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Abstract: Leishmaniasis, a chronic and persistent intracellular protozoal infection caused by many
different species within the genus Leishmania, is an unfamiliar disease to most North American
providers. Clinical presentations may include asymptomatic and symptomatic visceral leishmaniasis
(so-called Kala-azar), as well as cutaneous or mucosal disease. Although cutaneous leishmaniasis
(caused by Leishmania mexicana in the United States) is endemic in some southwest states, other causes
for concern include reactivation of imported visceral leishmaniasis remotely in time from the initial
infection, and the possible long-term complications of chronic inflammation from asymptomatic
infection. Climate change, the identification of competent vectors and reservoirs, a highly mobile
populace, significant population groups with proven exposure history, HIV, and widespread use
of immunosuppressive medications and organ transplant all create the potential for increased
frequency of leishmaniasis in the U.S. Together, these factors could contribute to leishmaniasis
emerging as a health threat in the U.S., including the possibility of sustained autochthonous spread
of newly introduced visceral disease. We summarize recent data examining the epidemiology and
major risk factors for acquisition of cutaneous and visceral leishmaniasis, with a special focus on
implications for the United States, as well as discuss key emerging issues affecting the management
of visceral leishmaniasis.

Keywords: asymptomatic visceral leishmaniasis; autochthonous leishmaniasis; travel-related leish-
maniasis; climate change; transfusion transmission; immunosuppression

1. Introduction

Leishmaniasis is more common in the United States (U.S.) than most Americans
realize, involving both autocthonous and imported infections. The recent deployment of
millions of Americans to Iraq and Afghanistan has been associated with thousands of cases
of cutaneous leishmaniasis (CL) [1], but even more concerning is the likelihood of large
numbers of persons with unrecognized asymptomatic visceral leishmaniasis (VL) [2]. In
this review, we will summarize the known epidemiology of leishmaniasis in the U.S., and
then focus on a few emerging issues. These include climate change and potential impact
on leishmaniasis in the U.S., some emerging epidemiology, diagnostic issues and treatment
options; we then provide detailed discussion of issues around asymptomatic visceral
leishmaniasis, interaction with immunosuppression, possible long-term consequences, and
secondary transmission risks in the U.S.

2. Human Leishmaniasis: Epidemiology in the United States
2.1. Autochthonous Leishmaniasis

While most leishmaniasis in the U.S. is likely acquired during travel abroad, cutaneous
Leishmania mexicana is endemic to the United States, reported from Texas and southeast
Oklahoma among persons with no travel history in the prior 5–10 years [3–8]. Texas is the
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only state to require public health reporting of leishmaniasis (since 2007) and the median
number of cases reported from 2008–2017 is six per year, ranging from 0–13 (including both
travel and autochthonous cases). A cross-sectional study of histopathologically confirmed
cases in Texas found that only 20% were reported to the Texas Department of State Health
Services between 2007–2017; 41 (59%) leishmaniasis cases occurred in persons with no
travel outside of the U.S. [7]. However, autochthonous cutaneous leishmaniasis in Texas
is not new, with the first case of diffuse cutaneous leishmaniasis (DCL) recorded in 1903,
and Kipp reports a total of 80 autochthonous cases by 2020 [9]. Most autochthonous
cases occur on exposed areas of the face, head, neck, or upper extremities, and affect both
men and women of virtually any age (reported range from 2–89 years) [3,5–7]. Lesions
are typically few in number, appearing as chronic, painless ulcers or papules usually
about 1–2 cm size. L. mexicana lesions tend to heal without intervention in months, and
in one study 88% re-epithelialized over a median of 14 weeks [10]. Interestingly, two
Texas cases confirmed as L. mexicana were associated with mucosal leishmaniasis, which is
unusual for this species [3]. Occasional presentations consistent with diffuse cutaneous
leishmaniasis (DCL; large nodules up to 4.5 cm size in many locations) have been reported,
however this is a rare complication associated with L. mexicana. Two Texas DCL-like cases
were unusual in that the histopathology and/or cellular immune responses were fairly
normal [3,9]. Intriguingly, two horses in Florida with no travel history were reported to
develop cutaneous leishmaniasis caused by Leishmania (Mundinia) species, a form that has
been associated with human disease in other countries [11,12].

Visceral leishmaniasis is not considered endemic among humans in the U.S., although
canine visceral leishmaniasis (caused by Leishmania infantum) is, with a 2% seroprevalence
rate among U.S. dogs in 2003. This value is much higher (>20%) among hunt clubs and ken-
nels [13–17]. Sand fly transmission to humans is possible but not confirmed, however vector
transmission from infected foxhounds to laboratory hamsters has been reported [18,19]
and the widely distributed U.S. sand fly Lu. shannoni is a competent vector [20]. A potential
concern is the recent identification that 19.5% of Iraq-deployed American soldiers have
blood testing which suggests that they have asymptomatic visceral leishmaniasis, including
1% with parasitemia as measured by polymerase chain reaction, persisting up to a decade
after return to the U.S. [2]. With over 2.7 million persons having deployed to Iraq and
Afghanistan in the past two decades, combined with general immigration from global
VL endemic areas to the U.S., there could exist reservoirs for further transmission within
North America. This could be the explanation for the North Dakotan two-year-old child
with no travel history and no pets, who developed cutaneous (eyelid) L. donovani-infantum
infection. North Dakota has no known sand fly vectors, however the mother immigrated
from endemic Nepal the year prior to his birth and may have been asymptomatically
infected, passing on the infection during childbirth via bleeding and trauma/abrasions
to the external eyelids [21]. Potential routes of transmission within the U.S. can therefore
be via sand fly vectors, vertically (maternal-fetal), inoculation, shared equipment during
intravenous drug use, and blood transfusions/tissue transplantation.

2.2. U.S. Leishmaniasis Vectors and Reservoirs
2.2.1. U.S. Sand Flies That Can Potentially Transmit Leishmaniasis

The sand fly vector(s) of human leishmaniasis in the U.S. is not definitively proven
(Table 1). Lu. anthophora is a nest associate of the woodrats that are considered likely
reservoirs within Texas, and L. mexicana has been successfully transmitted to hamsters via
Lu. anthophora bites [22]. In Texas, Lu. anthophora collected at surveillance sites related to
human cases was found positive for L. mexicana [9,23]. Generally, Lu. anthophora has not
been considered anthropophilic and was previously discounted as the vector for human
infection, but a recent report challenges this concept after molecular analysis of two Lu. an-
thophora collected on a patient’s property found that they had taken a human blood meal;
additionally, 4/190 Lu. anthophora collected were L. mexicana PCR positive [9]. The more
anthropophagic vector species Lu. diabolica is commonly found in Texas, and Lu. shannoni
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is present though less frequently; both vectors have been found in the laboratory to be
capable of transmitting L. mexicana and both have been collected at a case’s residence,
though they were not found to be infected with L. mexicana in those instances [9,23–26].
While the avid human biter Lu. diabolica is considered the most likely vector for human
L. mexicana infection in Texas [27], wild-caught leishmaniasis-infected sand flies have not
been identified. Regarding visceral L. infantum infection, notable experiments allowed Lu.
shannoni to feed on symptomatic VL-infected dogs, which then transmitted L. infantum to
uninfected dogs at a low rate (9%) [20]. This suggests that the U.S. has a potential, widely
distributed sand fly vector for VL within its borders.

Table 1. U.S. Sand Flies that may Transmit Leishmaniasis.

Sand Fly Species U.S. Geographic Locations Competent Leishmania Vector

Lu. anthophora Arizona, Oklahoma, Texas L. mexicana [22]

Lu. cruciata Florida, Georgia L. mexicana [28]

Lu. diabolica Texas L. mexicana [27]

Lu. shannoni
Widespread; AL, AR, DE, FL, GA, KY,
KS, LA, MD MO, MS, NC, NJ, OH SC,

TN, TX [26]

L. mexicana [27]
L. infantum [18,20]

? L. major [25]—transmission not
proven, can be infected

2.2.2. Common Animal Reservoirs for Leishmaniasis in the U.S.

The Neotoma species woodrat (colloquially known as gopher rat or pack rat) is a verte-
brate reservoir host for Leishmania mexicana, and implicated species include Neotoma micro-
pus (mainly) and N. floridiana in Texas, as well as N. albigula in southern Arizona [29–33].
They may develop clinical illness with lesions on the ears and swollen feet when infected
with L. mexicana [30]. In surveillance studies L. mexicana prevalence was high; 14.7% in
N. micropus in Bexar county, Texas [32], 5.6–27% in four southern Texas locations [31], and
33% among N. albigula captured in the greater Tucson, AZ area [33]. In a marker-release-
capture study, L. mexicana infection persisted in N. micropus for an average of 190 days
(range 104–379 days) [32] with a mean follow-up of 8.2 months. There is some debate
about additional vertebrate hosts; McHugh surveyed 100 cotton rats (Sigmodon hispidus),
60 opossums, and 20 armadillos in Texas and found no evidence of leishmaniasis [34]. In
northeast Mexico, a systematic ecology survey collected 79 specimens of nine vertebrate
species, where the most common samples were Peromyscus maniculatus (38%), Sigmodon
hispidus (30%), and P. leucopus (16%). Sixteen N. micropus were studied and none were
positive for leishmaniasis; 21% of P. leucopus, 12.5% of S. hispidus and 6% of P. maniculatus
were polymerase chain reaction (PCR) positive for L. mexicana [35]. Additionally, the blood
of 267 wild canids in Pennsylvania and Tennessee was surveyed for Leishmania antibodies
with the recombinant K39 (rK39) immunochromatographic test and 5/267(1.9%) were
positive (one red fox, four coyotes) [36].

2.3. Potential Impact of Climate Change on Autochthonous Leishmaniasis in the U.S.

Vector-borne diseases are sensitive to climatic conditions such as temperature, hu-
midity and precipitation. Temperature increases greater than 1.5 ◦C above pre-industrial
levels are projected by 2030–2052 [37], and Leishmania vector sand flies require increased
temperatures for development and survival (20–26 ◦C, though this seems to vary somewhat
by species) [38–41]. Thus, they may not tolerate freezing over winter. Climate change may
impact the geographic distribution of sand fly populations, facilitate migration, affect the
length of time the vector is seasonally active, increase insect reproduction rate and the size
of the overall insect population, and speed of Leishmania parasite development in the sand
fly. Sand fly dispersal remains limited by geographic barriers such as mountains, high
winds, bodies of water, and the maximal flight distance of the sand fly itself (estimated
at approximately 1000 m) [42]. Ecological niche modeling in North America, using Lu.
anthophora and Lu diabolica as vectors and N. albigula, N. floridiana, and N. micropus as



Microorganisms 2021, 9, 578 4 of 23

reservoirs, included risk components of predicted available habitat, dispersal ability, and
the number of people at risk for potential leishmaniasis exposure. Findings showed a high
risk of leishmaniasis spread north of Texas because of climate change, with range shifts
of Lu. diabolica (reaching the southeast boundary of Canada), N. floridiana to the east, and
Lu. anthophora and N. micropus to the west [43]. This analysis predicted that the human
exposure to leishmaniasis in the United States will double by 2080 [43,44]. Another North
American niche model for climate change scenarios focused on the year 2050 predicted that
temperate sand fly species such as Lu. shannoni and Lu. cruciata will increase with niche
shifts to the northwest and northeast and become the vector species providing the most
contact risk for the U.S. population [45].

2.4. Leishmaniasis in American Travelers
2.4.1. Cutaneous and Mucosal Leishmaniasis

Since leishmaniasis is not a notifiable disease in the U.S. (except for Texas), it is diffi-
cult to assess the magnitude of travel-acquired infection. Historically, leishmaniasis has
mainly been associated with military deployment, with the largest number of American
cases being recorded between 2002–2016 (2040 incident diagnoses of which only 25 were
VL, the remainder representing cutaneous infection). Exposure was primarily related to
Iraq, and less so Afghanistan, travel [1]. The U.S. military does require reporting of all
cases and has a centralized leishmaniasis diagnostic laboratory at the Walter Reed Army
Institute of Research. New World cutaneous leishmaniasis due to Viannia subspecies has
classically been treated with pentavalent antimonial drugs (specifically sodium stiboglu-
conate, Pentostam®) under investigational new drug protocols, with just two sources in
the U.S. (CDC Drug Services and the U.S. Army Medical Materiel Development Activity).
This persisted up until 2007–2010, when off-label liposomal amphotericin for treatment
of CL became more accepted in practice [46,47]. The number of patients treated with
Pentostam® released from the CDC ranged from 22–41 per year from 2004–2009 (per Dr. Re-
becca Chancey). In the American military prior to 2003, about 5–20 patients/year were
treated with Pentostam® during the previous decade, usually related to jungle training in
Latin America. Since the 2014 approval of oral miltefosine for the treatment of cutaneous
and mucosal leishmaniasis due to various L. Viannia species., the distributor Profounda
estimates that about 30 courses per year are provided in the U.S. for treatment of human
leishmaniasis (per Todd MacLaughlan).

There are few systematic accountings of leishmaniasis in American civilian travelers
(Figure 1). Some details of the 69 U.S. travelers who acquired CL in Mexico and Central
or South America between 1985–1990 were published [48]. Demographic characteristics
included: 68% male, age range of 3–64 years, and likely acquisition from one of 14 countries,
with 33 (56%) being tied to Mexico or Central America. Median days of travel outside
the U.S. were 54 (range 4 days–3 years). Some clusters of cases were described related
to forested areas near Puerto Maldonado or Manu National Park in Peru, as well as
Tikal National Park in Guatemala. 27 (46%) of persons with CL were conducting field
studies or school projects and 19 (11%) studied local birds. Clinically, the mean number
of skin lesions/person was 1.4 (range 1–8) distributed primarily on the head/neck and
extremities (20% on head/neck, 38% upper extremities, and 34% lower extremities) [48].
A more recent review of 955 international travelers with cutaneous (916 cases) and/or
mucosal leishmaniasis (ML, 40 cases) seen between 1997–2017 at a GeoSentinel Surveillance
Network clinic (~15 U.S. sites contributed 161 (17%) leishmaniasis cases per Dr. Andrea
Boggild) reported similar demographic characteristics. The majority of cases were male
(62%), with a median age of 30 (range 1–95 years) and median trip duration 47 day (range
1–12,541 days). Interestingly, 10% acquired leishmaniasis on trips lasting ≤2 weeks (mainly
tourists and businessmen). The reason for travel in the GeoSentinel study was: 501 (52.5%)
tourists, 119 (12.5%) visiting friends/relatives, 10% immigrants/refugees, and 88 (9%) were
researchers/volunteer aid workers and missionaries [49]. The most common destinations
associated with a subsequent leishmaniasis diagnosis were Bolivia 156 (18%), Costa Rica
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97 (11%), Afghanistan 60 (7%), Spain 54 (6%), and Peru 49 (6%); for mucosal leishmaniasis
(ML), travel to Bolivia and Peru was associated with most ML cases and mainly seen
in tourists as demonstrated in 29 cases (72.5%) [49]. A recent case series and review of
mucosal leishmaniasis in the U.S. involved eight civilians and three military personnel; it is
most certainly an underestimate, but an important reminder that ML can occur in travelers
even remotely following the presumed period of exposure [50].
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2.4.2. Visceral Leishmaniasis

Travel-related visceral leishmaniasis (VL) has been reported in the U.S. military when-
ever deployments occur to endemic regions. Up to 75 U.S. soldiers developed VL during
World War II after travel to the Persian Gulf Command, Sicily and Southern Italy, the
French Riviera, the India-Burma theater, and northern Africa [51]. During the Persian Gulf
War (1990–1992) Saudi Arabia deployment, eight servicemembers developed oligosymp-
tomatic (so-called viscerotropic) leishmaniasis identified as due to Leishmania tropica [52],
and in the more recent conflicts in Iraq and Afghanistan, 25 additional servicemembers
have been diagnosed with active VL due to Leishmania infantum [1,53]. Additionally, 39
of 200 (19.5%) tested soldiers were found to have asymptomatic VL after deployment to
Iraq, a diagnosis made using a combination of serology, blood PCR, and/or interferon
gamma release assay (IGRA), suggesting that many thousands of returned soldiers may be
persistently infected [2].

3. Emerging Issues Relevant to Leishmaniasis in the United States

Worldwide, cutaneous leishmaniasis is increasing with a global prevalence of
4,166,621 cases in 2017, including a significant female predominance (2.35 million cases) [54].
The top five countries in the 2017 Global Burden of Disease study with the highest age-
stabilized growth in CL cases were Guatemala, Syria, Cameroon, Iraq, and Tajikistan [54].
There has also been a new subgenus added, Leishmania (Mundinia). The recognition of
what was previously called L. enriettii complex (including L. siamensis and L. martiniquen-
sis) extends areas of travel risk for both cutaneous and visceral leishmaniasis, with L.
(Mundinia) orientalis in Thailand and Myanmar [55] and L. (Mundinia) martiniquensis in
the Caribbean joining L. amazonensis and L. waltoni as a cause of autocthonous CL in the
Dominican Republic, Guadelupe, Martinique, Grenada, and Trinidad and Tobago [56]. On
a cautionary note, the molecularly different Leishmania look-alike Crithidia parasites were
recently implicated in a fatal illness similar to VL in an immunocompetent 64-year-old man
in Brazil, which was unresponsive to three courses of liposomal amphotericin [57].
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There are a few diagnostic advances to summarize. While expensive at $2000 per test,
thus restricting use to visceral leishmaniasis, the commercially available Karius® test detects
cell free DNA (cfDNA) using metagenomic sequencing and a computational data analysis
in a plasma sample [58]. This test is validated for detecting L. infantum and L. donovani with
a limit of detection of 33–74 molecules of microbe specific cfDNA (95% at 41 molecules per
microliter), but is not yet FDA-approved/cleared. In the U.S., parasite identification has
become increasingly molecular-based rather than determined by classical cellular acetate
electrophoresis. A new approach is matrix-assisted laser desorption/ionization (MALDI)
mass spectroscopy, which is now being used in clinical laboratories [59].

Treatment options for cutaneous leishmaniasis in the U.S. remain limited, a few recent
changes are highlighted. The CDC has revised their protocol for investigational new drug
use of sodium stibogluconate to allow intralesional as well as systemic use. However,
GlaxoSmithKline is no longer producing Pentostam®, thus requiring identification of a new
source, a process that is currently pending. The U.S. military suspended their development
of topical paromomycin cream, and expanded access is not currently available. Photody-
namic therapy and thermotherapy continue to look promising for treatment of Old World
cutaneous leishmaniasis [60,61]. On the horizon, the Drugs for Neglected Diseases Initiative
is exploring a nitroimidazole 0690 for VL and a modulatory CpG oligonucleotide (CpG-D35)
for complicated CL to improve efficacy of parasite-directed chemotherapy [62,63]. The
recognized role of trained immunity in human leishmaniasis (mediated by IL-32γ) invites
consideration of the nutritional supplement, B-glucan, as an intervention to boost host
defenses, although on review no clinical trials were identified [64,65].

4. Asymptomatic Visceral Leishmaniasis: Emerging Issues in the United States
4.1. Introduction

Visceral leishmaniasis is a spectrum of chronic infection from asymptomatic (latent)
to oligosymptomatic (e.g., viscerotropic leishmaniasis) to symptomatic disease, likely
resulting from an interplay between the host’s immune response to contain the parasite
and the amount of Leishmania protozoa in the blood/tissues. In this respect, an analogous
comparison can be drawn to tuberculosis, another disease wherein many persons may
be infected, however most will only manifest with positive skin tests and while far fewer
will have active disease [52,66–68]. Leishmania infection is chronic, likely persisting for the
life of the host. Most VL infections remain subclinical, with overt symptomatic disease
seen mainly in infants, young children, and immunocompromised hosts. Symptomatic
leishmaniasis is generally associated with levels of up to 200,000 parasites/mL of blood,
while asymptomatic leishmaniasis may only have 0–50 parasites/mL [69,70]. Symptomatic
VL is characterized by a wasting illness with chronic fever, hepatosplenomegaly, and
pancytopenia, and can result in death if not appropriately treated. Like malaria and
American trypanosomiasis, symptomatic VL is a major global parasitic cause of morbidity
and mortality [71]. Despite this, VL is an infection not commonly managed by American
practitioners, a fact that could result in delayed recognition of or inappropriate therapy for
undiagnosed reactivated VL, potentially leading to poor clinical outcomes.

Persons with asymptomatic VL are thought to greatly outnumber those with symp-
tomatic VL by a factor of 4:1 in some locations (East Africa), and as high as 50:1 in others
(Spain) [72,73]. We have established that potentially large numbers of previously deployed
U.S. servicemembers [2] and likely immigrants from endemic global regions (see Table 2)
with asymptomatic VL now reside in the U.S. Asymptomatic VL has medical relevance
because of the potential for secondary transmission via blood transfusion and organ do-
nation, the possible risk of domestic U.S. vector acquisition and subsequent transmission,
and the reactivation risk associated with increasing use of immune modulating treatments
and immunocompromising conditions. A review of L. infantum (syn. chagasi) worldwide
presents varying rates of asymptomatic infection, with specific results depending on the
geographic region and identifying assay used, but range from 5–54% [74–76]. Asymp-
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tomatic VL rates among blood donors in endemic areas of the Mediterranean are reported
as between 1–22% [74].

The geographical distribution of VL in both the Old and New Worlds mirrors the en-
demicity of the implicated pathogens, specifically L. donovani, L. infantum, and L. Mundinia
species. The greatest numbers of cases are reported from Brazil, India, Sudan, Ethiopia,
and Kenya (Table 2) [77]. Globally, cases of VL have declined over the last decade; the
World Health Organization’s (WHO) estimates between 50,000–90,000 VL cases annually,
with a death rate of 95% in untreated cases [77]. The overall decline has been attributed
primarily to VL control efforts made on the Indian subcontinent [78].

Table 2. Leishmania Species Causing VL and Their Geographic Distribution * ± [77,79–81].

Leishmania donovani

• Includes species formerly known as L. archibaldi.

East Africa and Southern Arabia

• Sudan, Ethiopia, Eritrea, Kenya, Uganda, Somalia, South Sudan

Northwestern China

• Xinjiang Autonomous Region

South Asia

• India, Bangladesh, Nepal, Sri Lanka, Pakistan

Leishmania infantum (synonym: L. chagasi)

Central and South America

• Primarily Brazil; also Argentina, Paraguay, Colombia, Venezuela,
Honduras, Guatemala, Bolivia, Mexico, Uruguay

Arabian Peninsula

• Yemen and Saudi Arabia

Mediterranean, North Africa, and Middle East

• Spain, France, Greece, Italy, Portugal
• Tunisia, Balkans, Algeria, Libya
• Israel, Turkey, Iran, Iraq, Kuwait, Syria

Western Asia and China

• Afghanistan
• Provinces of Gansu, Shaanxi, Shanxi and Sichuan; Xinjiang Region

L. (Mundinia) species

• Primarily L. martiniquensis; additional genus members include L.
enriettii complex, L. orientalis

Thailand, Myanmar, Grenada, Martinique

* List is not all encompassing; per WHO, VL is endemic in ~79 countries worldwide [82]. ± Bolded nations estimated to harbor >90% of the
global burden of VL.

4.2. Asymptomatic VL: Immunity and Indicators of Progression

Asymptomatic visceral leishmaniasis (AVL) is variably defined, but it is considered
present when a person demonstrates a positive Leishmania serological, culture, or nucleic
acid-based test implying the presence of parasitic organisms in the absence of clinical
signs or symptoms of active disease. Immune control rather than total eradication of the
parasite is considered to be the most likely outcome following inoculation, so the presence
of anti-leishmanial antibodies (including a positive rK39 assay or direct agglutination
test [DAT]), positive interferon-gamma release assay (IGRA), leishmanin skin test, or
polymerase chain reaction (PCR) are considered indicators of infection. Diagnosis of
asymptomatic or subclinical infections can be obtained by histopathological methods and
culture, though these more invasive tests are not recommended in the absence of clinically
evident illness [73].

Accepting that asymptomatic persons with positive leishmaniasis tests have chronic
infection and not just evidence of an immune response to prior infection implies that the
host immune response required to achieve complete eradication is ineffective. Leishmania
species achieve immune evasion and modulation by modifying cell signaling, surviving
inside the phagosome, attenuating antigen presentation, and overall dampening of the
normal immune response [83]. Indeed, immunomodulation is present from the first stages
of infection, as demonstrated by studies showing the immunosuppressive effects of sand
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fly saliva and how its co-inoculation enhances the parasites’ ability to establish early
infection [84]. The Leishmania parasite has been shown to persist in the spleen and bone
marrow of mouse and non-human primate models [85–87]. A study of L. infantum infection
in rhesus macaques showed that despite immunological control of early parasitemia,
complete eradication from the reticuloendothelial system was not achieved, ultimately
resulting in an inability to produce and sustain an effective, highly specific IgG antibody
response, leading to parasite spread and disease progression [87]. Thus, in the presence of
a reasonable exposure history and a positive leishmanial test result, it is prudent to assume
that asymptomatic VL is present.

The natural history of VL may involve chronic asymptomatic infection (disease con-
trol), or progression to symptomatic disease. Studies in animal models have found that the
interplay of IL-10, IL-12, INF-γ, and TNF-α was crucial to infection control [88]. Interleukin-
10 signaling was needed for parasite persistence and latency, whereas IL-10 knockout mouse
models are resistant to infection [87,89]. A Th1-type immune response driven by IL-12,
INF-γ, and TNF-α is required for disease control; fatal leishmaniasis infection occurred in
TNF-α knockout models [87,88].

Several studies assessed laboratory markers that correlated with progression from
asymptomatic to symptomatic VL (Table 3). Among 1600 persons in endemic regions of
India followed for three years by Chakravaty et al., 17 (1%) new cases of VL were identified.
DAT, rK39, Leishmania IGRA, quantitative PCR, and genotyping were analyzed as possible
biomarkers for progression to symptomatic VL. Those with a positive blood qPCR or strong
positive DAT and/or rK39 assay results showed a statistically significant increased odds
of progression to symptomatic disease (odds ratios of 20.9, 19.1, and 30.3, respectively);
symptomatic VL tended to occur quickly after seroconversion (median 5 months) [90].
In another study, Das et al. determined immunological risk factors for AVL progression
utilizing different parameters [91]. Screening 5794 persons from endemic villages in India
with rK39, DAT, and qPCR blood testing, they determined the risk of progression to
symptomatic disease based on how many of these individuals were positive for one, two,
or all three of these markers. This study identified 42 persons with positive results on
all three of these assays, and 23.8% of these individuals progressed to active VL over the
course of 6 months (Table 3) [91].



Microorganisms 2021, 9, 578 9 of 23

Table 3. AVL and Biomarkers for Progression to Symptomatic VL.

Study Name (Year)
[Reference] Location Species Study Size Tests Used Follow-Up

Duration Risk of Progression Factors Associated with Risk of Progression

Evans et al. (1995) [92] Brazil L. infantum 653
(children)

Anti-leishmanial
antibodies 5 years 6.1% Seroconversion; living in household with prior

VL case

Hasker et al. (2014) [93] India, Nepal L. donovani 32,529 rK39, DAT 1 year

6.4% (India; high baseline DAT)

High titers of rK39 and/or DAT;
new seroconverters

9.8% (Nepal; high baseline DAT)

7.3% (India; high baseline rK39)

7.7% (Nepal; high baseline rK39)

12.5% (India; new seroconversion)

9.1% (Nepal; new seroconversion)

Chapman et al. (2015) [94] Bangladesh L. donovani 2410 rK39 3 years 14.7% High titer rK39, especially in
new seroconverters

Chakravaty et al. (2019) [90] India L. donovani 1606 rK39, DAT, IGRA, qPCR 3 years 1.6% (8/476 known seroconverters) High titer DAT; high titer rK39; +qPCR

Das et al. (2020) [91] India L. donovani 5794 rK39, DAT, qPCR 6 months

3.27% (+ rK39 only)

+ for mid-high titer rK39 and DAT plus + qPCR8.33% (+rK39 and DAT)

23.8% (+rK39, DAT, and qPCR)
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In recent decades, the L. infantum outbreak in the southwest environs of Madrid, Spain
illustrated important risk factors for VL, as well as the prevalence of asymptomatic infection.
In the towns of Fuenlabrada, Leganés, Getafe, and Humanes de Madrid, the annual
incidence of reported leishmaniasis infections rose >40-fold from 0.5 cases/100,000 persons
per year in 2000–2009, to 22.2/100,000 persons per year between mid-2009–2012; the town of
Fuenlabrada alone saw 43.5/100,000 cases per year [95,96]. 446 total cases of leishmaniasis
were confirmed during the first three years, with VL comprising 35.9% (160 cases); this
overall total subsequently increased to 758 by the beginning of 2018 [97]. Interestingly,
persons who were identified as being of African origin developed a disproportionately
greater amount of VL (89% of leishmaniasis cases among Africans were VL). 31.3% of
VL cases were identified as having an underlying immunocompromised state; HIV was
present in 10%, and 15.6% were taking some form of immunosuppressive medication [95].

An additional study on asymptomatic VL investigated 804 healthy persons from
Fuenlabrada with no history of symptomatic leishmaniasis, using DAT, immunofluorescent
antibody (IFAT), PCR, or a whole blood stimulation assay (WBA) with IL-2 quantification
for detection of infection. Asymptomatic infection was defined as a positive result on any
of these tests in the absence of signs or symptoms of active disease. The WBA-IL2 proved
to be the most sensitive test, with 20.7% of the sample testing positive, as compared to 0%,
0.11%, and 1.0% of PCR, IFAT, and DAT tests, respectively [97]. This prevalence (20.7%) is
similar to values noted for the leishmanin skin test (LST) when it was used as a screening
tool for AVL in Georgia (19.3% LST positive) and Ethiopia (23.1%) [97–99].

4.3. Asymptomatic VL: Diagnostic Approach in the U.S.

Testing for asymptomatic visceral leishmaniasis is rarely performed outside of a re-
search setting. Guidelines for the diagnosis of symptomatic leishmaniasis in North America
have been published, though the specific assays that are favored may vary depending upon
the specific clinical setting, disease endemicity, and available testing capabilities [100].

A practical approach in a low prevalence setting like the U.S. may involve using appro-
priate serologies for screening symptomatic persons coupled with direct parasite detection
via histopathology, parasite culture, and/or PCR for confirmation. Of note, anti-leishmanial
antibodies have been associated with cross-reactivity to other protozoan pathogens, includ-
ing T. cruzi in humans as well as T. gondii (among others) in canines [101,102]. Serological
assays may be less sensitive in those with immunocompromise (especially HIV) [103,104].
However, persons with AIDS often have higher burdens of parasitemia, increasing the
sensitivity of parasitological diagnosis via microscopy and PCR testing [103,105,106].

The sole American population surveyed for asymptomatic VL was healthy U.S. ser-
vicemembers who had deployed to Iraq; the most frequently positive test (27/39; 69%) was
the L. infantum interferon gamma release assay (IGRA) [2]. Unfortunately, the rK39 im-
munochromatographic test (approved by the Food and Drug Administration) has not been
found helpful in asymptomatic L. infantum in studies in Brazil, Spain, and the U.S. [107,108].

There are currently three reference laboratories for leishmaniasis diagnostic testing
in North America: McGill University in Montreal, Canada; the CDC in Atlanta, Georgia;
and the Walter Reed Army Institute of Research in Silver Spring, Maryland (military
beneficiaries only) [100]. Histopathology review, parasite culture, tissue PCR, rK39 serology,
and species identification are offered. However, testing that would assist with diagnosis of
asymptomatic VL (IGRA, WBA, blood PCR, Leishmanin skin test) is restricted in the U.S.
to Leishmania IgG (an assay that has not been tested in any AVL surveillance) and perhaps
the Karius test®.

Molecular testing (such as PCR amplification targeting leishmanial gene sequences) is
of increasing importance [109]. Quantitative PCR can be performed on multiple tissue types
including blood, and shows great promise with very high sensitivity and specificity (both
>90%) [107]. This modality also appears to roughly correlate with parasite load, and with
further study could potentially help discriminate between latent versus active subclinical
disease [110]. Additionally, it may also be useful for monitoring response to therapy and
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identifying reactivation in immunosuppressed patients, due to the higher infectious burden
and greater likelihood of circulating parasites in this population. Unfortunately, this test is
not yet available in the aforementioned North American reference laboratories.

4.4. Reactivation, Prophylaxis, and Screening for AVL in Immunosuppressed Populations

There are several clinical settings where leishmaniasis poses significant risk for severe
disease or reactivation. Historically, the most experience has been in advanced HIV disease,
the risk for which has been greatly ameliorated with effective antiretroviral therapy and
associated immune reconstitution. However, with increasing prevalence of organ trans-
plantation and novel immunomodulatory therapies, other sources of immunosuppression
are gaining importance. Reactivation is an emerging concern in the U.S. with a new pool
of potentially thousands of AVL-infected veterans as well as immigrants from endemic
regions (Middle East/North Africa [MENA], Latin America) who have ready access to and
may one day require immunosuppressing therapies. Thus, the lifelong risk of reactivation,
even remote from initial exposure, plays a critical role in this population.

4.4.1. HIV-VL Co-Infection

The first incidence of HIV-leishmaniasis co-infection was reported in 1985, and a
synergistic relationship has since been identified between the two infections. This is
perhaps unsurprising, as infection and evasion of immune cells is central to both pathogens’
life cycle. VL increases HIV viral loads, may increase expression of latent virus, causes
more rapid progression to AIDS, and reduces overall life expectancy [111–113]. HIV in turn
increases the risk of both VL progression and mortality; indeed, whereas the mortality from
VL in the setting of a transplanted organ has been reported to be around 22%, in a patient
with poorly controlled HIV the mortality from VL rises to 25–46% [103,114,115]. HIV-VL
co-infection increases the rate of progression to symptomatic VL by 100 to 2300-fold as
compared to those without HIV infection, with the greatest risk occurring when CD4 T cell
counts drop below 200 [111,115]. In southern Europe, between 5.6–16% of persons with
HIV are suspected to have concomitant AVL [116].

4.4.2. Solid Organ and Hematopoietic Transplantation

There are three ways in which a transplant recipient could acquire VL: first, due to
transmission from undetected infection in the donor organ; second, via reactivation of a
latent infection in the recipient once immune suppressed; and third, via de novo acquisition
of a new infection in the post-transplant period. In the organ transplant population, it
has been estimated that the overall risk of developing VL increases approximately 4-fold
as compared to non-transplanted patients [117]. Data from the outbreak in Madrid have
suggested that this figure may be even higher, with the risk of such an event in this cohort
about 135 times greater than the immunocompetent population [118]. Incidence data for
diagnosis of VL from 10 transplant centers in Spain and two in Brazil were acquired by
retrospective record review of over 25,000 solid organ transplant patients between the
years 1995–2012, and showed that 36 patients developed VL for an incidence of 0.1% [44].
A median of 11 months elapsed between transplantation and VL diagnosis (7 months in
Brazil; 17 months in Spain), with kidney transplant recipients constituting the majority of
affected persons (25 of 37 cases, 67.5%).

These findings are consistent with other data on transplant-associated VL, which
tends to develop subacutely at a median of 6 to 19 months post-transplant depending on
the organ involved (earlier for liver, later for kidney transplants) [114,117]. A review in
2018 by Akuffo et al. noted 148 total cases of transplant-associated VL, with 121 (82%) of
those occurring in renal transplant recipients [118]. Overall prevalence of symptomatic VL
in transplant recipients is estimated at around 0.05–0.9%, with the risk in non-VL endemic
countries such as the U.S. probably lower [117,119]. Organ rejection and concomitant
use of high-dose corticosteroids serve as prominent risk factors. Interestingly, transplant-
associated VL may favor a more atypical presentation lacking some of the characteristic



Microorganisms 2021, 9, 578 12 of 23

clinical features. Treatment and diagnosis are similar to persons without transplant, with
liposomal amphotericin B being the favored therapy. Importantly, restoration of a functional
immune response is a foundational part of treatment, and an effort should be made to
reduce the intensity of immunosuppression in transplant patients with VL [100,119].

Data in the setting of hematopoietic transplantation is scarce. A case series reviewed
11 reported cases of VL, with a predominance of allogeneic over autologous transplant
recipients (9 versus 2, respectively) [120]. VL was diagnosed by standard methods, and
good treatment responses were achieved with liposomal amphotericin, although half of
the patients with follow-up data available experienced relapse within 8 months. Interest-
ingly, the onset of disease in this limited cohort occurred a median of 23 weeks following
marrow transplant, faster than what has been reported for most solid organ transplant
recipients [120]. The reason for this finding is unclear, however increased sampling (due to
a low threshold for repeat bone marrow examinations in hematopoietic cell transplantation)
may be a factor in shortening the time to diagnosis.

4.4.3. Biologic Agents

Modern therapeutics have also seen the rise of novel immunosuppressive and im-
munomodulatory agents, many of which have been tied to VL activation [103]. Among
these, tumor necrosis factor-α (TNF-α) antagonists bear special mention. There are cur-
rently five such agents in use in the U.S. (etanercept, infliximab, adalimumab, certolizumab
pegol, and golimumab), and their mechanism of action provides for a plausible immuno-
logic means for interaction with leishmanial infection. TNF-α is a critical cytokine for
the development of a strong Th1-mediated immune response, and it is primarily pro-
duced by macrophages to stimulate multiple other cell types including phagocytes and T
lymphocytes; it also plays a key role in granuloma formation.

Visceral leishmaniasis occurring in the setting of TNF-α administration has been
recognized in case reports from Europe since at least 2004 [121,122]. One review of such
patients recounted 32 cases of leishmaniasis (16 visceral) occurring in or being directly
traced to endemic regions [121,123–125]. Additional epidemiology comes from studies of
at-risk populations in Italy and Spain looking at the prevalence of positive leishmaniasis
testing in patients on TNF-α inhibitor therapy. Amongst a cohort of 50 patients on biologic
agents in northern Italy (compared to matched cohorts of immunocompetent persons
and persons on non-biologic therapies) there were 18 patients (36%) with PCR evidence
of underlying L. infantum infection; three of them had parasite burdens of greater than
1,000,000 parasites/mL, yet were still asymptomatic This was a statistically significant
difference as compared to the immunocompetent group, where only 4 of 50 patients (8%)
were PCR positive. Interestingly, no patient on non-biologic therapies tested positive for
leishmanial infection [126]. Another study examined the prevalence of asymptomatic L.
infantum infection in a cohort of 192 inflammatory bowel disease patients taking TNF-α
inhibitors in Catalonia, Spain. This study defined AVL as positive anti-leishmanial antibod-
ies and/or peripheral blood PCR, and found that the overall prevalence of asymptomatic
disease was 10.9% (3.1% antibody positivity; 8.8% PCR positivity) [127].

Several common themes appear to have emerged, including an association with all
forms of leishmaniasis, a generally typical disease presentation, a prolonged interval
period between TNF-α inhibitor initiation and symptomatic disease onset (median of
18 months in one series), and a relatively greater risk associated with monoclonal antibody
constructs (e.g., adalimumab, infliximab) as compared with the pseudo-TNF receptor
etanercept [128,129]. This latter phenomenon may in part be related to the ability of
monoclonal antibodies to inhibit both soluble and transmembrane forms of TNF-α, whereas
etanercept can only neutralize the soluble molecule, resulting in somewhat less potency
and a concomitant lower risk of reactivation and dissemination [130].

Treatment guidance for TNF-blockade associated VL is limited to the experience cited
in case series; good outcomes with relatively low recurrence rates have been attained
with standard anti-leishmanial therapies coupled with reduction in or temporary cessa-
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tion of immunosuppression, and over 90% of patients can achieve clinical cure with this
approach [125,129]. Zanger et al. reported leishmanial recurrence in two of seven rechal-
lenged patients (one cutaneous and the other mucosal leishmaniasis), with no relapses of
VL in the other five. Among 49 TNF-alpha inhibitor recipients with cutaneous, mucosal,
and visceral leishmaniasis (predominately cutaneous) in the Mediterranean region; relapse
was uncommon (5 out of 49 patients), but it was associated with a failure to discontinue
the patient’s immunosuppressive agent [119]. Whether anti-TNF agents can safely be
reinstituted following treatment of an initial episode of VL remains unclear at this time,
and should be done with close clinical monitoring.

4.5. VL Prophylaxis and Screening within the U.S.
4.5.1. VL Primary and Secondary Prophylaxis

There are no recommendations for primary prophylaxis of VL within the U.S. at this
time [131–135]. U.S. guidelines specifically recommend against prophylactic or pre-emptive
therapy [118,133–135]. While recognizing the threat that reactivation of VL may pose,
there is presently no data to support clear benefit from implementation of a prophylactic
regimen in the absence of prior active disease. Factors that contribute to this stance in
the U.S. include the extremely low historical prevalence and the toxicity of available
treatments. Reactivation risk in persons with AIDS is drastically reduced with the initiation
of effective antiretroviral therapy (ART), thus U.S. guidelines endorse starting ART as
soon as possible, even when underlying VL is present or suspected. Indeed, although
an immune-reconstitution syndrome has been described in case reports of HIV-VL co-
infection, there are no reports suggesting worse outcomes following prompt antiretroviral
initiation [136].

There is, however, a clear role for secondary prophylaxis of VL in HIV patients. In
persons with HIV not receiving ART who have a prior episode of VL, the relapse rate at
one year is as high as 90%; however, with effective prophylaxis this can be significantly
reduced [116,137]. Use of either amphotericin or pentavalent antimony are options, with a
liposomal formulation of amphotericin given once every 2–4 weeks being preferred in the
U.S. Secondary prophylaxis can likely be stopped after immune reconstitution (CD4 count
>200) and virologic suppression [133,138]. Though the relapse rate in solid organ transplant
is estimated to be as high as 25%, secondary prophylaxis is not recommended in persons
who have undergone solid organ transplantation until a first relapse has occurred [139].
Secondary prophylaxis in the setting of TNF-α inhibitors has not been described. Persons
with a history of VL during immunosuppression require prolonged (and likely lifelong)
monitoring, as neither treatment nor secondary prophylaxis can fully prevent the possibility
of further relapses [100].

4.5.2. Screening

Testing for asymptomatic leishmanial infection is not currently recommended in any
U.S guideline prior to organ transplantation, during the evaluation of newly diagnosed
persons with HIV, or before initiation of immunosuppressive medications [132–135]. This
is largely due to lack of available data to support the benefit of such a practice. Addi-
tionally, because the exact role that asymptomatic persons may play in ongoing chains of
transmission remains to be elucidated (see Section 5.3), the benefit of screening within this
population is yet to be determined. Further studies clarifying the role of AVL within a
population are needed, and could potentially influence the current management practices
for persons living with this entity. Currently, known VL seropositive status in an organ
donor or recipient is not a contraindication to transplantation in the U.S.; close clinical
monitoring for reactivation following transplantation is advised [100,132].
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5. Prevention, Secondary Transmission, and U.S. Vector-Borne Transmission of VL

As there is no VL vaccine available, prevention efforts focus on minimizing the risk of
vector exposure while traveling in endemic regions by limiting outdoor activities at night
when sand flies are most active, wearing long-sleeved clothing, and the use of bed nets
and insect repellent [140].

5.1. Blood Product Transfusions and Visceral Leishmaniasis

Blood products are not screened for leishmaniasis in the U.S., however transmission of
leishmaniasis has been documented via blood transfusion [141,142]. Two reviews discussed
13 reports, with most instances occurring in children age six or younger; both L. donovani
and L. infantum were implicated [141,143]. Serosurveillance of Brazilian dialysis patients
found a VL prevalence of 5.4–9% overall, but as high as 25% in some areas [144,145]. Among
multiply transfused hemodialysis patients in one series, the seroprevalence reached 37%,
and after follow-up of 27 seropositive patients, four developed symptoms of active VL [144].
Within France, 41.4% of asymptomatic blood donors screened positive for VL in a recent
single-center study [146]. Such statistics pose a quandary within the U.S., particularly
with regard to the military practice of using a “walking blood bank” in the deployed
environment to quickly administer massive whole blood transfusions in the setting of
severe war trauma. Though such actions can be life-saving in the acute period, the risk
of potential transfer of cell-associated pathogens like VL species during resuscitation in
endemic regions has not been assessed.

Methods for mitigating the risk posed by leishmanial parasite contamination of blood
have been proposed [143]. One strategy relies upon leishmanial parasites residing within
macrophages, therefore making them susceptible to removal by leukoreduction filters.
Use of leukoreduction filters on blood samples which were positive for leishmanial DNA
was able to revert these samples to PCR-negative status following filtration [147]. Other
techniques that have shown promise include riboflavin or the psoralen-related compound
amotosalen coupled with UV light treatment, as well as thiopyrylium treatment [143].

5.2. Transplant-Related Transmission

Leishmaniasis transmission could occur via pre-existing asymptomatic infection in
an organ donor, which is shared with the recipient during transplantation. The risk of an
infection-naïve patient acquiring VL from an infected donor organ is not known, mainly
due to a lack of screening of both organ donors and recipients for asymptomatic leishmanial
infection. A case report from the United Kingdom illustrated this principle; after a liver
transplant patient in the U.K. developed worsening cytopenias, a bone marrow biopsy
revealed the presence of Leishmania amastigotes. As the patient had no apparent history
of exposure to endemic regions, the donor’s serum was tested and returned positive for
leishmaniasis (donor was noted to have a history of travel to India) [148]. Review of all
reported cases of parasitic disease occurring in post-solid organ transplant patients from
1996–2016 revealed 151 cases of leishmaniasis; one case (0.7%) was determined to represent
post-transplant de novo acquisition, five cases (3.3%) were considered reactivation of
latent infection in the recipient, and the origin of the remainder (96%) was unknown [149].
Reassuringly, although the risk of VL acquired via organ transplant is yet to be fully defined,
available data supports that transplant-related VL is uncommon, even in leishmaniasis
endemic regions [139].

5.3. AVL and Potential Domestic Transmission via U.S. Sand Flies

Lu. shannoni is a competent sand fly vector of Leishmania infantum and is widely
distributed in the U.S. [26]. This raises the spectre that introduction of L. infantum (possibly
by asymptomatic, previously deployed U.S. military servicemembers, or infected hunting
and companion dogs) could lead to vector borne transmission of VL within the U.S. To
better understand the risk that persons with AVL may pose with regard to anthroponotic
spread, several studies have been performed within endemic countries using xenodiag-
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nosis. Molina et al. in the wake of the aforementioned Madrid outbreak identified four
groups of persons with current or previous VL: asymptomatic immunocompetent persons
(14 with AVL, 10 with no evidence of prior VL), untreated persons with symptomatic
VL, formerly symptomatic VL patients post-treatment, and three immunocompromised
patients with VL (two persons with HIV, one on therapy for multiple myeloma) [150]. None
of the 14 asymptomatic VL individuals were found on xenodiagnosis to transmit infection
to the sand flies. Amongst persons with a history of VL, none of those who had received
treatment permitted VL transmission to sand flies, however two individuals with active
but untreated disease were able to transmit; notably, most of this transmission occurred in
one individual with a high parasite load of 1050 parasites/µL as measured by quantitative
PCR. The most effective reservoirs for transmission were the immunosuppressed persons.
The risk of transmission correlated with parasite burden, with transmission frequency
reaching as high as 30.6% in the patient with hematologic malignancy whose parasite
load was 4360/µL prior to VL treatment, and 48.6% in one of the two HIV/VL co-infected
individuals (608 parasites/µL). Strikingly, this latter individual continued to have de-
tectable parasitemia and showed anthroponotic transmission potential even while taking
anti-retroviral therapy and following treatment and institution of secondary prophylaxis
for his Leishmania infection [150]. Previous work in six HIV-VL infected persons showed an
association between low CD4 count and infectivity to sand flies [151,152]. Further weight
to this finding is provided by Ferreira et al. in Brazil, who examined 61 persons for their
ability to transmit L. infantum to the primary local vector, Lu. longipalpis. The studied
cohort was divided into four groups: AVL with and without HIV co-infection (2 and
18 persons, respectively), and symptomatic VL with and without HIV co-infection (20 and
20 persons). Positive xenodiagnosis of sand fly infection was confirmed by positivity on
microscopy and/or PCR. Amongst the persons without HIV, those with symptomatic VL
were significantly more infective to sand flies that those who were asymptomatic. Amongst
symptomatic patients, those with HIV were more likely to be positive by microscopy,
however PCR-positivity was equal between both HIV-infected and HIV-uninfected groups.
Notably, however, the HIV infections in this population were relatively well-controlled.
Although the final analysis concluded that both symptomatic disease and HIV infection
were associated with an increased ability to transmit infection to sand flies, perhaps the
most interesting finding was that 5.4% of sand flies fed on asymptomatic, HIV-uninfected
persons were found Leishmania PCR positive. Though sand fly infection could not be
confirmed by microscopy, this finding suggests that humans with AVL and no underlying
immunosuppression may be able to act as reservoirs, with the potential for low levels of
anthroponotic spread [150].

Taken together, these results demonstrate the potential for anthroponotic transmission,
with the greatest risk stemming from parasitemic immunocompromised persons [151].
However, although anthroponotic spread is possible, more research is needed before
a realistic determination as to the risk of this occurring within U.S. borders is made.
Specifically, xenodiagnostic studies using Lu. shannoni would be particularly illuminating.

6. Possible Long-Term Risks of Asymptomatic Visceral Leishmaniasis?

Uncertainty surrounds our knowledge of what effects subclinical, chronic VL might
have years and even decades after initial infection. Chronic inflammation, regardless
of etiology, often has deleterious effects on health. The chronic inflammatory state is
broadly implicated in the dysfunction of multiple organ systems and has been identified
as a strong risk factor for the development of many common causes of morbidity and
mortality, including cardiovascular disease, diabetes, malignancy, chronic kidney disease,
and neurodegenerative disorders such as Alzheimer’s dementia [153]. Indeed, aging
appears to be accompanied by a progression towards upregulation of certain inflammatory
pathways, which may contribute significantly to disease in older populations [154]. Thus,
it can be implied that the additional inflammatory burden imposed by chronic infection
may hasten these processes, and while there are many causes of chronic inflammation, the
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unique relationship that leishmaniasis shares with the immune system perhaps constitutes
a particular risk for long-term consequences.

Fundamentally, human leishmaniasis is an infection of macrophages. Macrophages,
in turn, are one of the most active components of our immune system, responsible not only
for phagocytosis of pathogens but also recruitment and activation of other inflammatory
cells critical to both the innate and adaptive immune responses. Animal models have
demonstrated features of the aberrant immune response engendered by visceral leishmani-
asis, however longitudinal studies examining the more remote macroscopic consequences
of this immune escape and dysregulation are lacking [155].

Though the effects that chronic asymptomatic visceral leishmaniasis may have on
humans remain to be defined, there are examples of other chronic immunomodulatory
illnesses that are known to produce either poor or co-morbid outcomes. With effective
ART, HIV has become a prototypical example. Indeed, even when HIV viral replication is
controlled, other non-AIDS-related illnesses (including cardiovascular disease, neurocogni-
tive disease, osteoporosis, liver disease, kidney disease, and non-AIDS defining cancers)
occur at an increased rate in this population [156–158]. As our understanding and ability
to treat this disease has advanced, so too has the need to recognize, address, and effectively
manage other important long-term issues [156,159,160].

The same is likely true of leishmaniasis. Like HIV, leishmanial infection involves
chronic infection of and residence within the immune system, and parasite persistence
necessarily requires immunomodulation characterized by deviation away from appropri-
ate immunologic responsiveness toward a pattern involving both abnormal stimulation
and immune tolerance [161,162]. Could we still be yet to see the impact of this chronic
inflammation among thousands of U.S. veterans, with unrecognized asymptomatic VL
someday leading to “premature aging” consequences? While the ultimate outcome and
clinical significance of this are yet to be elucidated, it is a question that deserves further
study as progress is made in the treatment and control of visceral leishmaniasis.

7. Conclusions

Though great strides have been made in some parts of the world, leishmaniasis
continues to represent a significant global cause of morbidity and mortality that dispropor-
tionately affects the underserved and impoverished. We have been fortunate here in the
U.S. that this disease has remained uncommon, with endemically acquired human cases
being restricted thus far to cutaneous forms of L. mexicana. However, a number of factors
provide cause for concern and increased vigilance regarding the future potential for greater
incidence of both cutaneous and visceral leishmaniasis in the previously low prevalence
setting of the United States. Climate change, the presence of competent reservoirs and
vectors, significant population subsets with clear exposure/infection risks (Latin American
immigrants and previously deployed military servicemembers), and widespread use of
advanced medical therapies such as organ transplant and potent immunosuppressive med-
ications all combine to create an environment where increased acquisition of domestically
encountered leishmanial infections is a plausible possibility. The first (and perhaps most
fundamental) step in combating such an event is raising awareness of this disease amongst
a population of healthcare providers with little experience in its recognition, diagnosis, and
treatment. We provide such a summary, with the goal that patients and physicians both
within the U.S. and abroad may benefit from this review of recent developments, emerging
challenges, and new thinking in this field.

Author Contributions: Conceptualization, J.M.C. and N.E.A.; investigation, J.M.C., N.E.A.; writing—
original draft preparation, J.M.C. and N.E.A.; writing—review and editing, N.E.A. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable. Institutional Review Board approval was
not required for this review article.



Microorganisms 2021, 9, 578 17 of 23

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We thank Michael Libman and the GeoSentinel Surveillance Network for provid-
ing their data on numbers of leishmaniasis cases reported from U.S. travel clinics, Todd McLaughlan
for data related to miltefosine sales in the US, and Rebecca Chancey, Parasitic Disease Branch, Center
of Global Health, CDC for providing numbers of patients treated with Pentostam® released by the
CDC Drug Services.

Conflicts of Interest: The content and views expressed in this article are those of the author and do
not reflect the official policy of the Department of the Army/Navy/Air Force, Department of Defense,
or U.S. Government. The authors declare no financial conflict of interest relevant to this review. J.M.C.
and N.E.A. receive Department of Defense funding to study asymptomatic visceral leishmaniasis.
N.E.A. receives royalties from Elsevier and UpToDate for editorial and chapter writing activities. The
funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in
the writing of the manuscript, or in the decision to publish the results.

References
1. Stahlman, S.; Williams, V.F.; Taubman, S.B. Incident diagnoses of leishmaniasis, active and reserve components, U.S. Armed

Forces, 2001–2016. MSMR 2017, 24, 2–7.
2. Mody, R.M.; Lakhal-Naouar, I.; Sherwood, J.E.; Koles, N.L.; Shaw, D.; Bigley, D.P.; Co, E.-M.A.; Copeland, N.K.; Jagodzinski, L.L.;

Mukbel, R.M.; et al. Asymptomatic Visceral Leishmania infantum Infection in US Soldiers Deployed to Iraq. Clin. Infect. Dis. 2019,
68, 2036–2044. [CrossRef]

3. McHugh, C.P.; Melby, P.C.; Lafon, S.G. Leishmaniasis in Texas: Epidemiology and clinical aspects of human cases. Am. J. Trop.
Med. Hyg. 1996, 55, 547–555. [CrossRef] [PubMed]

4. Maloney, D.M.; Maloney, J.E.; Dotson, D.; Popov, V.L.; Sanchez, R.L. Cutaneous leishmaniasis: Texas case diagnosed by electron
microscopy. J. Am. Acad. Dermatol. 2002, 47, 614–616. [CrossRef] [PubMed]

5. Wright, N.A.; Davis, L.E.; Aftergut, K.S.; Parrish, C.A.; Cockerell, C.J. Cutaneous leishmaniasis in Texas: A northern spread of
endemic areas. J. Am. Acad. Dermatol. 2008, 58, 650–652. [CrossRef] [PubMed]

6. Clarke, C.F.; Bradley, K.K.; Wright, J.H.; Glowicz, J. Case report: Emergence of autochthonous cutaneous leishmaniasis in
northeastern Texas and southeastern Oklahoma. Am. J. Trop. Med. Hyg. 2013, 88, 157–161. [CrossRef]

7. McIlwee, B.E.; Weis, S.E.; Hosler, G.A. Incidence of Endemic Human Cutaneous Leishmaniasis in the United States. JAMA
Dermatol. 2018, 154, 1032–1039. [CrossRef]

8. Taxy, J.B.; Goldin, H.M.; Dickie, S.; Cibull, T. Cutaneous Leishmaniasis: Contribution of Routine Histopathology in Unexpected
Encounters. Am. J. Surg. Pathol. 2019, 43, 195–200. [CrossRef] [PubMed]

9. Kipp, E.J.; De Almeida, M.; Marcet, P.L.; Bradbury, R.S.; Benedict, T.K.; Lin, W.; Dotson, E.M.; Hergert, M. An Atypical Case of
Autochthonous Cutaneous Leishmaniasis Associated with Naturally Infected Phlebotomine Sand Flies in Texas, United States.
Am. J. Trop. Med. Hyg. 2020, 103, 1496–1501. [CrossRef]

10. Herwaldt, B.L.; Arana, B.A.; Navin, T.R. The Natural History of Cutaneous Leishmaniasis in Guatemala. J. Infect. Dis. 1992, 165,
518–527. [CrossRef]

11. Reuss, S.M.; Dunbar, M.D.; Mays, M.B.C.; Owen, J.L.; Mallicote, M.F.; Archer, L.L.; Wellehan, J.F., Jr. Autochthonous Leishmania
siamensis in horse, Florida, USA. Emerg. Infect. Dis. 2012, 18, 1545–1547. [CrossRef]

12. Menezes, R.; Campos, M.; Popielarczyk, M.; Kiupel, M. Cutaneous Leishmaniosis caused by Leishmania martiniquensis in a Horse
in Florida. J. Comp. Pathol. 2019, 173, 13–18. [CrossRef]

13. Anderson, D.C.; Buckner, R.G.; Glenn, B.L.; MacVean, D.W. Endemic Canine Leishmaniasis. Veter. Pathol. 1980, 17, 94–96.
[CrossRef] [PubMed]

14. Duprey, Z.H.; Steurer, F.J.; Rooney, J.A.; Kirchhoff, L.V.; Jackson, J.E.; Rowton, E.D.; Schantz, P.M. Canine Visceral Leishmaniasis,
United States and Canada, 2000–2003. Emerg. Infect. Dis. 2006, 12, 440–446. [CrossRef] [PubMed]

15. Grosjean, N.L.; Vrable, R.A.; Murphy, A.J.; Mansfield, L.S. Seroprevalence of antibodies against Leishmania spp. among dogs in
the United States. J. Am. Veter. Med. Assoc. 2003, 222, 603–606. [CrossRef] [PubMed]

16. Boggiatto, P.M.; Gibson-Corley, K.N.; Metz, K.; Gallup, J.M.; Hostetter, J.M.; Mullin, K.; Petersen, C.A. Transplacental Transmission
of Leishmania infantum as a Means for Continued Disease Incidence in North America. PLoS Negl. Trop. Dis. 2011, 5, e1019.
[CrossRef] [PubMed]

17. Petersen, C.A. Leishmaniasis, an Emerging Disease Found in Companion Animals in the United States. Top. Companion Anim.
Med. 2009, 24, 182–188. [CrossRef]

18. Schaut, R.G.; Robles-Murguia, M.; Juelsgaard, R.; Esch, K.J.; Bartholomay, L.C.; Ramalho-Ortigao, M.; Petersen, C.A. Vectorborne
Transmission of Leishmania infantum from Hounds, United States. Emerg. Infect. Dis. 2015, 21, 2209–2212. [CrossRef]

19. Petersen, C.A. New Means of Canine Leishmaniasis Transmission in North America: The Possibility of Transmission to Humans
Still Unknown. Interdiscip. Perspect. Infect. Dis. 2009, 2009, 802712. [CrossRef]

http://doi.org/10.1093/cid/ciy811
http://doi.org/10.4269/ajtmh.1996.55.547
http://www.ncbi.nlm.nih.gov/pubmed/8940988
http://doi.org/10.1067/mjd.2002.124606
http://www.ncbi.nlm.nih.gov/pubmed/12271311
http://doi.org/10.1016/j.jaad.2007.11.008
http://www.ncbi.nlm.nih.gov/pubmed/18249464
http://doi.org/10.4269/ajtmh.2012.11-0717
http://doi.org/10.1001/jamadermatol.2018.2133
http://doi.org/10.1097/PAS.0000000000001177
http://www.ncbi.nlm.nih.gov/pubmed/30334828
http://doi.org/10.4269/ajtmh.20-0107
http://doi.org/10.1093/infdis/165.3.518
http://doi.org/10.3201/eid1809.120184
http://doi.org/10.1016/j.jcpa.2019.09.011
http://doi.org/10.1177/030098588001700110
http://www.ncbi.nlm.nih.gov/pubmed/7352367
http://doi.org/10.3201/eid1203.050811
http://www.ncbi.nlm.nih.gov/pubmed/16704782
http://doi.org/10.2460/javma.2003.222.603
http://www.ncbi.nlm.nih.gov/pubmed/12619839
http://doi.org/10.1371/journal.pntd.0001019
http://www.ncbi.nlm.nih.gov/pubmed/21532741
http://doi.org/10.1053/j.tcam.2009.06.006
http://doi.org/10.3201/eid2112.141167
http://doi.org/10.1155/2009/802712


Microorganisms 2021, 9, 578 18 of 23

20. Travi, B.; Ferro, C.; Cadena, H.; Montoya-Lerma, J.; Adler, G. Canine visceral leishmaniasis: Dog infectivity to sand flies from
non-endemic areas. Res. Veter. Sci. 2002, 72, 83–86. [CrossRef]

21. Douvoyiannis, M.; Khromachou, T.; Byers, N.; Hargreaves, J.; Murray, H.W. Cutaneous Leishmaniasis in North Dakota. Clin.
Infect. Dis. 2014, 59, e73–e75. [CrossRef]

22. Perkins, P.; Endris, R.; Young, D. Experimental Transmission of Leishmania mexicana by a North American Sand Fly, Lutzomyia
anthophora (Diptera: Psychodidae). J. Med. Èntomol. 1987, 24, 243–247. [CrossRef]

23. McHugh, C.P.; Grogl, M.; Kreutzer, R.D. Isolation of Leishmania mexicana (Kinetoplastida: Trypanosomatidae) from Lutzomyia
anthophora (Diptera: Psychodidae) Collected in Texas. J. Med. Èntomol. 1993, 30, 631–633. [CrossRef] [PubMed]

24. McHugh, C.P.; Ostrander, B.F.; Raymond, R.W.; Kerr, S.F. Population Dynamics of Sand Flies (Diptera: Psychodidae) at Two Foci
of Leishmaniasis in Texas. J. Med. Èntomol. 2001, 38, 268–277. [CrossRef] [PubMed]

25. Claborn, D.M.; Rowton, E.D.; Lawyer, P.G.; Brown, G.C.; Keep, L.W. Species Diversity and Relative Abundance of Phlebotomine
Sand Flies (Diptera: Psychodidae) on Three Army Installations in the Southern United States and Susceptibility of a Domestic
Sand Fly to Infection With Old World Leishmania major. Mil. Med. 2009, 174, 1203–1208. [CrossRef]

26. Weng, J.-L.; Young, S.L.; Gordon, D.M.; Claborn, D.; Petersen, C.; Ramalho-Ortigao, M. First Report of Phlebotomine Sand Flies
(Diptera: Psychodidae) in Kansas and Missouri, and a PCR Method to Distinguish Lutzomyia shannoni from Lutzomyia vexator. J.
Med. Èntomol. 2012, 49, 1460–1465. [CrossRef]

27. Lawyer, P.G.; Young, D.G. Experimental Transmission of Leishmania mexicana to Hamsters by Bites of Phlebotomine Sand Flies
(Diptera: Psychodidae) from the United States. J. Med. Èntomol. 1987, 24, 458–462. [CrossRef]

28. Williams, P. Experimental transmission of Leishmania mexicana by Lutzomyia cruciata. Ann. Trop. Med. Parasitol. 1966, 60, 365–372.
[CrossRef]

29. McHugh, C.P.; Villegas, M.D.; Thies, M.L.; Yantis, L.D., Jr.; Raymond, R.W.; Melby, P.C.; Kerr, S.F. Short Report: A Disseminated
Infection of Leishmania mexicana in an eastern woodrat, Neotoma floridana, Collected in Texas. Am. J. Trop. Med. Hyg. 2003, 69,
470–472. [CrossRef]

30. McHugh, C.P.; Grögl, M.; Kerr, S.F. Isolation of Leishmania mexicana from Neotoma micropus Collected in Texas. J. Parasitol. 1990,
76, 741. [CrossRef] [PubMed]

31. Kerr, S.F.; McHugh, C.P.; Dronen, N.O. Leishmaniasis in Texas: Prevalence and seasonal transmission of Leishmania mexicana in
Neotoma micropus. Am. J. Trop. Med. Hyg. 1995, 53, 73–77. [CrossRef]

32. Raymond, R.W.; McHugh, C.P.; Witt, L.R.; Kerr, S.F. Temporal and spatial distribution of Leishmania mexicana infections in a
population of Neotoma micropus. Mem. Inst. Oswaldo Cruz 2003, 98, 171–180. [CrossRef]

33. Kerr, S.F.; McHugh, C.P.; Merkelz, R. Short report: A focus of Leishmania mexicana near Tucson, Arizona. Am. J. Trop. Med. Hyg.
1999, 61, 378–379. [CrossRef] [PubMed]

34. McHugh, C.P. Cutaneous leishmaniasis in Texas. J. Am. Acad. Dermatol. 2010, 62, 508–510. [CrossRef] [PubMed]
35. Rodriguez-Rojas, J.J.; Rodríguez-Moreno, Á.; Berzunza-Cruz, M.; Gutiérrez-Granados, G.; Becker, I.; Sánchez-Cordero, V.;

Rebollar-Téllez, E.A. Ecology of phlebotomine sandflies and putative reservoir hosts of leishmaniasis in a border area in
Northeastern Mexico: Implications for the risk of transmission of Leishmania mexicana in Mexico and the USA. Parasite 2017, 24, 33.
[CrossRef] [PubMed]

36. Rosypal, A.C.; Alexander, A.; Byrd, D.; Weaver, M.; Stewart, R.; Gerhold, R.; Houston, A.; Van Why, K.; Dubey, J.P. Survey of
antibodies Toleishmania spp. in wild canids from Pennsylvania and Tennessee. J. Zoo Wildl. Med. 2013, 44, 1131–1133. [CrossRef]
[PubMed]

37. Intergovernmental Panel on Climate Change (IPCC). Summary for Policymakers of IPCC Special Report on Global Warming of
1.5 ◦C Approved by Governments. 2018. Available online: https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-
ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/ (accessed on 25 February 2021).

38. Koch, L.K.; Kochmann, J.; Klimpel, S.; Cunze, S. Modeling the climatic suitability of leishmaniasis vector species in Europe. Sci.
Rep. 2017, 7. [CrossRef]

39. Hlavacova, J.; Votypka, J.; Volf, P. The effect of temperature on Leishmania (Kinetoplastida: Trypanosomatidae) development in
sand flies. J. Med. Èntomol. 2013, 50, 955–958. [CrossRef]

40. Rioux, J.A.; Zahaf, A.; Lanotte, G.; Dereure, J. Leishmania major (Yakimoff et Shokkor 1914), the agent of Gafsa boil. Ann. Parasitol.
Hum. Comp. 1983, 58, 633–634. [CrossRef]

41. Killick-Kendrick, R.; Killick-Kendrick, M. The laboratory colonization of Phlebotomus ariasi (Diptera: Psychodidae). Ann. Parasitol.
Hum. Comp. 1987, 62, 354–356. [CrossRef]

42. Killick-Kendrick, R.; Wilkes, T.J.; Bailly, M.; Bailly, I.; Righton, L.A. Preliminary field observations on the flight speed of a
phlebotomine sandfly. Trans. R. Soc. Trop. Med. Hyg. 1986, 80, 138–142. [CrossRef]

43. González, C.; Wang, O.; Strutz, S.E.; González-Salazar, C.; Sánchez-Cordero, V.; Sarkar, S. Climate Change and Risk of Leishmani-
asis in North America: Predictions from Ecological Niche Models of Vector and Reservoir Species. PLoS Negl. Trop. Dis. 2010,
4, e585. [CrossRef] [PubMed]

44. Short, E.E.; Caminade, C.; Thomas, B.N. Climate Change Contribution to the Emergence or Re-Emergence of Parasitic Diseases.
Infect. Dis. 2017, 10, 1178633617732296. [CrossRef]

http://doi.org/10.1053/rvsc.2001.0527
http://doi.org/10.1093/cid/ciu386
http://doi.org/10.1093/jmedent/24.2.243
http://doi.org/10.1093/jmedent/30.3.631
http://www.ncbi.nlm.nih.gov/pubmed/8510126
http://doi.org/10.1603/0022-2585-38.2.268
http://www.ncbi.nlm.nih.gov/pubmed/11296834
http://doi.org/10.7205/MILMED-D-00-4309
http://doi.org/10.1603/ME12105
http://doi.org/10.1093/jmedent/24.4.458
http://doi.org/10.1080/00034983.1966.11686426
http://doi.org/10.4269/ajtmh.2003.69.470
http://doi.org/10.2307/3282995
http://www.ncbi.nlm.nih.gov/pubmed/2213421
http://doi.org/10.4269/ajtmh.1995.53.73
http://doi.org/10.1590/S0074-02762003000200002
http://doi.org/10.4269/ajtmh.1999.61.378
http://www.ncbi.nlm.nih.gov/pubmed/10497974
http://doi.org/10.1016/j.jaad.2009.08.034
http://www.ncbi.nlm.nih.gov/pubmed/20159317
http://doi.org/10.1051/parasite/2017034
http://www.ncbi.nlm.nih.gov/pubmed/28825400
http://doi.org/10.1638/2013-0151R.1
http://www.ncbi.nlm.nih.gov/pubmed/24450086
https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
http://doi.org/10.1038/s41598-017-13822-1
http://doi.org/10.1603/ME13053
http://doi.org/10.1051/parasite/1983586633
http://doi.org/10.1051/parasite/1987624354
http://doi.org/10.1016/0035-9203(86)90213-0
http://doi.org/10.1371/journal.pntd.0000585
http://www.ncbi.nlm.nih.gov/pubmed/20098495
http://doi.org/10.1177/1178633617732296


Microorganisms 2021, 9, 578 19 of 23

45. Moo-Llanes, D.; Ibarra-Cerdeña, C.N.; Rebollar-Tellez, E.A.; Ibáñez-Bernal, S.; Gonzalez, C.; Ramsey, J.M. Current and Future
Niche of North and Central American Sand Flies (Diptera: Psychodidae) in Climate Change Scenarios. PLoS Negl. Trop. Dis. 2013,
7, e2421. [CrossRef] [PubMed]

46. Solomon, M.; Baum, S.; Barzilai, A.; Scope, A.; Trau, H.; Schwartz, E. Liposomal amphotericin B in comparison to sodium
stibogluconate for cutaneous infection due to Leishmania braziliensis. J. Am. Acad. Dermatol. 2007, 56, 612–616. [CrossRef]
[PubMed]

47. Wortmann, G.; Pierson, J.; Weintrob, A.; Zapor, M.; Magill, A.; Ressner, R.; Fraser, S.; Hartzell, J. Lipsosomal Amphotericin B for
Treatment of Cutaneous Leishmaniasis. Am. J. Trop. Med. Hyg. 2010, 83, 1028–1033. [CrossRef]

48. Herwaldt, B.L.; Stokes, S.L.; Juranek, D.D. American Cutaneous Leishmaniasis in U.S. Travelers. Ann. Intern. Med. 1993, 118, 779.
[CrossRef] [PubMed]

49. Boggild, A.K.; Caumes, E.; Grobusch, M.P.; Schwartz, E.; Hynes, N.A.; Libman, M.; Connor, B.A.; Chakrabarti, S.; Parola, P.;
Keystone, J.S.; et al. Cutaneous and mucocutaneous leishmaniasis in travellers and migrants: A 20-year GeoSentinel Surveillance
Network analysis. J. Travel Med. 2019, 26. [CrossRef] [PubMed]

50. Murray, H.W.; Eiras, D.P.; Kirkman, L.A.; Chai, R.L.; Caplivski, D. Case Report: Mucosal Leishmaniasis in New York City. Am. J.
Trop. Med. Hyg. 2020, 102, 1319–1322. [CrossRef]

51. Most, H.; Lavietes, P.H. Kala azar in American military personnel, report of 30 cases. Medicine 1947, 26, 221–284. [CrossRef]
52. Magill, A.J.; Grogl, M.; Gasser, R.A.; Sun, W.; Oster, C.N. Visceral Infection Caused by Leishmania tropica in Veterans of Operation

Desert Storm. N. Engl. J. Med. 1993, 328, 1383–1387. [CrossRef] [PubMed]
53. Myles, O.; Wortmann, G.W.; Cummings, J.F.; Barthel, R.V.; Patel, S.; Crum-Cianflone, N.F.; Negin, N.S.; Weina, P.J.; Ockenhouse,

C.F.; Joyce, D.J.; et al. Visceral Leishmaniasis: Clinical Observations in 4 US Army Soldiers Deployed to Afghanistan or Iraq,
2002–2004. Arch. Intern. Med. 2007, 167, 1899–1901. [CrossRef] [PubMed]

54. Scheufele, C.J.; Giesey, R.L.; Delost, G.R. The global, regional, and national burden of leishmaniasis: An ecologic analysis from
the Global Burden of Disease Study 1990–2017. J. Am. Acad. Dermatol. 2020. [CrossRef] [PubMed]

55. Sereno, D. Leishmania (Mundinia) spp.: From description to emergence as new human and animal Leishmania pathogens. New
Microbes New Infect. 2019, 30, 100540. [CrossRef]

56. Yao, C. Leishmania spp. and leishmaniasis on the Caribbean islands. Trans. R. Soc. Trop. Med. Hyg. 2020, 114, 73–78. [CrossRef]
[PubMed]

57. Maruyama, S.R.; De Santana, A.K.; Takamiya, N.T.; Takahashi, T.Y.; Rogerio, L.A.; Oliveira, C.A.; Milanezi, C.M.; Trombela, V.A.;
Cruz, A.K.; Jesus, A.R.; et al. Non-Leishmania Parasite in Fatal Visceral Leishmaniasis–Like Disease, Brazil. Emerg. Infect. Dis.
2019, 25, 2088–2092. [CrossRef]

58. Blauwkamp, T.A.; Thair, S.; Rosen, M.J.; Blair, L.; Lindner, M.S.; Vilfan, I.D.; Kawli, T.; Christians, F.C.; Venkatasubrahmanyam,
S.; Wall, G.D.; et al. Analytical and clinical validation of a microbial cell-free DNA sequencing test for infectious disease. Nat.
Microbiol. 2019, 4, 663–674. [CrossRef]

59. Lachaud, L.; Fernández-Arévalo, A.; Normand, A.-C.; Lami, P.; Nabet, C.; Donnadieu, J.L.; Piarroux, M.; Djenad, F.; Cassagne, C.;
Ravel, C.; et al. Identification of Leishmania by Matrix-Assisted Laser Desorption Ionization–Time of Flight (MALDI-TOF) Mass
Spectrometry Using a Free Web-Based Application and a Dedicated Mass-Spectral Library. J. Clin. Microbiol. 2017, 55, 2924–2933.
[CrossRef]

60. Goldin, H.; Kohen, S.; Taxy, J.; Libman, M.; Cibull, T.; Billick, K. Leishmania tropica infection of the ear treated with photodynamic
therapy. JAAD Case Rep. 2020, 6, 514–517. [CrossRef]

61. David, J.R. The successful use of radiofrequency-induced heat therapy for cutaneous leishmaniasis: A review. Parasitology 2018,
145, 527–536. [CrossRef] [PubMed]

62. Drugs for Neglected Tropical Disease Initiative. Cutaneous Leishmaniasis. Available online: https://dndi.org/diseases/
cutaneous-leishmaniasis/ (accessed on 25 February 2021).

63. Drugs for Neglected Tropical Disease Initiative. Visceral Leishmaniasis. Available online: https://dndi.org/diseases/visceral-
leishmaniasis/ (accessed on 25 February 2021).

64. Dos Santos, J.C.; de Figueiredo, A.M.B.; Silva, M.V.T.; Cirovic, B.; de Bree, L.C.J.; Damen, M.S.; Joosten, L.A. Beta-Glucan-Induced
Trained Immunity Protects against Leishmania braziliensis Infection: A Crucial Role for IL-32. Cell Rep. 2019, 28, 2659–2672.e6.
[CrossRef]

65. Vetvicka, V.; Fernandez-Botran, R. Beta-Glucan and Parasites. Helminthologia 2018, 55, 177–184. [CrossRef]
66. Bañuls, A.L.; Bastien, P.; Pomares, C.; Arevalo, J.; Fisa, R.; Hide, M. Clinical pleiomorphism in human leishmaniases, with special

mention of asymptomatic infection. Clin. Microbiol. Infect. 2011, 17, 1451–1461. [CrossRef]
67. Bern, C.; Chowdhury, R.; Breiman, R.F.; Wahed, M.A.; Wagatsuma, Y.; Secor, W.E.; Maguire, J.H.; Ali, M.; Vaz, L.; Amann, J.; et al.

The Epidemiology of Visceral Leishmaniasis and Asymptomatic Leishmanial Infection in a Highly Endemic Bangladeshi Village.
Am. J. Trop. Med. Hyg. 2007, 76, 909–914. [CrossRef] [PubMed]

68. Jeronimo, S.M.B.; Teixeira, M.J.; Sousa, A.D.Q.; Thielking, P.; Pearson, R.D.; Evans, T.G. Natural History of Leishmania (Leishma-
nia) chagasi infection in Northeastern Brazil: Long-Term Follow-Up. Clin. Infect. Dis. 2000, 30, 608–609. [CrossRef]

69. Lima, I.D.; Queiroz, J.W.; Lacerda, H.G.; Queiroz, P.V.S.; Pontes, N.N.; Barbosa, J.D.A.; Martins, D.R.; Weirather, J.L.; Pearson,
R.D.; Wilson, M.E.; et al. Leishmania infantum chagasi in Northeastern Brazil: Asymptomatic Infection at the Urban Perimeter. Am.
J. Trop. Med. Hyg. 2012, 86, 99–107. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pntd.0002421
http://www.ncbi.nlm.nih.gov/pubmed/24069478
http://doi.org/10.1016/j.jaad.2006.06.044
http://www.ncbi.nlm.nih.gov/pubmed/17276541
http://doi.org/10.4269/ajtmh.2010.10-0171
http://doi.org/10.7326/0003-4819-118-10-199305150-00004
http://www.ncbi.nlm.nih.gov/pubmed/7682386
http://doi.org/10.1093/jtm/taz055
http://www.ncbi.nlm.nih.gov/pubmed/31553455
http://doi.org/10.4269/ajtmh.19-0861
http://doi.org/10.1097/00005792-194709000-00001
http://doi.org/10.1056/NEJM199305133281904
http://www.ncbi.nlm.nih.gov/pubmed/8292114
http://doi.org/10.1001/archinte.167.17.1899
http://www.ncbi.nlm.nih.gov/pubmed/17893312
http://doi.org/10.1016/j.jaad.2020.08.043
http://www.ncbi.nlm.nih.gov/pubmed/32822799
http://doi.org/10.1016/j.nmni.2019.100540
http://doi.org/10.1093/trstmh/trz076
http://www.ncbi.nlm.nih.gov/pubmed/31608958
http://doi.org/10.3201/eid2511.181548
http://doi.org/10.1038/s41564-018-0349-6
http://doi.org/10.1128/JCM.00845-17
http://doi.org/10.1016/j.jdcr.2020.03.014
http://doi.org/10.1017/S0031182018000124
http://www.ncbi.nlm.nih.gov/pubmed/29536826
https://dndi.org/diseases/cutaneous-leishmaniasis/
https://dndi.org/diseases/cutaneous-leishmaniasis/
https://dndi.org/diseases/visceral-leishmaniasis/
https://dndi.org/diseases/visceral-leishmaniasis/
http://doi.org/10.1016/j.celrep.2019.08.004
http://doi.org/10.2478/helm-2018-0021
http://doi.org/10.1111/j.1469-0691.2011.03640.x
http://doi.org/10.4269/ajtmh.2007.76.909
http://www.ncbi.nlm.nih.gov/pubmed/17488915
http://doi.org/10.1086/313697
http://doi.org/10.4269/ajtmh.2012.10-0492
http://www.ncbi.nlm.nih.gov/pubmed/22232458


Microorganisms 2021, 9, 578 20 of 23

70. Mary, C.; Faraut, F.; Lascombe, L.; Dumon, H. Quantification of Leishmania infantum DNA by a Real-Time PCR Assay with High
Sensitivity. J. Clin. Microbiol. 2004, 42, 5249–5255. [CrossRef]

71. Desjeux, P. The increase in risk factors for leishmaniasis worldwide. Trans. R. Soc. Trop. Med. Hyg. 2001, 95, 239–243. [CrossRef]
72. Hirve, S.; Boelaert, M.; Matlashewski, G.; Mondal, D.; Arana, B.; Kroeger, A.; Olliaro, P. Transmission Dynamics of Visceral

Leishmaniasis in the Indian Subcontinent—A Systematic Literature Review. PLoS Negl. Trop. Dis. 2016, 10, e0004896. [CrossRef]
73. Singh, O.P.; Tiwary, P.; Kushwaha, A.K.; Singh, S.K.; Singh, D.K.; Lawyer, P.; Rowton, E.; Chaubey, R.; Singh, A.K.; Rai, T.K.; et al.

Xenodiagnosis to evaluate the infectiousness of humans to sandflies in an area endemic for visceral leishmaniasis in Bihar, India:
A transmission-dynamics study. Lancet Microbe 2021, 2, e23–e31. [CrossRef]

74. Michel, G.; Pomares, C.; Ferrua, B.; Marty, P. Importance of worldwide asymptomatic carriers of Leishmania infantum (L. chagasi)
in human. Acta Trop. 2011, 119, 69–75. [CrossRef]

75. Fakhar, M.; Motazedian, M.; Hatam, G.; Asgari, Q.; Kalantari, M.; Mohebali, M. Asymptomatic human carriers of Leishmania
infantum: Possible reservoirs for Mediterranean visceral leishmaniasis in southern Iran. Ann. Trop. Med. Parasitol. 2008, 102,
577–583. [CrossRef]

76. Alborzi, A.; Fakhar, M.; Pouladfar, G.R.; Kadivar, M.R.; Hatam, G.R.; Motazedian, M.H. Isolation of Leishmania tropica from a
Patient with Visceral Leishmaniasis and Disseminated Cutaneous Leishmaniasis, Southern Iran. Am. J. Trop. Med. Hyg. 2008, 79,
435–437. [CrossRef]

77. World Health Organization. WHO Fact Sheet: Leishmaniasis. 2 March 2020. Available online: https://www.who.int/news-
room/fact-sheets/detail/leishmaniasis (accessed on 25 February 2021).

78. Bhattacharyya, T.; Boelaert, M.; Miles, M.A. Comparison of Visceral Leishmaniasis Diagnostic Antigens in African and Asian
Leishmania donovani Reveals Extensive Diversity and Region-specific Polymorphisms. PLoS Negl. Trop. Dis. 2013, 7, e2057.
[CrossRef]

79. Lun, Z.-R.; Wu, M.-S.; Chen, Y.-F.; Wang, J.-Y.; Zhou, X.-N.; Liao, L.-F.; Chen, J.-P.; Chow, L.M.C.; Chang, K.P. Visceral Leishmaniasis
in China: An Endemic Disease under Control. Clin. Microbiol. Rev. 2015, 28, 987–1004. [CrossRef] [PubMed]

80. Lukes, J.; Mauricio, I.L.; Schönian, G.; Dujardin, J.-C.; Soteriadou, K.; Dedet, J.-P.; Kuhls, K.; Tintaya, K.W.Q.; Jirků, M.; Chocholová,
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