(Chaprer 11
\Chapter 11

Phlebotomus Fever—Sandfly
Fever

Koray Ergunay
Hacettepe University Faculty of Medicine, Department of Medical Microbiology, Virology Unit,
Ankara, Turkey

CASE PRESENTATION

During mid-August, a 27-year-old male was admitted to the emergency ward
with high fever, chills, severe headache, joint pain, watery diarrhea, nausea
and, vomiting, which had started the day before. The initial complete physical
examination demonstrated a fever of 38.9°C, generalized muscle tenderness,
and multiple skin lesions suggesting insect bites on the upper left limb.
Neurological examination was normal without meningeal signs. Medical his-
tory revealed no previous disease of significance but an exposure to mosqui-
toes during his stay at his cousin’s cottage 5 days ago. He had vomited three
times during the last 24 hours. No apparent risk for infectious gastroenteritis
could be identified. Laboratory evaluation demonstrated decreased leukocyte
count (3.8 X 10°/pL) with relative lymphocytosis, decreased platelet count
(1.32 X 10° /uL), elevated alanine aminotransferase (ALT, 101 U/L), aspartate
aminotransferase (AST, 128 U/L), gamma glutamyl transpeptidase (GGT,
107 U/L), creatinine phosphokinase (CPK, 428 U/L), and lactate dehydroge-
nase (LDH, 354 U/L) levels. Hemoglobulin, C-reactive protein, total protein,
blood urea nitrogen (BUN), albumin, creatinine, prothrombin time (PT), acti-
vated partial thromboplastin time (aPTT), international normalized ratio
(INR), and the chest X-ray were within normal limits. The patient was trans-
ferred to the infectious diseases department with the preliminary diagnosis of
undifferentiated viral febrile condition, and blood and stool samples were sub-
mitted for microbiological analyses. Symptomatic treatment with intravenous
rehydration and anti-pyretics was initiated.

The patient responded favorably to the treatment and fever subsided
within 48 hours. Platelet and leukocyte counts returned to normal limits in
36—48 hours while hepatic enzymes remained over the threshold for another
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24—48 hours. No leukocyte, erythrocyte, or parasite eggs were detected in
stool microscopy. Blood and stool cultures were evaluated as negative for
pathogenic bacteria. Serological assays ruled out acute hepatitis by hepatitis
A—E viruses. Due to the history and observation of insect bites, West Nile
virus and phlebovirus assays were also performed in blood samples obtained
during admission. While West Nile virus as well as Toscana and sandfly fever
Sicilian virus immunoglobulins could not be detected, a pan-phlebovirus poly-
merase chain reaction demonstrated reactive results. Sequencing of the ampli-
cons revealed complete homology to the sandfly fever Sicilian virus variant,
sandfly fever Turkey virus, and diagnosis of sandfly fever was established.
A serum sample collected on the fifth day was reactive for sandfly fever
Sicilian virus IgM antibodies via commercial assays. The patient was dis-
charged with recovery on the sixth day of admission with normalized bio-
chemical and hematologic parameters. During the follow-up visit on the fourth
week after discharge, the patient complained about weakness, fatigue, and
lack of concentration, which had lasted about 10 days. A convalescent serum
obtained during the visit demonstrated an IgG seroconversion.

1. WHY THIS CASE WAS SIGNIFICANTLY IMPORTANT
AS AN EMERGING INFECTION

Sandfly fever, also known as phlebotomus, pappataci, or 3-day fever, is an
arthropod-borne febrile disease transmitted by phlebotomine sandflies.
Sandfly fever is prevalent in many regions including the countries in the
Mediterranean Basin, northern Africa, the Middle East, and parts of Central
and Southern Asia where it constitutes a significant health problem affecting
non-immune persons.' Although the disease is not frequently associated with
mortality and residual sequelae, it is a highly incapacitating and debilitating
condition that can significantly affect the individual and the population.” In
endemic regions, epidemics, especially occurring during summer months,
have been noted. Sandfly fever is also of concern as a travel-related
infection.” ° Historically, the disease affected a large number of Allied and
Axis troops serving in the Mediterranean region during the Second World
War.” Several cases of imported sandfly fever have been reported in persons
visiting endemic countries.” "’

2. WHAT IS THE CAUSATIVE AGENT?

Sandfly fever is caused by viruses classified in the Phlebovirus genus of the
Bunyaviridae family. The Phlebovirus genus consists of over 50 distinct
virus serotypes, some of which have not been fully characterized. According
to the 9th Report of the International Committee for Taxonomy of Viruses
(ICTV), phleboviruses consist of nine viral species or serotypes (Sandfly
fever Naples, Salehabad, Rift Valley fever, Uukuniemi, Bujaru, Candiru,
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Chilibre, Frijoles, and Punta Toro) and several tentative species (including
Sandfly fever Sicilian and Corfu)."’

Phleboviruses possess an enveloped spherical virion approximately
100 nm in diameter; a tripartite single-stranded RNA genome having a nega-
tive and ambisense coding strategy. The structural proteins of phleboviruses
comprise the surface glycoproteins (Gn and Gc) encoded by the M (medium-
sized) genome segment, the nucleocapsid protein encoded by the S (small)
segment, and the viral RNA-dependent RNA polymerase, encoded by the L
(large) genome segment. The replication site is the cytoplasm of the infected
cell and virion maturation occurs in the Golgi complex.'*"?

Within the Phlebovirus genus, well-known agents responsible for febrile
diseases occuring in the Old World are Sandfly fever Sicilian virus (SFSV)
and Sandfly fever Naples virus (SFNV)Z. In addition to SFSV and SFNV,
other phlebovirus strains are associated with sandfly fever as well. These
include Sandfly fever Cyprus virus (SFCV), which was identified in Greek
troops in Cyprus, and Sandfly fever Turkey virus (SFTV), which was charac-
terized during outbreaks in central and Aegean/Mediterranean coastal pro-
vinces in Turkey.”'* SFCV and SFTV are considered as SFSV variants due
to significant genomic sequence homology and antigenic cross-reactions.”
Another frequently observed clinically significant phlebovirus is Toscana
virus (TOSV). Due to its distinct neurotropism, TOSV has been identified as
an important agent of sporadic seasonal meningitis/meningoencephalitis in
endemic countries.'” Febrile disease without central nervous system involve-
ment due to TOSV has also been reported.'®'” Moreover, a surprisingly vast
diversity of phleboviruses has been revealed in vector sandflies in the
endemic regions. Phleboviruses characterized in sandflies include Salehabad,
Karimabad, and Tehran viruses in Iran, Corfu virus in Greece, Arbia virus in
Italy, Massilia virus in France, Granada virus in Spain, Punique virus in
Tunisia, Adria virus in Albania, as well as several putative isolates.'®~%7
Although serologic data indicate human exposure to some of these strains,
their pathogenicity and association with clinical disease have not yet been
fully elucidated.”” **?**7?% Nevertheless, recent evidence suggests Granada
virus to be responsible for mild febrile diseases.”” In the New World,
Alenquer, Chagres, Candiru, and Punta Toro phleboviruses have been
detected in individuals with sporadic febrile diseases in Panama, Brasil, and
in northern parts of South America. The diseases in tropical America are
probably forest associated and rodents living in forests presumably act as
amplifying hosts.”"

3. WHAT IS THE FREQUENCY OF THE DISEASE?

The risk for infection with sandfly-transmitted phleboviruses affects large
areas of the Old World including southern Europe, Africa, the Middle East,
and Central and Western Asia, in association with the presence of sandfly
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vectors.”®”” Recent investigations have demonstrated that phlebovirus diver-

sity in the Mediterranean basin is higher than initially suspected, and that
populations living south and east of the Mediterranean Sea have a high risk
for virus exposure during their lifetime.'>->%%-**

Historical evidence of sandfly fever in the Mediterranean region dates
back to the Napoleonic Wars and SFSV-SFNV isolation was performed fol-
lowing the epidemics around Italy during the Second World War.”*> Allied
forces stationed in the Mediterranean and Middle East reported tens of thou-
sands of cases and attack rates of 3—10% (locally up to 80%). Outbreaks of
sandfly fever occurred repeatedly in the former Soviet Union in the period
from 1945 to 1950, predominantly in Crimea, Romania, Moldavia, and the
Central Asian republics. Epidemics related to the activity of Phlebotomus
papatasi were reported in northern Africa, southern Europe, the Middle East,
and Central Asia.’*”’ Human disease in the Americas is reported from
Panama, Brazil, and northern regions of South America, although phlebo-
viruses have been isolated as far as Rio Grande Valley in Texas and southern
Brasil.”***

Seroepidemiological studies have shown that the prevalence of antibodies
to SFSV and SFNV in indigenous populations follows the distribution of
P. papatasi around the Mediterranean region, the Middle East, North Africa
and Western Asia.”'®?%%*% Evidence for SFSV activity is present in
Bangladesh, India, Greece, Cyprus, Iraq, Morocco, Saudi Arabia, Somalia,
Sudan, Tunisia, Turkey, Pakistan, Croatia, Iran, the southern European and
Central Asian republics of Turkmenia, Tajikistan, Uzbekistan, Azerbaijan
and Moldavia, former Yugoslavia, France, and Portugalfl‘18‘28‘39742 SENV
follows a similar distribution and has been detected in Bangladesh, Ethiopia,
Greece, Cyprus, Iraq, Morocco, Saudi Arabia, Sudan, Djibouti, Turkey, and
former Yugoslavia, Turkmenia, Tajikistan, Uzbekistan, Azerbaijan and
Moldavia.”***%~*1*3 Serosurveillance and clinical data from areas sur-
rounding the Mediterranean suggest that SFNV infections have significantly
decreased during the last decades.”** Since 2006, sandfly fever epidemics
were reported from Cyprus, Iraq, and Turkey.”*'**" Infections in non-
immune individuals, frequently acquired as travel-related infections, are well
known."”%® Figure 11.1 shows countries with documented sandfly fever
phlebovirus activity in the Old World.

4. HOW IS THE VIRUS TRANSMITTED?

The only known transmission route for viruses causing sandfly fever is
via blood sucking of female phlebotomine sandflies of the Psychodidae
family.'**° Direct human-to-human or parenteral transmission has not been
demonstrated to date. Many phleboviruses have been characterized in Africa,
Europe, and Central Asia mainly from Phlebotomus and also from
Sergentomyia species, and in the Americas from sandflies belonging to the
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FIGURE 11.1 Countries with documented sandfly fever phlebovirus activity in the Old World.

genera Lutzomyia sensu lato"*. P. papatasi has been widely acknowledged

as the vector for SFSV and SFNV.?”*7*® PFurthermore, virus sequences
have been detected in P. major, P. ariasi, P. perniciosus, P. longicuspis,
P. perfiliewi, P. neglectus, and Sergentomyia minuta, implicating virus repli-
cation in a variety of sandfly species. Novel virus strains with unexplored
clinical significance have also been characterized in sandflies.'®*7**>°

The sandfly acquires the virus as a result of biting an infected person any
time from 48 hours before until 24 hours after the onset of fever. Following
transmission, the virus requires an incubation period of 7—10 days, after
which the sandfly remains infected for life. Many of the phleboviruses are
maintained in their arthropod vectors by vertical (transovarial) transmission
and that vertebrate hosts play little or no role in the basic virus maintenance
cycle. This allows phleboviruses to persist during periods when adult vectors
are absent or when susceptible vertebrate hosts are unavailable. Although
different vertebrate species have been implicated in the SFSV life cycle, no
confirmed reservoirs have been identified so far,'>34720-3!

Phlebotomine sandflies are present in the warm zones of Asia, Africa,
Australia, southern Europe, and the Americas.””>* They are typically found
in the moist subtropical countries of the Eastern Hemisphere between lati-
tudes 20—45° North, particularly around the Mediterranean Sea, in the
Middle East, and in parts of India. Their northward distribution reaches
around the latitude of 50° North in southwest Canada and in northern France
and Mongolia.”””* Although the southernmost distribution of sandflies
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extends to the latitude of 40° South, they are absent from New Zealand and
the Pacific islands. The altitude range of sandfly breeding extends from O to
3300 meters.”

The epidemiological pattern of sandfly fever directly reflects the life
cycle of Phlebotomine vectors. Cases usually begin to appear in April and
gradually build to a peak in September. The disease may break out in epi-
demic form during the summer season following sandfly breeding. The fac-
tor currently known to limit the spread of sandfly fever is the distribution
areas of potential vectors. The disease can emerge and/or reemerge in any
geographical region, given that the sandfly vectors are active.'

5. WHICH FACTORS ARE INVOLVED IN DISEASE
PATHOGENESIS? WHAT ARE THE PATHOGENIC
MECHANISMS?

Since phleboviruses causing sandfly fever are not associated with human
death or severe morbidity, no autopsy reports are available and pathological
or histological changes in the affected individuals are not known. An ade-
quate animal model is also lacking to study pathogenesis of the Old World
sandfly fever phleboviruses, with the exception of TOSV.?® Clinical or field
isolates demonstrate poor infectivity for various laboratory animals including
hamsters, mice, rats, rabbits, and guinea pigs.” *® No evidence of disease
has been obtained with SFSV after inoculating various non-human primates,
and febrile disease can only be induced in rhesus monkeys after intracerebral
inoculation.”” Adult female Syrian golden hamsters subcutaneously inocu-
lated with Punta Toro virus develop a fulminant fatal illness characterized by
hepatic and splenic necrosis and interstitial pneumonitis.”®

The seroprevalence data from endemic countries indicate frequent virus
exposure and inapparent or subclinical infections in indigenous populations.
Viral replication is successfully controlled by the immune response, and spe-
cific IgM antibodies become detectable in blood during the first week after
disease onset. The immunity to sandfly fever phleboviruses is type specific.
Neutralizing antibodies produced during previous exposure are sufficient to
suppress the occurrence of symptoms upon rechallenge with the homologous
agent but do not confer cross-immunity, thus the person remains susceptible
to infections with other phlebovirus serotypes.”~*”’

6. WHAT ARE THE CLINICAL MANIFESTATIONS?

The clinical presentation of sandfly fever due to infections with SFSV and
SENV are identical. After an incubation period of 3—6 days, the disease onset
is characterized by the fever (38.8—40.3°C; 102—104.5°F), headache, retroor-
bital pain, photophobia, generalized aching, malaise, and chills. The face can
be suffused, with injection of the conjunctivas and scleras. Photophobia may
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be present and can be accompanied by intense ocular pain on movement of
the eyes. A faint pink erythema may be observed over the shoulders and tho-
rax. Sandfly bites may also be recognized on the skin. Although lymphade-
nopathy and hepatosplenomegaly are uncommon, the spleen may be palpable
in a small percentage of patients. Abdominal pain, discomfort, diarrhea, or
constipation may also occur. The duration of fever is 2—4 days in 85% of
cases, but may extend to 11 days. During the first day of fever, the pulse may
be accelerated. Rarely, a second febrile episode can be observed. Leukopoenia
is present in most cases at admission to the hospital and the lowest counts are
recorded in the immediate post-febrile period. Following the febrile stage,
there is fatigue and weakness, accompanied by slow pulse and frequently sub-
normal blood pressure. Convalescence may require a few days to several
weeks and can be severely incapacitating. The prognosis is favorable without
any complications or sequelae and no mortality that can be directly attributed
to sandfly fever has ever been recorded.”*”

In experimentally-induced SFSV infections in volunteer young adults, the
incubation period ranged from 50 hours to 9 days, with an average of 42—44
hours after intravenous inoculation. The onset was sudden with fever, chills,
frontal headache, pain in the eyes, photophobia, backache, arthralgia, nuchal
stiffness, loss of appetite, vomiting, alteration of taste, sore throat, and epi-
staxis. Not all patients had all symptoms. Some had giddiness and weakness,
especially during recovery. Fever lasted 2—4 days. Bradycardia was noted
toward the end of the febrile period, and into convalescence. Rash did not
occur, although erythema of the face and conjunctival injection was com-
mon. Leukopenia was noted on the second day of fever with relative lym-
phopenia and neutropenia. The lymphocytes recovered more rapidly than
neutrophils. The urine, liver function tests, and cerebrospinal fluid were
normal. Five percent had recurrence of fever 5—7 days after initial
recovery, 345900

In addition to the symptoms of sandfly fever, SFTV infections frequently
present with aggravated gastrointestinal symptoms, elevation of hepatic
enzymes, creatine kinase, and thrombocytopenia. Increased levels of alkaline
phosphatase and gamma-glutamyl transpeptidase may also be noted.”®'
Similar clinical and laboratory findings have also been documented for
SECV.'" The post-infectious asthenia syndrome is well characterized in
patients recovering from SFTV infections.®’

In contrast to TOSV, SFSV and SFNV infections have generally not been
associated with neurological manifestations and symptoms involving the cen-
tral nervous system are rare or absent in the majority of the sandfly fever
infections. However, cases of meningitis/meningoencephalitis due to SFSV
and/or related viruses and probable central nervous system invasion of cer-
tain strains have been recognized.'®’°> Mechanisms, underlying conditions,
or risk factors for central nervous system infections with phleboviruses other
than TOSV require further investigation.
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7. HOW DO YOU DIAGNOSE?

The diagnosis of sandfly fever is frequently based on clinical symptoms in
endemic regions and laboratory confirmation is usually sought in specific
incidents, travel-related/imported infections, or outbreaks. Routine laboratory
examinations may reveal leukopenia, lymphopenia, neutropenia, or thrombo-
cytopenia, elevation of hepatic enzymes, creatine kinase, alkaline phospha-
tase, and/or gamma-glutamyl transpeptidase, which are transient and may be
pronounced, mild, or absent depending on the phase of the disease.

Serum or plasma is usually sufficient for definitive diagnostic testing for
sandfly fever unless there are signs/symptoms of central nervous system
involvement, when cerebrospinal fluid samples must also be submitted.
Specific diagnosis can be achieved via direct viral detection or via the demon-
stration of virus-specific immunoglobulins.” Direct viral diagnosis can be
performed via virus isolation on cell cultures or via viral RNA detection.
Although SFSV and SFNV can be propagated in Vero, BHK-21, and
LLC-MK?2 cells, virus isolation is rarely attempted for diagnosis, has lower
sensitivity compared to RNA detection, and is performed only in specialized
laboratories.”®’ Reverse transcription polymerase chain reaction (RT-PCR)
techniques are commonly employed for viral RNA detection in clinical samples.
RT-PCR applications involving various primer/probe sequences and detection
methods for SFSV, TOSV, and other phleboviruses have been described.®* %7
However, since viremia is low and transient in the majority of the cases, direct
methods for virus detection can only be effective during the early stages of
infection (1—3 days after onset) and prior to seroconversion.” "

Diagnosis via the demonstration of specific immunoglobulins is usually per-
formed in sandfly fever. Complement fixation and hemagglutination inhibition
methods have been historically used in detecting seroconversion.”*””"* Solid
phase immunoassays such as immunofluorescence assay (IFA), enzyme-linked
immunosorbent assay (ELISA), and immunoblot assays have been developed,
which enable the detection of IgM or IgG class antibodies.” """ However, com-
mercial tests for TOSV diagnosis are more common, and assays readily avail-
able for sandfly fever phleboviruses are currently few. Commercial or in-house
solid phase immunoassays demonstrate variations of sensitivity and specificity
due to the detection method and viral antigens employed in the test.>’® Cross-
reactivity in serological assays is well known among phleboviruses, particularly
among antigenically similar isolates belonging to the same genus or serocom-
plex such as SFNV or SESV.* %7971 Viral neutralization test (VNT) remains as
the reference method to assess the specificity of the antibody response. Thus,
when precise serological characterization of a particular phlebovirus is required,
reactive results in ELISA or IFA must be confirmed via VNT incorporating
viruses of the same and distinct serocomplexes. Although labor intensive and
only established in specialized laboratories, VNT is regarded as the gold stan-
dard assay for specificity and for calculating the antibody titer.”**’"-"*
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8. HOW DO YOU DIFFERENTIATE THIS DISEASE
FROM SIMILAR ENTITIES?

Sandfly fever presents with signs and symptoms of an undifferentiated
febrile illness and a similar clinical picture can be observed in many infec-
tious and non-infectious diseases. Since sandfly fever is non-fatal and fre-
quently self-limited with or without supportive treatment, not all affected
individuals seek medical assistance and a significant portion of symptomatic
infections may be undocumented. Epidemiological data are of particular sig-
nificance in the diagnosis due to the seasonality and geographical distribu-
tion of vector activity. In suspected cases, a thorough medical history should
be obtained, including recent travels to the endemic areas and insect bites.
Travel-related sandfly fever is usually reported during or after visits to the
Mediterranean area and during summer months when the sandflies are
active.””* 1% In the physical examination, sandfly, mosquito, or tick bites
should be sought, suggesting exposure to arthropod vectors. The differential
diagnosis should include other vector-borne diseases depending on the travel
history, viral and parasitic infections, mild forms of hepatitis, and hemato-
logic diseases. Although rarely observed in sandfly fever, symptoms suggest-
ing central nervous system involvement should be recognized to differentiate
and diagnose TOSV infections with similar epidemiological features and
other viral encephalitides for timely intervention and proper management.

9. WHAT IS THE THERAPEUTIC APPROACH?

The treatment of phlebovirus infections is mainly symptomatic and hepatotoxic
medications as well as aspirin and other non-steroidal anti-inflammatory
drugs such as ibuprofen and ketoprofen are not recommended.’ Animal mod-
els have demonstrated that viruses in the Bunyaviridae family are inhibited
with interferon and interferon inducers. Moreover, bunyaviruses are gener-
ally considered sensitive to ribavirin, as evident in currently suggested thera-
pies for Crimean-Congo hemorhaggic fever.”” Ribavirin administered as an
oral dose of 400 mg every 8 hours, started 1 day before experimental infec-
tion for 8 days, has been demonstrated to protect volunteers against SFSV
challenge.”* Ribavirin combined with human recombinant interferon-o
was proposed as a treatment for SESV infection, based on in vitro efficacy.”
In addition to ribavirin, SFSV replication could be suppressed in vitro by
6-azauridine, interferon-co, glycyrrhizin, suramin sodium, dextran sulfate, and
pentosan polysulphate.”> Phleboviruses, as well as other members of the
Bunyaviridae family, were observed to be inhibited by interferon-induced
MxA protein in vitro.”® Selenazole, a nucleoside carboxamide, was also
effective in suppressing the replication of SFESV in cell cultures.”’
Favipiravir, a pyrazine derivative, has been found to be effective against
SENV in vitro and demonstrated higher therapeutic indexes compared to
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ribavirin in hamsters with Punta Toro virus infections, suggesting these com-
pounds as promising antivirals.”*’"

Although the disease course in sandfly fever is frequently benign and an
evidence-based drug therapy is not possible due to the lack of randomized
human trials, interferon—ribavirin combination might be considered as an
emergency therapy in unique circumstances, such as a worsening disease in
critically ill patients.”

10. WHAT ARE THE PREVENTIVE AND INFECTION
CONTROL MEASURES?

Currently, no vaccines against sandfly-borne phleboviruses are available.
Since the immunity is serotype specific and do not confer cross-protection
with other virus serotypes, an effective vaccine must be able to mount an
immune response against all relevant phlebovirus strains capable of produc-
ing clinical disease.” The prevention of sandfly fever relies on the control of
vector proliferation in areas where people are likely to be exposed and use of
individual protective measures'. General personal protection measures
against sandfly bites include wearing of long sleeves and pants, usage of
impregnated bednets, avoiding outdoor activities in the evening, and using
insect repellents. Sandflies breed in vegetation within a few hundred feet of
human habitations. Since these breeding sites are hard to discover, larvicidal
control is impractical and control measures should be aimed at interrupting
contact between humans and adult female sandflies.*” The bloodsucking
females feed only from sunset to sunrise and generally remain close to the
ground. Ordinary mosquito netting and screening are of limited use, because
unfed female sandflies can pass through 18-mesh squares.””’ Insecticide-
impregnated or non-impregnated bednets with small mesh are effective in
preventing sandfly bites.*'*> Travelers to endemic countries should be
encouraged to employ personal protection, especially during seasons when
sandflies are active.
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