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Assessment of Incubation Period of Cutaneous Leishmaniasis due to Leishmania major in Tunisia
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Abstract. The period between the infective sandfly bites and appearance of cutaneous leishmaniasis (CL) lesions is
still hypothetical and little studied. This work aimed at assessing the incubation time of zoonotic CL (ZCL) due to
Leishmania major using a standardized methodology. The retrospective analysis used the epidemiological, clinical, and
biological information available in the database recording all the CL cases diagnosed at the Parasitology Department of
the Pasteur Institute of Tunis during 2015–2019. It allowed for the selection of 92 privileged observations 1) of confirmed
CL cases with presentation suggestive of ZCL form 2) living in northern regions free of ZCL 3) with a single infective trip of
less than a week to ZCL foci during transmission season and 4) with accurate dates of travel and onset of lesions.
Incubation length computed in this population ranged from 1 to 21 weeks, with a median of 5 weeks (interquartile range:
3–8.5 weeks).

Cutaneous leishmaniasis (CL) is caused by protozoa of
genus Leishmania and transmitted by sandfly bites.1,2 Three
CL forms are endemic in Tunisia.1,3 The zoonotic CL (ZCL)
form caused by Leishmania (L.) major is the most prevalent
with about 95% of recorded cases.1 It prevails in the central
and southern parts of the country where it represents an im-
portant public health threat.1 The two other CL forms are the
sporadic CL (SCL) due to Leishmania infantum restricted to
the northern regions and the chronic CL (CCL) caused by
Leishmania tropica mainly encountered in the southeast.1,3

The silent CL incubation period corresponds to the time last-
ing between Leishmania inoculation by infected sandflies and
the appearance of clinical signs, that is, CL skin lesions.2 This
periodwas estimatedby very few studies and hasbeen largely
approached in a hypothetical manner.2,4,5 To our knowledge,
no work studied specifically the ZCL incubation length on a
large number of individuals. This was probably because it is
not easy to determine the precise contamination date in en-
demic areaswhere inhabitants are exposed to sandflybites for
months or even all year round. Furthermore, dates of lesion
appearance are often imprecisely reported, making the cal-
culation of incubation times even more difficult. The objective
of this study was to assess the incubation period of ZCL le-
sions in Tunisia on the basis of data collected from privileged
CL cases with fairly accurate dates of contamination and
onset of lesions.
This retrospective study used epidemiological, clinical, and

biological information available from the database recording
all CL cases diagnosed at the Parasitology Department of the
Pasteur Institute of Tunis. All information have been collected
aspart of the routine diagnostic process, andnopersonal data
were used in this study. From January 2015 to November
2019, 257 CL cases referred by physicians, mainly dermatol-
ogists, were recorded in the database. Diagnosis was carried
out on dermal scraping of CL lesions using microscopic
examination of Giemsa-stained smears (203 cases) and
real-time PCR targeting Leishmania kinetoplastic DNA (54

additional cases). All the 257 CL cases were pseudonymized,
and information concerning age, gender, district of residence,
travel to ZCL endemic areas, dates of travel/onset of lesions/
seekingmedical advice, number of lesions, their location, and
Leishmania species identification were reported on an anon-
ymous sheet. To estimate the incubation period, only the CL
cases whomet the specific inclusion criteria were selected for
analysis. These were 1) a residence in the northern gover-
norates of Tunisia, where CL incidence is extremely low and
ZCL absent; 2) a single travel to center or southern gover-
norateswhere ZCL is highly prevalent andwhere proportion of
ZCL cases is much higher than CCL ones; 3) several charac-
teristics of the trip which has to be short (less than a week),
took place from June to November (which corresponds
to sandfly’s activity season in Tunisia), and no more than
6months before diagnosis (to avoid overlapping transmission
seasons); and 4) fairly accurate records concerning dates of
travel and onset of lesions. Following these criteria, we se-
lected 92cases forwhichwecan assume that individuals have
probably been infected during their trip to ZCL foci and for
whom we can calculate with enough precision the incubation
time of CL lesions. Among these 92 patients, 13 had in-
formation about the Leishmania species identification: five
from positive Novy, McNeal, Nicolle cultures by multilocus
isoenzyme electrophoresis and eight from molecular analysis
by PCR and restriction fragment length polymorphism.6,7 All
the 13 identified strains corresponded to L. major species.
Data concerning dates were homogenized for all cases as

follows. Each month was divided into 4 weeks (day [D]1–7,
D8–14, D15–22, and D23–30/31) beginning from July 2014
until November 2019. Each recorded date was assigned by
the corresponding week. When the period of the trip over-
lapped 2 weeks, the week for which the patient stayed the
longestwas retained. The incubation periodwascalculatedby
subtracting theweekallocated to the trip from that allocated to
the lesion onset and the consultation delay by subtracting the
week allocated to the lesion onset from that allocated to the
medical consultation. Statistical analysis was performed us-
ing IBM SPSS (statistics 23) software (IBM Corp., Armonk,
NY). Qualitative variableswere describedbypercentages, and
quantitative variables were expressed bymeans and SD or by
the medians and interquartile range (IQR). We compared
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means using the Student’s independent t-test. The Pearson
correlation test was applied to compare two quantitative
variables. The significance level was set to 5% for all tests.
Among the 92 CL patients, 56 were males and 36 females,

themean age was 31 ± 22 years, with a range from 16months
to 86 years (Table 1). All were resident in northern part of the
country, with 85.8% of them living in the Great Tunis region
(Figure 1). Twenty-three (25%) traveled to Gafsa (Southwest),
21 (22.8%) to Tataouine (Southeast), and 19 (20.7%) to Kair-
ouan (center) (Figure 1). These three governorates are among
the most endemic for ZCL in Tunisia.3,4 Most patients moved

during August (n = 48, 52.2%) and September (n = 24, 26%)
(Figure 2). The motive of the travel was celebration of Eid el
Kebir day (n = 26, 28.2%), summer holidays (n = 23, 25%), and
work (n = 16, 17.3%) (Table 1). The majority of CL lesions
(85.8%) appeared between August and November, whereas
medical consultations took place mainly between October
and January (84.7%) (Figure 2). Average consultation delay
was 7.8 ± 4.5weeks (range: 1–22weeks). Themean number of
CL lesions per patient was 3 ± 2.5, and limbs were the most
affected (77 patients, 83.6%) (Table 1). Incubation times
ranged from 1 to 21 weeks, with a median of 5 weeks (IQR:
3–8.5) (Figure 2) and an average of 6.5 weeks ± 4.5. No sig-
nificant difference in incubation time was observed with re-
spect to gender, age, month of travel, location, or number of
lesions.
Incubation time during leishmaniasis remains little studied.

Interesting study designs are those monitoring naive not ex-
posed subjects who travel to endemic areas. Such situations
concern workers who are displaced to build dams and roads
or to exploit mining or forest resources as well as scouts in
holiday camps and army-deployed personnel.8–10 However,
the usual long stay durationmay leave uncertainties about the
effective date of the sandfly’s infecting bites.8,10 To avoid this

TABLE 1
Main characteristics of the 92 CL cases

Gender ratio (Male/Female) 1.56 (56/36)
Age (years) Mean ± SD: 31 ± 22

Range: 1.33–86
Purpose of travel to
endemic zoonotic CL foci

Eid el Kebir day (28.2%), summer
holidays (25%), and work (17.3%)

Number of CL lesions Mean ± SD: 3 ± 2.5
Location of lesions 83.6% on the limbs
Incubation time (weeks) Median: 5

Range: 1–21
CL = cutaneous leishmaniasis.

FIGURE 1. Geographical locationsof residences and travels of cutaneous leishmaniasis (CL) cases.On thismapof Tunisia, zoonoticCL (ZCL) foci
are colored in yellow. All CL cases lived in the northern zones outside the geographic distribution of ZCL and moved during their trip to central and
southern hot spots of the disease. This figure appears in color at www.ajtmh.org.
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bias,weselectedonly very short trip to endemic areas.Mostof
our patients traveled during August and September which
correspond to the peak of density of L. major vector, that is,
Phlebotomus papatasi.11 Although several reasons for travel
were reported, our study has taken benefit from the fact that
Eid el Kebir celebration day, depending on the lunar calendar,
has matched over 2014–2019 with the summer period of in-
tensive L. major transmission.1,11 This important annual re-
ligious event for Muslims is associated with a 3-day holiday
and is a usual reason for Tunisian people to visit their families
in native endemic regions. Most CL patients sought medical
advice between October and January for CL lesions mainly
multiple and preferentially affecting limbs. These epidemio-
logical and clinical presentations were highly suggestive of

ZCL in Tunisia and corroborate results of Leishmania species
identification performed on several cases isolates.1,3 The
median incubation period of L. major lesions was estimated to
be 5 weeks (IQR: 3–8.5) which was fairly short compared with
that of Leishmania braziliensis CL reported by Oré in Peru.11

This short period could be explained by the high virulence of
L. major.12 This estimated incubation period of L. major
showed, however, a large variation from 1 to 21 weeks. Such
large intervals have been reported by many authors.2,4,5,10 It
could be explained by the huge pattern of virulence of L.major
infective isolates already suggested by the great poly-
morphism of ZCL lesions and shown in mousemodels and by
genomesequencingof strains.13–16Several other factors such
as the individual genetic susceptibility and immunity of the

FIGURE 2. Estimation of the incubation period of cutaneous leishmaniasis (CL). (A) Distribution of the CL case number according to themonth of
travel to endemic zoonoticCL foci, onset of lesions, andmedical-seeking advice. This graph shows thegapbetween the likely contaminationperiod
(mainlyAugust–September) and lesion onset (mainly September–October) and firstmedical consultations (mainlyOctober–January). (B) Incubation
periods of CL cases. In this graph, estimated incubation periods are reported by week and plotted for all CL cases. The central box represents the
values from the lower to upper quartile (25–75 percentile). The middle line represents the median. The horizontal line extends from the minimum to
the maximum value, excluding outside and far out values which are displayed as separate plots. This figure appears in color at www.ajtmh.org.
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human host,13 the number of inoculated promastigotes,17 the
sandfly’s saliva composition, and the skin microbiota could
also play a role.18,19

Cutaneous leishmaniasis incubation times are interesting
data that can be useful in routine practice. They could weaken
or strengthenCL suspicions by analyzing the interval between
a risky travel and the date of lesion appearance. Thus, it would
be unlikely that lesions appearing a few days or more than
4 months after a visit to an endemic zone could correspond
to ZCL. However, vigilance must be kept because seven
(7.6%) patients have reported the emergence of their lesions
only 1 week after their displacement. Such short delays have
been reported by some authors.5,6,20 The incubation periods
may also be used to estimate the age of lesion and conse-
quently adapt the therapeutic option.4 Antimonials are the
first-line CL treatment in Tunisia. Abstention could be rec-
ommended for old lesions of the limbs that have started
healing. Finally, incubation time estimation would be helpful
for ZCL control by identifying the parasite’s high transmission
period. Such data will guide and optimize the implementation
of preventive and struggle measures, especially those di-
rected against sandflies.
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