causing tick-
borne infection in humans were the Crimean-Congo virus and the Bhanja virus. 
Since then two similar bunyaviruses of the Phlebovirus genus have emerged in 
China in 2009, severe fever with thrombocytopenia syndrome virus [SFTSV], and 
the Heartland virus in the US in 2012.

The Bunyaviridae family of viruses constitutes the largest group of RNA viruses 
with more than 350 identified [35]. They are enveloped, spherical virions with a 
diameter of 80–120 μm, containing three single-stranded RNA segments [negative 
sense], with no matrix proteins [35]. The family of Bunyaviridae contains five gen-
era: Hantavirus genus, type species Hantaan virus; Nairovirus genus, type species 
Crimean-Congo hemorrhagic fever virus [CCHFV]; Orthobunyavirus genus, type 
species Bunyamwera virus; Phlebovirus genus, type species Rift Valley fever virus 
[RVFV]; and Tospovirus genus, type species Tomato spotted wilt virus [36, 37]. 
Presently there are at least 40 viruses of the Bunyaviridae family not assigned a 
genera or species, including Bhanja virus, Forecariah virus, and the Kismayo virus 
[38]. The Bhanja serogroup viruses are most closely related to SFTSV and the 
Heartland virus, and members of this group have been isolated from ticks on live-
stock and wild animals in India, Southern Europe, and Africa [38].

The Bunyaviridae are generally found in arthropods and wild animals, especially 
rodents, and some members can infect humans. The Hantavirus is the only member 
of this family not transmitted by vectors, but by rodent excreta [36]. The 
Orthobunyavirus [i.e., La Crosse virus] infects only mosquito vectors, the Nairovirus 
[i.e., CCHFV] is largely limited to ticks, and the Phlebovirus [i.e., sandfly fever] is 
transmitted by sandflies and midges, but RVFV which is a member of this group can 
infect a wide range of arthropods and is primarily transmitted by mosquitoes [36].

5.4.1   Severe Fever with Thrombocytopenia Syndrome [SFTS]

SFTS was first recognized as a distinct clinical entity in Henan province of China in 
2007. Patients presented with high fever, gastrointestinal bleeding, abdominal pain, 
bloating, nausea, and vomiting, with low platelets and white blood count, elevated 
alanine and aspartate transaminases, and proteinuria [39]. In 2010, a novel bunyavi-
rus designated Huaiyangshan virus and subsequently changed to SFTSV was iso-
lated from patients with this syndrome [40].

It is believed that the SFTSV actually originated in China about 50–150 years 
ago [41]. The SFTSV and Heartland virus are assigned in the Phlebovirus genus, 
but they are different from other known phleboviruses. The phleboviruses consist of 
about 70 antigenically distinct serotypes classed into two groups. The Phlebovirus 
fever group is transmitted by the phlebotominae sandflies or mosquitoes and the 
Uukuniemi group by ticks [42]. Although SFTSV have limited sequence similarities 
to other viruses of the Uukuniemi group, it was assigned to this subtype due to 
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serological similarities and lack of small nonstructural protein on the M segment, 
and ticks are also the common vector [43]. Isolates of SFTSV from different geo-
graphical regions share 90% genetic sequence similarity and are grouped into five 
sublineages A–E [44]. Lineage A constitutes isolates from animals, dogs, cats, 
goats, buffaloes, and cattle, with no geographical clustering pattern [41].

Segmented-genome viruses such as the bunyaviruses are capable of rapid recom-
bination, which is associated with pathogenicity and transmissibility among vectors 
and hosts and increases the risk for new outbreaks [45]. Recently two strains of 
SFTSV were found to have reassortment in the small RNA segment, which may 
drive rapid changes in the in the virus [46]. The basis of genetic diversity of SFTSV, 
although not completely understood, may be explained by lack of proofreading 
function of its RNA-dependent RNA polymerase, with high mutation rate [about 
10–4 substitution per site each year] during its replication [41].

5.4.1.1  Epidemiology of SFTSV Infection

SFTS as a distinct syndrome was first reported in rural regions in Henan and Hubei 
provinces of Central China in 2009 [44]. Since then the disease has been found in 
11 province of China with over 2500 reported cases. There is evidence that the 
microbe is widely distributed in China and only a small proportion of infected sub-
jects develop clinical disease. Serosurveillance studies of populations in hilly 
regions of China showed that 1.0–3.8% of people had SFTSV antibodies [47–49]. 
There is also evidence that the virus has been circulating naturally in some regions 
of China showing seasonal variance with most cases occurring from May to July, 
and clinical disease occurred mainly in older subjects [92%] [50]. It has been esti-
mated that the annual incidence of disease is about 5 per 100,000 of the rural popu-
lation [49]. Seroprevalence and asymptomatic viremia of SFTSV in blood donors 
from endemic regions have also been reported. In a study of 17,208 blood donors, 
seropositivity ranged from 0.27% to 0.54%, but very low-grade viremia was 
detected in only two subjects [51]. Overall, SFTS is mainly reported from rural 
areas of central and northeastern China from May to September, targeting farmers 
>50 years of age [52]. Subjects were predominantly affected from farming-related 
exposures and numerous domestic and wild animals were infected by SFTSV [53].

SFTS was first reported outside China in North Korea in 2009 [54] and a subse-
quent fatal case was reported from South Korea in 2012 [55]. During 2013 SFTS 
was diagnosed in 35 patients in South Korea, and phylogenic analysis of SFTSV 
isolates from South Korea and China was closely related [56]. Locally transmitted 
cases have also been identified in Japan with 11 cases recognized by 2013, all living 
in western Japan, and were >50  years of age, and there were six fatalities [57]. 
Phylogenetic analysis of the Japanese isolates indicated that the genotype was inde-
pendent from those in China. It has been estimated that SFTSV was likely circulat-
ing unrecognized in animals and humans in Korea and Japan for sometimes before 
these reports. In 2014, there were 108 suspected cases of SFTS in Japan and 41 were 
confirmed cases by PCR [58].

5.4  New Tickborne Bunyaviruses
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5.4.1.2  Vector and Ecology

The tick vector of SFTSV is considered to be a widely distributed hard-tick of the 
Ixodidae family, Haemaphysalis longicornis, present in China and other countries 
of Asia [59]. In endemic areas of China, the prevalence of SFTSV in these ticks col-
lected from domestic animals ranged from 2.1% to 5.4%, and the RNA sequences 
of viral isolates were very closely related to those in patients [39, 59]. The virus is 
also detected at a lower rate [0.6%] of another widely distributed tick, Boophilus 
(Rhipicephalus) microplus, in endemic and non-endemic areas [44]. Viral RNA of 
SFTSV was also detected in H. longicornis ticks at all stages of its life cycle, indi-
cating both transstadial and transovarial routes of transmission and the ability of 
ticks to play a role as a vector and a reservoir of the virus [60]. In a study from South 
Korea, 13,000 ticks were examined for SFTSV from nine provinces, and the mini-
mum detection rate in H. longicornis was 0.46%, with the highest prevalence in the 
southern region [61]. In South Korea SFTSV was also detected in other hard-ticks 
at lower rates, Ixodes nipponensis and Amblyomma testudinarium [62], and in China 
the virus was also detected in mites from field mice and goats in endemic regions 
[44]. Common with many tickborne infections, not all patients with clinical disease 
have a history of tick bites, and in patients from China only 52% with SFTS recall 
tick exposure [48].

5.4.1.3  Reservoir Hosts

A variety of domestic and wild animals have been found to carry SFTSV, at dif-
ferent rates in various endemic regions of China. Seroprevalence in domestic ani-
mals ranged from in cattle 32–80%, goats 57–95%, chickens 1–36%, dogs 6–55%, 
and pigs 2–6% [44, 52, 63, 64]. Low levels of viral RNA were found in a small 
fraction [1.7–5.3%] of the animals studied [48, 65]. The viruses from animals and 
those from patients and ticks shared 95.4% of the genomic sequences [65]. Many 
wild animals such as deer, hedgehog, weasel, possum, and some bird species are 
hosts for the vector ticks and could carry the virus. However, rodents are known 
reservoirs of many bunyaviruses, but the rates of infection of rats [3.03–8%] with 
SFTSV are lower than in livestock [48, 66]. Hence, it appears that domestic ani-
mals may be the amplifying hosts of SFTSV and are probably the main reservoir 
of the virus.

Transmission of SFTSV is considered mainly from tick bites, but there is also 
evidence from multiple reports that the virus can be transmitted from human to 
human by direct contact with blood of infected patients [67–71]. A cluster of cases 
in families/households have been reported to be transmitted by blood contact, and 
blood transfusion and laboratory accidents from handling infected blood are poten-
tial means of transmission of SFTSV.
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5.4.1.4  Pathogenesis and Immunity of SFTSV Infection

Although the pathogenesis of SFTS is not fully understood, major strides have been 
made in the few years since its description in understanding the mechanisms of the 
disease. Like other severe viral infections, cytokine and chemokine imbalance 
appears to be important in the pathogenesis, and severe, fatal cases of SFTS usually 
demonstrate “cytokine storm.” Increased levels of tumor necrosis factor-alpha 
[TNF-α], interferon-gamma [IFN-γ], and IFN-induced protein-10 were associated 
with disease severity [72]. SFTSV gain entry to many human and animal cells, 
including macrophages and dendritic cells, by binding of the virus glycoprotein 
[GN/GC] to a receptor, the C-type lectin DC-SIGN [73].

Dynamic changes in viral load, T-cell subsets, and cytokines have been measured 
and analyzed in patients with SFTS and correlated with outcome. High levels of 
peak viral RNA load, serum liver enzymes, and serum interleukin [IL]-6 and IL-10 
were associated with higher fatality rates [74]. These markers declined within 
2 weeks of onset in survivors, and CD69+ T-cells were elevated early after infec-
tion, while HLA-DR+ and CTLA4+ T-cells elevated during the recovery phase of 
survivors [74]. Hence, high SFTSV viral load, very low platelets, high transami-
nases, marked elevation of proinflammatory and anti-inflammatory cytokines, and 
activation of CD 69+ T-cells were markers of severe disease and poor outcome. 
Cytokine storm with suppression of CD4+ and CD3+ lymphocytes with progressive 
decline but higher B lymphocytes has also been reported in severe and fatal cases of 
SFTS [75, 76].

Analysis of the immune response during the course of illness may also assist in 
understanding the pathogenesis of disease. In a study of 298 confirmed cases of 
SFTS and 55 followed after convalescence, during the first week of illness, there 
was a loss of T, B, and NK lymphocytes which were subsequently restored, but 
severe disease was associated with slower recovery and lower humeral immunity 
[77]. SFTSV-specific IgM antibody could be detected within 9  days, peaked at 
4 weeks, and persisted for 6 months. IgG antibody could be detected in most patients 
within 6 weeks, peaked at 6 months, and persisted for at least 3 years [77]. There is 
also evidence that SFTSV is capable of infecting monocytes and suppresses IFN- 
beta and NF-kappa B promoter activities, facilitating the virus replication in human 
monocytes by restricting the innate immune response [78]. The virus can also dis-
rupt type 1 interferon signaling by the nonstructural protein-mediated sequestering 
of signal molecules [STATS I and II] into inclusion bodies [79]. IFN-β production 
is an important host defense mechanism against viral pathogens, and inhibition of 
this response has been reported with other bunyaviruses [80, 81].

Limited pathological studies of fatal SFTS cases have been reported and the 
characteristic feature is the presence of necrotizing lymphadenitis of lymphoid tis-
sues [82]. Leucopenia and thrombocytopenia which are hallmarks of the disease 
were not due to bone marrow suppression or aplasia, but are likely related to periph-
eral destruction or sequestration [83].
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5.4.1.5  Animal Models of SFTSV Infection

Animal models are useful for elucidating the pathogenic mechanisms and develop-
ment of new therapies for many human diseases. Newborn mice and rats, especially 
Kunming mice, are highly susceptible to SFTSV, and infected mice demonstrate 
pathological changes with large areas of necrosis only in the liver, but the virus can 
be detected in numerous organs [84]. Interferon-α/interferon-β knockout mice are 
also highly susceptible to infection with the virus, with 100% mortality in 3–4 days 
after inoculation [85]. The virus is found in numerous organs with heavy viral bur-
den in mesenteric lymph nodes and spleen but no detectable histological changes. It 
appears that C57/BL6 mouse may be a better model for SFTSV infection, as the 
animals demonstrate leucopenia and thrombocytopenia similar to humans [86]. 
Moreover, histopathological changes were found in the spleen, liver, and kidney, but 
the spleen appears to be the primary target as viral replication could be demonstrated 
in this organ. The thrombocytopenia is probably caused by virus-bound platelets that 
underwent phagocytosis by splenic macrophages [86]. Nonhuman primates are con-
sidered the gold standard animal models for studying human disease pathogenesis, 
and a recent study has been reported by infecting rhesus macaques. SFTSV infection 
of Macaca mulatta did not result in severe disease symptoms or death but caused 
fever, thrombocytopenia, leucopenia, and elevated transaminases and cardiac 
enzymes [87]. Minor pathological lesions were found in the liver and kidney during 
the late stages of infection, and elevation of inflammatory cytokines was present in 
the blood. Thus, infection of this primate model resembles mild SFTS in humans.

Other animal studies assessed potential therapeutic and preventative interventions. 
The nonstructural protein of the S segment [SFTSV/NSs] fraction of SFTSV appears 
to antagonize interferon and suppress the host’s innate immunity to facilitate infec-
tion. However, immunization with recombinant SFTSV/NSs was ineffective in pro-
moting virus clearance in infected C57L/6J mice [88]. In another study using a mouse 
model, antiserum from a recovered patient with SFTS prevented lethal infection with 
the virus and improved clinical signs in nonlethal infection [89]. Other agents tested 
including steroids, ribavirin, and a site-I protease inhibitor were ineffective.

5.4.1.6  Clinical Aspects of SFTS

The incubation period of SFTS after a tick bite is estimated to be 5–14 days [44, 90] 
and after exposure to infected blood as 7–12 days [67]. The major stages of the 
disease recognized include an initial febrile flu-like illness, a second stage of multi-
organ failure, and a subsequent convalescent phase [44, 52]. The first stage of the 
disease is characterized by sudden onset of fever from 38 to 41°C, headache, fatigue, 
myalgia, nausea, vomiting, and diarrhea, associated with high viral load, leucope-
nia, thrombocytopenia, lymphadenopathy, and elevation of transaminases and cre-
atine phosphokinase. This stage may last for 5–11 days but may resolve after a week 
and enter a convalescent phase in patients with mild disease. The second stage 
occurs after 5 days and in more severe disease progress to develop multiorgan fail-
ure, first involving the liver, then the heart, lungs, and kidneys, which can persist for 
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7–14 days or lead to death [44, 90]. Coma may occur in about 6% but as high as 
27% and confusion is seen in 22–36% [44, 52]. A recent report of 538 patients with 
SFTS described development of encephalitis in 19% of cases, with a fatality rate of 
44.7% in this subgroup [91]. In nonfatal cases the biomarkers start to decrease with 
decline of the viral load and improvement of the platelet count by day 9–11, whereas 
in fatal cases the viral load, biomarkers, and thrombocytopenia continue to increase. 
The overall case fatality rate of 2500 reported cases in China averages at 7.3% [44], 
but the initial report was 12–30% [39].

Convalescence in survivors varies from 11 days to 19 days after onset of illness 
but in most severe cases occurred after 14 days [40, 52]. Clinical symptoms improve 
and the laboratory abnormalities gradually return to normal after 3–4 weeks [89]. 
Prognostic factors for disease severity and outcome of SFTS are related to host fac-
tors, clinical manifestations, and laboratory parameters. Age is a key factor in the 
severity of disease and outcome, with older age carrying a worst prognosis [44, 52, 
90]. Children rarely become infected [possibly from less tick exposures and more 
robust immunity] and those who become infected manifest mild symptoms with 
fever, malaise and gastrointestinal symptoms, and minor laboratory abnormalities 
[92]. Clinical features associated with adverse prognosis include neurological mani-
festations, acute respiratory distress syndrome, and disseminated intravascular coag-
ulopathy [93]. Host immune responses and viral replication are important factors in 
determining clinical severity and outcome, and high viral load in blood at admission 
is associated with a worst prognosis and fatality [93]. Laboratory parameters associ-
ated with poor prognosis and fatality include hypoalbuminemia, hyponatremia, 
coagulation disturbance, elevated transaminases, elevated creatinine, decreased lym-
phocyte count, and elevated lactic dehydrogenase levels in the late stage [94, 95].

5.4.1.7  Diagnosis of SFTS

Diagnosis of SFTS is based on epidemiological exposure risk and clinical features 
with presence of fever, thrombocytopenia, and leucopenia. Laboratory diagnosis 
can be confirmed by viral nucleic acid test with polymerase chain reaction [PCR] or 
by serology. Rapid diagnosis in acute illness is best accomplished with a reverse 
transcriptase [RT] PCR which is highly sensitive and specific [44]. Potential detec-
tion limit of 10 viral RNA copies/μL was achieved using quantitative real-time PCR 
with 98.6% sensitivity and over 99% specificity [96]. Moreover, the quantitative 
PCR at acute diagnosis can assist in the prognosis based on the viral load [58].

Serological methods for diagnosis include conventional immunofluorescence 
and serum neutralization assays which are not helpful in acute cases or early diag-
nosis, and they are costly and require well-trained personnel [52]. Indirect enzyme 
immunoassay [EIA] and double-antigen sandwich EIA have been used to detect 
total antibodies or viral-specific IgM and IgG [52]. A highly sensitive and specific 
EIA utilizing a glycoprotein N from the nucleocapsid has been developed [63]. 
In serological diagnosis acute and convalescent sera are best tested, thus providing 
a delayed diagnosis, although the presence of specific IgM antibodies in acute dis-
ease can be diagnostic.
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5.4.1.8  Treatment of SFTS

Management of patients with SFTS is largely supportive with correction of fluid and 
metabolic disturbances and blood transfusion if necessary for significant blood losses. 
Platelet transfusion may be required for severe thrombocytopenia [<30 × 10–9/L] with 
significant bleeding, and appropriate antibiotics for suspected or proven secondary 
bacterial infections [44]. Mechanical ventilation may be needed in severe cases with 
ARDS or coma for airway protection and hemodialysis for severe renal failure.

No specific therapy has been shown to be effective for SFTSV infection. Ribavirin 
was of interest as it had been considered effective or approved for treatment of other 
bunyavirus infections, such as Rift Valley fever virus and Crimean-Congo hemor-
rhagic fever virus [97, 98]. While ribavirin has some in vitro activity against SFTSV, 
it did not effectively reduce virus replication in pre-infected cells [99]. Moreover, 
ribavirin treatment of patients with SFTS produced no significant clinical benefit 
and had no effect on platelet counts or viral loads [100]. Convalescent sera from 
recovered patients infected with SFTSV have high neutralizing antibodies against 
the virus and may have a role in treatment of severe cases or postexposure preven-
tion after contact with infected blood [89, 101].

5.4.2   Heartland virus

Heartland virus infection was first described from a patient in Missouri [US] in 
2012 and the agent is a phlebovirus closely related to SFTSV [3]. Phylogenetic and 
serological analysis revealed that Heartland virus should belong to the Bhanja group 
of viruses in the Phlebovirus genus [38]. Bhanja viruses have been isolated from 
various species of hard-ticks and are divided into the African and Eurasian lineages. 
Amblyomma americanum [lone star tick] is the vector of Heartland virus [HRTV]. 
Investigations had revealed the presence of viable virus in A. americanum nymphs 
in a patient’s farm and nearby conservation area, with >97.6% sequence identity to 
human strains [102]. Ticks probably become infected by feeding on viremic hosts 
during their larval stage and may transmit the virus to humans during the spring and 
early summer when nymphs are plentiful.

Serological investigations in wild and domestic animals in Missouri have 
detected high antibody prevalence to HRTV in raccoon [42.6%], horse [17.4%], and 
white-tailed deer [14.3%], which suggest that these species are possible candidate 
reservoir hosts [103]. Antibodies were also found in dogs [7.7%], but no HRTV was 
isolated from any animal sera or ticks.

5.4.3   Clinical Features of Heartland virus Infection

The original two index cases were male farmers, aged 57 and 67 years, who pre-
sented with fever, leucopenia, and thrombocytopenia [3]. Both patients survived 
without hemorrhagic complications or multiorgan failure. An additional five 
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nonfatal cases were subsequently identified through active surveillance in Missouri 
[104]. More recently a fatal case of HRTV infection was described in 80-year-old 
male on a farm in Tennessee [100]. The patient had a history of multiple tick bites, 
with detectable tick on his body 2 weeks prior to onset of illness, and had comorbid 
conditions of chronic obstructive lung disease and alcoholism. He presented with 
weakness, fever, and altered mental status, and tests showed persistent leucopenia, 
progressive thrombocytopenia, anemia, and elevated transaminases. His clinical 
course deteriorated on broad-spectrum antibiotics and subsequent hypotension, 
hypoxia, and renal dysfunction occurred before his death. Autopsy findings were 
largely nonspecific and the bone marrow revealed myeloid hyperplasia and trilin-
eage hematopoiesis. Although this fatal case resembles severe cases of SFTS, there 
was no evidence of necrotizing lymphadenitis as described in fatal cases of infec-
tion with SFTSV, but the spleen demonstrated white-pulp depletion and scattered 
immunoblasts [105]. The differential diagnosis of HRTV infection would include 
infections with borrelia, rickettsia, ehrlichia, anaplasma, viruses, thrombotic throm-
bocytopenia, and hematological malignancies.

A subsequent fatal case has been described in Oklahoma [105], bringing the total 
number of HRTV infection detected to date to nine cases with two fatalities from 
three states. However, more cases are likely to be recognized in the future from 
other regions of the US, as wildlife serological studies have determined that HRTV 
is widespread within the central and eastern US [106]. Of 1428 animals tested, 103 
were seropositive for the HRTV including 55 deer, 33 raccoon, 11 coyote, and 4 
moose. Thirteen states had seropositive animals from Florida, Georgia, Illinois, 
Indiana, Kansas, Kentucky, Maine, Missouri, New Hampshire, North Carolina, 
Tennessee, Texas, and Vermont [106].

Similar to SFTS, there is no known specific therapy for HRTV infection. 
Management is primarily supportive, but doxycycline should be used initially in 
severe cases for treatable differential diagnoses [borreliosis, rickettsiosis, ehrlichio-
sis, etc.] until these conditions are excluded. There is no data yet on pathogenesis 
and animal models of HRTV infection. However, the mechanisms in disease patho-
genesis maybe similar to that of SFTSV since the two viruses are closely related.

5.4.4   Borrelia miyamotoi Disease

Borrelia miyamotoi is a spirochete that is closely related to species that cause relaps-
ing fever. It was first discovered in Ixodes persulcatus ticks in Japan in 1994 and 
subsequently documented in ticks and rodents in Europe and North America, but 
was not recognized to cause human infection until reported from Russia in 2011 [5]. 
In 2013, the first case of B. miyamotoi infection was described in the US with clini-
cal manifestation of meningoencephalitis [6]. Subsequently two more cases were 
reported in the US presenting like human granulocytic anaplasmosis [107]. Cases of 
B. miyamotoi infection were also reported from New England [108], the Netherlands 
[109], and Japan [110].
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The largest case series of B. miyamotoi disease [BMD] was recently reported from 
northeastern US. Blood samples from acutely febrile patients presenting to primary 
care offices, emergency departments, or urgent care clinics in 2013–2014, requesting 
testing for tickborne infections, were sent to IMUGEN [Norwood, Massachusetts] 
[111]. Whole blood PCR for presence of specific DNA sequences of common tick-
borne pathogens and BMD were performed. Among 11,515 patients tested, 97 BMD 
cases were identified by PCR. Most of the patients presented with fever, chills, marked 
headache, myalgia, or arthralgia, and 24% required hospitalization [111]. Elevated 
liver enzymes [82%], leucopenia, and thrombocytopenia were common, and symp-
toms resolved after doxycycline and patients treated with amoxicillin or ceftriaxone 
also improved. Serology for the acute diagnosis of BMD was poor, as only 1 of 39 
cases with circulating DNA had B. miyamotoi IgM and none with IgG, but convales-
cent sera were reactive in 78%. In this study of acute febrile patients, BMD was 
confirmed less frequently than babesiosis and human granulocytic anaplasmosis.

B. miyamotoi infection is transmitted by the black-legged deer ticks [I. scapu-
laris] and has a similar range and distribution as Lyme borreliosis. Most cases of 
BMD occurred in July and August, suggesting transmission by larval ticks which 
have their peak activity in these months. Lyme disease, babesiosis, and human ana-
plasmosis mainly occur in June and early July, when the nymphal deer ticks are 
most abundant [112]. B. miyamotoi had been shown to undergo transovarial trans-
mission and can be transmitted experimentally by larvae [113].

In regions where tickborne infections are possible, with or without known tick 
bites/exposure such as in many parts of northeastern, north-central, and far western 
US, empiric treatment with doxycycline may be reasonable for acutely sick, febrile 
patients for possible borrelia, rickettsia, ehrlichia, and anaplasma infections until a 
diagnosis is confirmed.

5.5  Conclusion and Future Perspectives

Novel tickborne infections continue to emerge in distant unrelated regions of the 
world with worrisome frequency. New, previously unrecognized, pathogens from 
tick exposure will continue to be discovered in the future. This is further exempli-
fied by the recent detection of a novel Orthomyxovirus of the genus Thogotovirus, 
labeled Bourbon virus, associated with a fatal infection in a previously healthy male 
from Kansas after tick bites in 2014 [114]. The differential diagnosis of acute febrile 
illness after tick exposure is quite diverse and largely depends on the local region or 
geography at the time of exposure. For instance, in the US, there are 14 tickborne 
diseases listed by CDC, and now there will be 15 with the addition of Bourbon virus 
[see Table 5.1]

Tickborne diseases are theoretically preventable with appropriate clothing [long 
sleeve shirts and pants], avoidance of high-risk exposures, use of insecticides or acar-
icides to control tick population, or use of personal insect repellants. Despite these 
known preventative measures, for decades tickborne diseases have continued to 
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flourish with worldwide expansion and emergence. Thus, new approaches for pre-
vention of tickborne infections are needed. Directed mass education of targeted at-
risk populations [farmers, outdoor campers, hikers, etc.] in endemic areas may be of 
benefit to inform the public of the risk of these diseases and preventative measures, 
including large visible signs in these areas. Development of specific vaccines for 
these various pathogens is not feasible nor would be cost-effective due to their rela-
tively low frequency. However, it may be worthwhile to evaluate new strategies such 
as a vaccine to prevent tick bites that could be used to prevent many tickborne dis-
eases. Anti-tick vaccines could potentially reduce tickborne infections by reducing 
the tick burden or interference in host-tick-human transmission by vaccination of the 
vertebrate hosts [115]. Anti-tick vaccines would be environmentally safe, unlikely to 
select resistance as compared to insecticides, and can include multiple antigens to 
target a broad range of ticks [116].

Table 5.1 Tickborne diseases of North America, mainly United States

Disease Pathogen Vector Distribution

Anaplasmosis Anaplasma 
phagocytophilum

I. scapularis Eastern and upper-middle US

I. pacificus Pacific coast/Western US

Babesiosis Babesia microti I. scapularis Northeast/upper midwestern US

BMD Borrelia miyamotoi I. scapularis Northeastern/midwestern US

Bourbon virus 
disease

Thogotovirus Unconfirmed tick Kansas

Colorado tick fever Colorado tick fever 
virus

Dermacentor 
andersoni

Rocky Mountain states

Ehrlichiosis Ehrlichia chaffeensis/ 
E. ewingii

Amblyomma 
americanum

Southcentral/Eastern US

Heartland virus Phlebovirus/Bunyavirus Lone star tick  
[A. americanum]

Missouri, Tennessee, Oklahoma

Lyme disease Borrelia burgdorferi I. scapularis Northeast/upper midwestern US

I. pacificus Pacific Coast

Powassan disease Powassan virus I. scapularis and 
Groundhog tick

Northeast, Great Lakes area

R. parkeri rickettsiosis Rickettsia parkeri Gulf Coast tick Gulf Coast, Southwestern US

RMSF Rickettsia rickettsii Am. dog tick Eastern US [most common]

RM wood tick Western US

Brown dog tick Arizona, Texas, and Mexico

364D rickettsiosis Rickettsia phillipi Pacific Coast tick California

STARI Unknown agent Lone star tick Eastern, Southeastern US

[Southern tick-associated rash illness]

Tickborne relapsing 
fever

Borrelia hermsii O. hermsii 
[soft-tick] of 
squirrel, chipmunk

Western US [15 states]

Tularemia Francisella tularensis Dog tick, wood tick, 
and lone star tick

Throughout US

BMD Borrelia miyamotoi disease, I ixodes, Am American, O Ornithodoros, RM Rocky Mountain, 
SF spotted fever
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